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Number of paper %

Papers by Turkish Participants 2 41.43
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Papers by International Participants 41 58.57

(16 Countries)
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Ilgide kayith yazida belirtildigi {izere, Boliimiiniiz Veterinerlik I¢ Hastaliklar1 Anabilim
Dal1 6gretim iiyelerinden Prof. Dr. Basak HANEDAN'In, "Academy Global Conferences &
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Kongre Baglant1 Linki :

Join Zoom Meeting
https://us06web.zoom.us/j/88571518350?pwd=fOYazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350
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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 icerisinde 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 siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

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

Sunum yapan katilimeinin kamerasi acik olmak zorundadar.

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 sinir1 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.

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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24 Nisan / April 24,2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
SAGLIK KURUMLARINDA SUREKLI [YILESTIRME g‘,"r‘:g'c‘i;'f)a{}sYGU SENA
(KAIZEN) FAALIYETLERININ KURUMSAL IMAJ D%) GAN
UZERINDEKI ETKIiSi- ISTANBUL iLi ORNEGI Doc. Dr..ALI OZCAN
TURKIYE’DE GERIATRI HIZMETLERININ SAGLIK TURIZMI Ii';s:'ézisﬁ’ssfl{gmm‘s"
ACISINDAN ONEMI VE GELISIM POTANSIYELI Doc.Dr., Ali OZCAN
; . ; Yiiksek Lisans Ogrencisi,
KADIN AILE SAGLIGI CALISANLARININ SiDDETE KARSI Sibel GULERTAN
GUVENLIK, GUVEN ALGILARI ILE I$ TATMINI VE ARISOY
[LETISIM BECERILERI UZERINE BiR ARASTIRMA Doc.Dr., Ali OZCAN
Z DIJITALLESME VE SURDURULEBILIRLIK CERCEVESINDE ZEYNEP GULSUM
'E MALI MUSAVIRLIK MESLEGININ DONUSUMU CARBUGA
E YAPAY ZEKA FARKINDALIK DUZEYLERININ YONETSEL
— &) KARAR ALMA SURECLERINE ETKISI: Asli Tuana SAVAS
% < ANAKKALE/BIGA’DA KADIN YONETICILER UZERINE BiR Prof. Dr. Erdal AYDIN
9 A ARASTIRMA
< Z Dr. Ugur KUCUKOGLU
& =) ADAPTATION OF INFORMATION TECHNOLOGY STAFF TO | Dog. Dr. Ahmet Kamil
_ o GDPR PROCESSES: A UNIVERSITY CASE STUDY AND KABAKUS
- a PROPOSED ROADMAP Ogr. Gor. Dr. Ugur
% - DAGTEKIN
3 . Ogr. Gor. Dr. Ugur
- COMPARATIVE ANALYSIS OF MACHINE LEARNING DAGTEKIN
8D MODELS FOR PHISHING URL DETECTION AND THE Dog. Dr. Ahmet Kamil
QO IMPACT OF FEATURE SELECTION KABAKUS
Dr. Ugur KUCUKOGLU
DETERMINATION OF THE IMPORTANCE RANKING OF
FACTORS INFLUENCING OBESITY USING MACHINE Ph.D., Faruk URAK
LEARNING METHODS
ORGUTLERDE HIBRIT CALISMA MODELININ CALISAN Dr. Ogr. Uyesi Derya
DENEYIMINE YANSIMASI: SESSiZ CATLAMA UZERINE BIR | CELIK
INCELEME Dr. Omer Samet KAZDAL

Academy Global Conferences & Journals

UASIOURNAL

oo ACADEMY




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

AICHSS 7TH INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
APRIL 24 - 26, 2026

MUS

Meeting ID: 885 7151 8350 Passcode: 202224

24 Nisan / April 24,2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 2
Assoc. Prof. MELIiKE NUKTE DiNCER

POPULATION EXCHANGE AND SPATIAL CONTINUITY:
SOCIO-ECONOMIC AND ARCHITECTURAL TRACES OF
COEXISTENCE IN GUZELKENT/HELALDI

Dr. Ogr. Uyesi DURMUS
GUR

MEDITATIVE AND MINDFULNESS-BASED PRACTICES IN
CERAMIC ART IN THE DIGITAL AGE

Assoc. Prof. MELIKE
NUKTE DINCER

KANT’TA UMUT NEYI VAAT EDER? PRATIK AKLIN
PERSPEKTIFINDEN BiR ANALIZ

Doktora Ogrencisi, KUBRA
ATAY

TOPLUMSAL GERCEKLIGIN INSASI: SEARLE’UN
KURAMININ DIL, YENIDEN URETIM VE DONUSUM
ACISINDAN YENIDEN DEGERLENDIRILMESI

Doktora Ogrencisi, KUBRA
ATAY

MERT ARIK’IN BENIM ZURAFAM UCABILIR VE UZAYA
GIDEN TREN ADLI ESERLERININ COCUK EDEBIYATI
ILKELERI ACISINDAN INCELENMESI

Yiiksek Lisans Ogrencisi,
Elif SEDEF )
Dog. Dr. Nazli MEMIS

BAYTIMUR
Yiiksek Lisans Ogrencisi,
BEKIR BUYUKARKIN’IN KUTLU DAG ROMANINDA Furkan DEGIRMENCI
YAPISAL UNSURLAR VE iZLEKLER Dog. Dr. Nazli MEMIS
BAYTIMUR
THE SHALVAR AS AN INDICATOR OF CULTURAL IREMNUR
IDENTITY: FORMS OF REPRESENTATION IN VISUAL TOPRAKKARISTIRAN

CULTURE

Do¢. TUBA BATU

THE ROLE OF WOMEN’S COOPERATIVES IN WOMEN’S
EMPOWERMENT AND CULTURAL TRANSMISSION: THE
CASE OF BEKTAS VILLAGE WOMEN’S LABOR
AGRICULTURAL DEVELOPMENT COOPERATIVE

SIBEL ARSLAN
Dog. TUBA BATU

BEYOND ETHNOGRAPHY: TIM INGOLD AND THE
ONTOLOGICAL REORIENTATION OF SOCIAL
ANTHROPOLOGY

Dr. Ogr. Uyesi ALAATTIN
oGUZ
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
YENI MEDYADA [ZLEYICI PRATIKLERININ DONUSUMU:
1 IZLEYICININ AKTIF OZNELESMESI VE TIKTOK ICERIK Damla Sude ERGEN
DONGULERI

A BIBLIOMETRIC ANALYSIS OF THE LITERATURE ON ‘
2 DIALOGIC COMMUNICATION AND PUBLIC RELATIONS Dr., MASIDE KARACA

HOLLYWOOD, SPAGETTI VE TURK WESTERN

=
E .
> 3 FILMLERINDE KOVBOY RACONU Dr, Mehmet Ali KAYA
o
o™ KULTUR-SANAT HABERCILIGi: CUNEYT OZDEMIR
> E 4 YOUTUBE KANALININ iCERIK ANALIZI Assac. Prof. FIRAT ATA
o) |
3:' > THE STRUGGLE TO PROTECT AN ECOSYSTEM: THE ASSOC. PROF. DR
5 . 5 MILLEYHA WETLAND FROM A BIODIVERSITY AND EVLEM BEVAZIT.
» o ENVIRONMENTAL CONSERVATION PERSPECTIVE
_I .
< o 6 MULTIDISIPLINER BIR ALAN: SURDURULEBILIR Dr. Ogr. Uyesi OZLEM
I X GASTRONOMI CAYIR
o
O Psychology Student, Melisa
o) THE RELATIONSHIP BETWEEN SOCIAL MEDIA OZDEMIR
a 7 ADDICTION LEVELS AND SOCIAL AND EMOTIONAL Dr. Sule AYDIN YERAL
< LONELINESS AMONG UNIVERSITY STUDENTS Res. Asst, Azra Ceren
KIBAROGLU
8
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL /SALON 4
Assoc. Prof. Dr. Ramazan KIYAK

Adverse effects of antiretroviral therapy for patients with HIV
infection in a tertiary hospital centre, in Albania

Mirela Rexhepi
Erjona Abazaj
Esmeralda Meta

GASTROENTEROLOGY CONSULTATIONS iN THE
EMERGENCY DEPARTMENT BETWEEN 2020 AND 2023: A
RETROSPECTIVE ANALYSIS

Assoc. Prof. Dr. Ramazan
KIYAK

Assoc. Prof.Dr.Bahadir
CAGLAR

Assoc. Prof.Dr.Sitha SERIN

SYNERGISTIC EFFECTS OF THYMOQUINONE-BETAINE
COMBINATION ON CASPASE DEPENDENT APOPTOSIS
AND MMP-2 MODULATION IN MCF-7 BREAST CANCER
CELLS

Ph.D. Student, RUMEYSA
SULTAN CEVIK
Assistant Professor, HADI
KARIMKHANI

Associate Professor,
AHMET MURAT GUNAL

ENDODONTIC TREATMENT OF A MANDIBULAR SECOND
MOLAR WITH A C- SHAPED ROOT CANAL
CONFIGURATION: A CASE REPORT

Uzm. Dt. MEDINE CIiCEK

ENDODONTIC RETREATMENT OF THREE-ROOTED
MAXILLARY PREMOLARS: A TWO-CASE SERIES WITH
ONE-YEAR FOLLOW-UP

Uzm. Dt. MEDINE CIiCEK
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HALL / SALON 5
Assoc. Prof. Dr. EInur Mammadov

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
PUBLIC-PRIVATE PARTNERSHIP MODELS FOR FLOOD- Prof. Dr. Rahman
RESILIENT INFRASTRUCTURE IN DHAKA URBAN AREAS Chowdhury
Fatema Akter

Md. Sharif Hossain
Ayesha Siddiqua

CLIMATE CHANGE ADAPTATION STRATEGIES FOR
BANGLADESH COASTAL COMMUNITY DEVELOPMENT

Assoc. Prof. Dr. Khaled
Islam

Nusrat Jahan

Samiul Haque

URBAN HEAT ISLAND MITIGATION THROUGH GREEN
ROOF SYSTEMS IN TEHRAN METROPOLIS

Dr. Reza Jalali
Soraya Mahmoudi
Ali Karimi

EARTHQUAKE-RESISTANT HOUSING DESIGNS FOR
RURAL IRANIAN SETTLEMENTS

Prof. Dr. Hassan Tavakoli

Fatemeh Ahmadi
HIGH-DENSITY VERTICAL FARMING SOLUTIONS FOR Assoc. Prof. Dr. Lim Wei
SINGAPORE'S LIMITED LAND RESOURCES Ming

Dr. Tan Mei Ling
Rajesh Kumar

SEA-LEVEL RISE DEFENSE SYSTEMS FOR SINGAPORE
COASTAL URBAN EXPANSION

Prof. Dr. Ong Boon Leong
Sarah Ng
Muhammad Amir

SMART CITY PLANNING FRAMEWORKS FOR
SUSTAINABLE BAKU DEVELOPMENT

Assoc. Prof. Dr. Elnur
Mammadov

Leyla Hasanova

Farid Gurbanov

WATER CONSERVATION ARCHITECTURE IN ARID
AZERBAIJANI REGIONS

Dr. Nigar Aliyeva
Aysel Ibrahimova
Kamran Abbasov

POST-INDUSTRIAL URBAN REGENERATION PROJECTS IN
GANJA CITY CENTER

Prof. Dr. Victor Rusnac
Elvin Rahimov
Sevinc Nuriyeva
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INTEGRATING DIGITAL STORYTELLING IN TUNISIAN Prof. Dr. Amel Ben Ali
PRIMARY EDUCATION FOR LITERACY DEVELOPMENT Karim Trabelsi
Nadia Jarraya
Sami Karray
STEM EDUCATION REFORM MODELS FOR RURAL Assoc. Prof. Dr. Lilia
— TUNISIAN GIRLS EMPOWERMENT PROGRAMS Harabi
i)
© Youssef Ben Salem
© % Fatma Zayani
Z © BLENDED LEARNING FRAMEWORKS FOR GEORGIAN Dr. Nino Tsiklauri
O = VOCATIONAL TRAINING IN TOURISM SECTOR Giorgi Beridze
:(' - Mariam Kapanadze
o "
n a Levan Lomidze
: - TEACHER PROFESSIONAL DEVELOPMENT THROUGH Prof. Dr. Tamar Gelashvili
| o PEER MENTORING IN TBILISI SCHOOLS Irakli Chikhradze
< o Lali Tsivtsivadze
I o Al-DRIVEN PERSONALIZED LEARNING PLATFORMS FOR Assoc. Prof. Dr. Wei Ling
2 SINGAPOREAN SPECIAL NEEDS STUDENTS Tan
2 Dr. Marcus Lee
Siti Rahman
Jasmine Wong
MULTICULTURAL CURRICULUM DESIGN FOR Prof. Dr. Rajesh Kumar
SINGAPORE'S DIVERSE CLASSROOM ENVIRONMENTS Aisha Lim
Benjamin Tan
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CLIMATE CHANGE IMPACTS ON COASTAL EROSION Prof. Dr. Amel Ben Salem
1 PATTERNS ALONG TUNISIAN MEDITERRANEAN Karim Trabelsi
SHORELINES Nadia Jrad
Hassen Karray
WATER RESOURCE MANAGEMENT CHALLENGES IN Assoc. Prof. Dr. Lilia
TUNISIA'S SOUTHERN OASES UNDER DROUGHT Hachicha
2 CONDITIONS Mohamed Neji
Sahar Ben Ali
GEOMORPHOLOGICAL EVOLUTION OF BLACK SEA Dr. Giorgi Tsiklauri
3 COASTAL DELTAS IN GEORGIA Nino Chikhradze
Levan Beridze
URBAN HEAT ISLAND EFFECTS AND LAND USE CHANGES Prof. Dr. Mariam Gelashvili
rakli Lomidze
4 IN TBILISI METROPOLITAN REGION Irakli Lomid
Tamar Kapanadze
TROPICAL CYCLONE INTENSITY FORECASTING MODELS .
FOR SINGAPORE STRAIT MARITIME SAFETY Assoc. Prof. Dr. Wei Tan
5 Dr. Mei Ling
~ g Rajesh Kumar
8 S MANGROVE ECOSYSTEM MAPPING AND CARBON N
| ‘5 6 SEQUESTRATION IN SINGAPORE COASTAL WETLANDS Siti Rahman
P [ Prof. Dr. Lim Hock
(D - —
)
= = ATLAS MOUNTAINS GLACIER RETREAT PATTERNS AND : f
1 o Prof. Dr. Fatima Zahraoui
3:| 0] 7 HYDROLOGICAL IMPLICATIONS IN MOROCCO Youssef Bennani
T 5 Amina El-Khatib
DESERTIFICATION PROCESSES AND LAND DEGRADATION
IN MOROCCO'S PRE-SAHARA REGIONS
Assoc. Prof. Dr. Hassan
8 Rhouma
Nadia Belghiti
URBAN EXPANSION DYNAMICS AND SPRAWL ANALYSIS
IN CASABLANCA METROPOLITAN AREA Dr. Omar Lahlou
9 Karim Alami
Laila Souissi
GIS-BASED VULNERABILITY ASSESSMENT FOR FLOOD
RISKS IN MARRAKECH VALLEY BASINS Assoc. Prof. Dr. Mehdi
10 Bouziane
Sara El-Mansouri
Reda Fassi
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HALL /SALON 8
Assoc. Prof. Dr. Rania Salameh

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ARAB-PERSIAN PHILOSOPHICAL SYNTHESIS IN IBN Prof. Dr. Khalil Nassar
SINA'S EPISTEMOLOGY OF CERTAINTY Dr. Lina Harb
Sami El-Khoury

EXISTENTIAL THEMES IN MAHMOUD DARWISH'S POETRY
THROUGH LEVINASIAN ETHICS

Assoc. Prof. Dr. Rania
Salameh
Elias Tannous

ISLAMIC MODERNISM AND BERBER ORAL TRADITIONS IN
ALGERIAN POSTCOLONIAL THOUGHT

Dr. Amina Zerhouni
Karim Belkacem
Fatima Hadji

AL-FARABI'S VIRTUE ETHICS AND CONTEMPORARY
ALGERIAN SOCIAL CONTRACT THEORY

Prof. Dr. Yacine Djarallah
Nadia Cherif

CONFUCIAN HARMONY VERSUS SINGAPOREAN
PRAGMATISM IN MULTICULTURAL ETHICS

Assoc. Prof. Dr. Wei Ling
Tan

Dr. Rajesh Kumar

Mei Ling Wong

MERLEAU-PONTY'S PHENOMENOLOGY APPLIED TO
SINGAPORE URBAN EXISTENTIAL SPACE

Siti Rahman
Prof. Dr. Chen Hao

DESCARTES' METHODOLOGICAL DOUBT REVISITED IN
ALGERIAN DECOLONIAL EPISTEMOLOGY

Dr. Samir Lounis
Assoc. Prof. Dr. Leila
Amrane

Hakim Zerrouki

NIETZSCHEAN WILL TO POWER IN POST-INDEPENDENCE
ALGERIAN NATIONAL IDENTITY

Prof. Dr. Nourredine
Belhadj
Yasmina Bouziane

KANTIAN AUTONOMY AND ISLAMIC UTIHAD IN
ALGERIAN LEGAL PHILOSOPHY

Dr. Zahra Khelifa
Karim Mansouri
Assis. Prof. Dr. Samia
Haddad
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
RURAL-URBAN MIGRATION PATTERNS AND FAMILY Prof. Dr. Farrukh
1 STRUCTURE TRANSFORMATIONS IN TAJIKISTAN Rahmonov
Dilnoza Karimova
Sherali Ubaidulloev
GENDER ROLES EVOLUTION AMONG TAJIK YOUTH IN Assoc. Prof. Dr. Nigora
POST-SOVIET TRANSITIONAL CONTEXTS Saidova
2 Azizjon Boboev
Gulnoz Mirzoeva
URBAN SLUM COMMUNITIES AND SOCIAL MOBILITY Dr. Ayesha Siddiqui
3 BARRIERS IN KARACHI MEGACITY Imran Malik
Sana Rehman
RELIGIOUS IDENTITY NEGOTIATION AMONG PAKISTANI Prof. Dr. Faisal Butt
4 DIASPORA IN GULF COUNTRIES Zainab Qureshi
Rabia Nisar
ETHNIC MINORITY INTEGRATION CHALLENGES IN Assoc. Prof. Dr. Nino
5 TBILISI MULTICULTURAL NEIGHBORHOODS Tsiklauri
Levan Beridze
; S Mariam Gelashvili
o) = POST-SOVIET NATIONAL IDENTITY FORMATION Dr. Irakli Lomidze
| o 6 THROUGH GEORGIAN LANGUAGE REVITALIZATION Tamar Kapanadze
g E Giorgi Khutsishvili
=)
=~ o
WINE INDUSTRY REVIVAL AND RURAL COMMUNITY
- 5] . Dr.
3 N . RESILIENCE IN MOLDOVAN VILLAGES I:/rlgriaDProlon Cebanu
< o Popescu
T [a) Andrei Lupu
YOUTH POLITICAL ENGAGEMENT IN CHISINAU AMID EU
INTEGRATION PRESSURES Assoc. Prof. Dr. Victor
8 Rusnac
Elena Bodarev
MOLDOVAN TRANSNATIONAL FAMILIES AND
CHILDCARE ARRANGEMENTS IN LABOR MIGRATION . .
Dr. Sergiu Platica
9 Ecaterina Rusu
Vladimir Moraru
LANGUAGE SHIFT DYNAMICS AMONG GAGAUZ
MINORITY IN AUTONOMOUS TERRITORIAL UNITS .
Dr. Olga Cebotari
10 Pavel Stepanov

Natalia Grigorenco
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EVALUATION OF Lactobacillus SPECIES AND THEIR RPh. EMRULLAH YILDIZ
BIOLOGICAL ACTIVITIES, IN TERMS OF ANTIMICROBIAL Assoc. Prof. TUBA
EFFICACY UNVER
SAFRAN BITKiST EKSTRAKTI {LE GUMUS EX']‘;Z%L;E?;S%E;“S"
NANOPARTIKULLERIN SENTEZI VE GUMUS Dr. Ogr. Uyesi, KAMIL
= NANOPARTIKULLERIN ANTIMIKROBIYAL ETKINLIGI SERKAN UZYOL
=
; = KARAYEMIS EKSTRAKTI iLE OLUSTURULMUS GUMUS Dr. Ogr. Uyesi, KAMIL
o) 8 NANOPARTIKULLERIN PLA FILM MATRISIILE SERKAN UZYOL
| ~« BIRLESTIRILEREK ANTIMIKROBIYAL OZELLIGININ Yiiksek Lisans Ogrencisi,
g = INCELENMESI GULAY VARDARBASI
~ g
_| v
T 3 THE EFFECTS OF CLIMATE CHANGE ON INLAND WATER .
< o RESOURCES Dog. Dr. Esra BAYCELEBI
I (=
g Prof. Dr. Serap KILIC
(= . " ALTUN
HAYVANSAL GIDALARDA PROTEIN DENATURASYONU Doc. Dr. ismail Sah
VE HISTOLOJIK DEGISIKLIKLER HAREM
Dog. Dr. Nilgiin PAKSOY
Prof. Dr. Serap KILIC
HAYVANSAL GIDALARDA YAG ASIDI PROFILI, LiPiD ALTUN
PEROKSIDASYONU VE DOKUSAL HISTOLOJIK Dog. Dr. Nilgiin PAKSOY
DEGISIKLIKLER Dog. Dr. Ismail Sah
HAREM
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FOTOVOLTAIK SISTEMLERDE KIRLENME NEDENIYLE Eﬁé%ﬁ%agDEM
VERIM AZALMASI VE TEKNOLOJIK COZUMLER Hasan Hiiseyin OZTURK
ISI DEPOLAMA TEKNIKLERININ TEKNOLOJIYE HAZIRLIK :::: Eg;ﬁy'” OZTURK
SEVIYELERI VE MALIYET KARSILASTIRMASI KUCUKERDEM
2
N =
Z =2 KESTANE KABUGU DOLGULU VINILESTER ESASLI :
3 § KOMPOZITLERIN MEKANIK OZELLIKLERININ Rf;'a D,\;'i rl]leyla.so. E\’;g AL
X m INCELENMESI
]
2 Z
_ o= VINILESTER ESASLI KOMPOZITLERDE ZEYTIN .
?EI A CEKIRDEGI DOLGUSUNUN MEKANIK OZELLIKLERE g;"?i'nD;'élLyfg A}’“LD‘IE"TI\IALLI
I r ETKISININ INCELENMESI g
a2
CAUSAL ANALYSIS OF FACTORS AFFECTING THE Burak AY
EFFICIENCY OF SHIP FRESHWATER GENERATORS USING | Asst. Prof. Dr. Seyid
THE DEMATEL METHOD Mahmud Esad DEMIRCI
MEKANIK VENTILATOR PERFORMANSININ Alperen YILMAZ
DEGERLENDIRILMESI AMACIYLA AKIS ANALIZORU Prof. Dr. Akil Birkan
TASARIMI SELCUK
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GALVANIZLI BACA MALZEMELERININ TEK VE CIFT Ahmet Karahan
KATMANLI MEKANiZMALARDA PERFORMANSININ Figen Balo
SIMULASYON TABANLI DEGERLENDIRILMESI 9
CIFT CIDARLI BACA SISTEMLERININ ENERJi ETKINLIGI Ahmet Karahan
ACISINDAN SIMULASYON TABANLI INCELENMESI: Figen Balo
MUSTAKIL KONUTLAR 9
- STRENGTH PROPERTIES OF LOW PLASTICITY CLAY SOILS | Dr. Ogr. Uyesi. Necmi
=) STRENGTHENED BY ADDING OBSIDIAN (A VOLCANIC YARBASI
= GLASS)
> 2
§ <
S =
S 2
~ g
:Il - STIFFENED FLUSH-TYPE MOMENT CONNECTIONS Prof. Dr. Tugrul Talaslioglu
< [
T o
Y—
o
j—
o
FARKLI DEPREM TEHLIKESI VE ZEMIN KOSULLARININ .
ENDUSTRIYEL PREFABRIK BETONARME YAPILARDA Mi:::g SA]!:INCI)QFJX_QE
TEMEL VE KOLON BOYUTLANDIRMASINA ETKISI
) ) o Ingaat Miihendisi
GES TASIYICI SISTEMLERI VE YAPISAL ANALIZI MUTLUHAN KORKMAZ
Prof. Dr. LEVENT SEMiZ
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Yiiksek Lisans Ogrencisi

1 PANDITA KUATERNIYONLARI Sﬁé\]sD[rj REI\S&ELLAH
DERTLI
2 BAZI INTEGRAL OPERATORLERIN GENELLESTIRILMIS Dog. Dr. Sevgi Esen
LEBESGUE NOKTASINDA YAKINSAKLIK HIZI ALMALI
|
< . . . .
< = KOVOLUSYON TIPLI OLMAYAN INTEGRAL Doc. Dr. Sevai Esen
> 2 3 | OPERATORLER AILESININ SUREKLILIK NOKTASINDA avoar e
) YAKINSAKLIK
c
2 |3
% <
~ <)
- 3
wn
< o C Yiiksek Lisans Ogrencisi,
T a 4 RASTGELE ORMAN MODELI ILE 0-55 YAS HASTALARDA Eda EROGLU
8" HASTANE MORTALITESI TAHMINI Dog.Dr. Sahin ISIK
a
Yiiksek lisans 6grencisi
5 Artvin meteoroloji istasyonu verileri ile SPI ve SPEI kuraklik irrgﬂlj Egjzd Ali
analizi Dog. Dr. Ash ULKE
KESKIN
Yiiksek lisans 8grencisi
6 Samsun, Ordu, Tokat meteoroloji istasyonu verileri ile SPEI Onur CELIKKOL
kuraklik analizi Dog. Dr. Asli ULKE

KESKIN
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o ) Yiiksek Lisans Ogrencisi,
GAZALI'NIN NEFS ANLAYISININ MANEVI DANISMANLIK HAVVA NUR SONMEZ
PERSPEK TIFINDEN DEGERLENDIRILMESI Dog. Dr., OMER FARUK
SOYLEV
>
w
-
>.
‘Q
7}
X Yiiksek Lisans Ogrencisi,
L a DIN PSIKOLOJISI LITERATURUNDE NARSISIZM: ZEHRA BETUL TUZUN
% < SISTEMATIK BIR DERLEME Dogent Doktor, OMER
| L FARUK SOYLEV
< x
w L
~
=
3 O )
% g Yiiksek Lisans Orencisi,
% STRESLE BASA CIKMADA DININ ONEMI: DIN PSIKOLOJISI E%ZT%SI\IU‘;IZMIYE
a ACISINDAN SISTEMATIK BiR DERLEME Doc. Dr., OMER FARUK
c SOYLEV
[<5)
On
o
e
TEVEKKUL VE PSIKOLOJIK SAGLAMLIK: DIN PSIKOLOJiST gﬁre“DC:’ 1(\)’[;1:; If:r(uCkAN’
LITERATURUNDE SISTEMATIK BiR DERLEME SO%_E'V
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NONLINEAR DYNAMICAL SYSTEMS ANALYSIS FOR Prof. Dr. Reza Ahmadi
PREDICTING IRREGULAR OSCILLATIONS IN Mohammad Jafari
1 ENGINEERING APPLICATIONS Fatemeh Karimi Assoc.
Prof. Dr. Sara Hosseini
Ali Rezaei

FRACTIONAL CALCULUS MODELS FOR OPTIMIZING HEAT
TRANSFER PROCESSES IN INDUSTRIAL SYSTEMS

2 Leila Bahrami

GRAPH THEORY APPLICATIONS IN QATARI SMART CITY
NETWORK OPTIMIZATION PROBLEMS Dr. Khalid Al-Mansoori
3 Fatima Rahman

Noor Saeed

STOCHASTIC PROCESSES MODELING FOR FINANCIAL

RISK ASSESSMENT IN EMERGING GULF MARKETS Prof. Dr. Ahmed Al-Ketbi

54
8
5
© z 4 Hana Al-Din
- 3 Omar Faisal
S
9 ] DIFFERENTIAL EQUATIONS SOLUTIONS FOR A Prof. Dr. Amad
< E POPULATION DYNAMICS IN SENEGALESE ECOSYSTEMS SSOC. Frot. Dr. Amadou
) 5 Ndiaye
- — Fatou Sow
j D Moustapha Diop
«
% E NUMERICAL METHODS FOR SOLVING PARTIAL
D‘_ DIFFERENTIAL EQUATIONS IN COASTAL EROSION Dr. Aissatou Diallo
S :
2 6 SO Ibrahima Kane
"
<
TOPOLOGICAL DATA ANALYSIS FOR ETHIOPIAN
AGRICULTURAL CROP YIELD PREDICTION MODELS Prof. Dr. Tadesse Alemu
7 Meron Getachew
Dawit Yohannes
FUZZY LOGIC SYSTEMS FOR OPTIMIZING WATER Assoc. Prof. Dr. Selamawit
RESOURCE MANAGEMENT IN ETHIOPIAN HIGHLANDS Tesfay}e T
8 Abel Fikadu
Liya Berhanu
COMBINATORIAL OPTIMIZATION ALGORITHMS FOR
ETHIOPIAN TRANSPORTATION NETWORK DESIGN Dr. Fitsum Assefa
9 Nigusie Belay

Eyerusalem Tadesse
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DEEP LEARNING MODELS FOR PERSIAN HANDWRITING Prof. Dr. Reza Jalali
RECOGNITION IN HISTORICAL ARCHIVES Soraya Mahmoudi
Ali Karimi
Fatemeh Hosseini
FEDERATED LEARNING FRAMEWORKS FOR PRIVACY-
PRESERVING MEDICAL IMAGE ANALYSIS IN IRAN Assoc. Prof. Dr. Hassan
Tavakoli
Leila Ahmadi
Mohammad Rezaei
AI-DRIVEN TRAFFIC MANAGEMENT SYSTEMS FOR DOHA
SMART CITY INFRASTRUCTURE Dr. Khalid Al-Mansoori
~ c Fatima Rahman
=z G Noor Al-Hashimi
@) c
| = NATURAL LANGUAGE PROCESSING FOR ARABIC Prof. Dr. Ahmed Al-Ketbi
< < DIALECT SENTIMENT ANALYSIS IN QATAR ror. Dr. Ahme etol
9] = Sara Hassan
: & Omar Salem
3:' L: MACHINE LEARNING APPLICATIONS FOR CROP YIELD
T o) PREDICTION IN SENEGALESE PEANUT FARMS Assoc. Prof. Dr. Awa Diop
Mamadou Ndiaye
Fatou Sow
COMPUTER VISION SYSTEMS FOR WILDLIFE
MONITORING IN SENEGAL NATIONAL PARKS Dr. Cheikh Thiam
Aminata Diallo
Ibrahima Ba
AI-ENABLED EARLY WARNING SYSTEMS FOR LOCUST
SWARMS IN ETHIOPIAN AGRICULTURE Prof. Dr. Tadesse Alemu
Eleni Getachew
Dawit Yohannes
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EARTHQUAKE-RESISTANT MASONRY STRUCTURES Prof. Dr. Ahmed EI-Sayed
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ABSTRACT

Introduction

The advent of antiretroviral therapies (ART) has precipitated a paradigm shift in the
management of HIV-associated infections. The present study was thus initiated with the
objective of evaluating the adverse side effects identified among patients treated in a tertiary
hospital centre, in Albania.

Methods

This retrospective study included patients under regular follow-up at the National Center,
specifically the HIV/AIDS outpatient clinic, which is located adjacent to the Infectious Diseases
Hospital at the Mother Teresa University Hospital Center in Tirana. The responses were entered
into an Excel database and then analyzed using SPSS, version 26.0. Statistical data were
presented using descriptive statistics in the form of frequencies, mean, and standard deviation
(X £5).

Results

A total of 68 patients were analyzed who were treated at the National Center, at the HIV/AIDS
outpatient clinic, Tirana. The average age of the patients was 47.5£7.9, with a minimum age of
22 years and a maximum age of 72 years. Poor adherence was reported in 14.7% of cases, while
acceptable adherence was recorded in 26.5%. As per the treatment regimen administered to the
patients in this study, 16.2% of subjects reported adverse effects, including nausea, vomiting,
diarrhea, abdominal pain, fatigue, hypersensitivity, neutropenia, and mitochondrial toxicity
from NRTIs., 10.3% from NNRTIs, while 7.3% from integrase inhibitors.

Conclusion

The present study utilised self-report as a means of assessing adherence, thereby demonstrating
a moderate prevalence of medication adherence. The suboptimal adherence to HAART that was
observed in this study necessitates the implementation of urgent interventions aimed at
enhancing adherence.

Keywords: Adherence, HIV/AIDS, side effects, antiretroviral, patients
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Introduction

In recent years, the advent of antiretroviral therapies (ART) has precipitated a paradigm shift
in the management of HIV-associated infections. The application of these medications has not
only significantly improved the life expectancy of these individuals, but has also reduced AIDS-
related mortality [1]. In addition to the benefits that these treatments have provided, there is still
much to be done regarding the side effects that some of them cause in these patients [2]. It has
been documented that approximately 25% of patients discontinue their initial highly active
antiretroviral therapy (HAART) regimen due to treatment failure (inability to suppress HIV
viral replication below the current limit of detection, 50 copies/mL), toxic effects, or non-
compliance with instructions within the first 8 months of therapy [3]. However, recent
advancements in the field of antiretroviral therapy (ART) have led to the development of
regimens that are associated with a reduced incidence of both serious and intolerable side
effects. Despite the development of novel antiretroviral agents, which has led to enhanced
treatment effectiveness, significant challenges persist in the management of adverse effects
caused by these medications in diverse organisms [4,5]. Antiretroviral therapy is comprised of
six classes of drugs. The categorisation of these pharmaceutical agents is typically based on the
stage of the HIV life cycle that they are able to inhibit. The most common combinations are
constituted of two nucleoside reverse transcriptase inhibitors (NRTIs) and one non-nucleoside
reverse transcriptase inhibitor (NNRTI), in conjunction with a protease inhibitor (PI) or an
integrase inhibitor (1) [6,7].

Antiretroviral therapies have been demonstrated to engender a wide range of adverse effects on
the human body. The most common but mild adverse effects that occur early in most
antiretroviral regimens include various gastrointestinal problems such as bloating, nausea, and
diarrhea, which can often be transient or may persist throughout therapy [5]. It is important to
note that other common adverse effects of concern include fatigue and headaches, as well as
anxiety. Some of the more uncommon but serious adverse effects associated with antiretroviral
therapy include anaemia, peripheral neuropathy, toxicity, and hypersensitivity reactions.
However, the subtle and serious nature of other adverse effects, including lactic acidosis,
hepatic steatosis, hyperlactatemia, hepatotoxicity, hyperglycemia, fat maldistribution,
hyperlipidemia, bleeding disorders, osteoporosis, and rash, required a further evaluation [6—
13]. However, the short- and long-term complications of ART may be underestimated for two
main reasons. Firstly, most clinical trials use specific inclusion criteria that exclude individuals
with certain underlying medical conditions. Secondly, the duration of follow-up of participants
is relatively short (generally 2—4 years) [14]. The present study was thus initiated with the
objective of evaluating the adverse side effects identified among patients treated in a tertiary
hospital centre in Albania

Methodology

This retrospective study included patients under regular follow-up at the National Center,
specifically the HIV/AIDS outpatient clinic, which is located adjacent to the Infectious Diseases
Hospital at the Mother Teresa University Hospital Center in Tirana.

The objective of this study is to collect quantitative data in order to identify adverse side effects
of different antiretroviral classes in HIV-positive patients. A comprehensive data set was
collected, encompassing socio-demographic information, medical histories, and laboratory
examinations. This was complemented by a detailed review of observed side effects. In the
section pertaining to socio-demographic characteristics, the following variables were included:
age, gender, residential status and family structure. The clinical data set under consideration
included the year of diagnosis, HIV/AIDS status, initiation of antiretroviral therapy (ART), and
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the presence of co-infections. It is imperative to note that laboratory data encompasses any
analysis conducted during the presentation to the centre for each patient. With regard to the
occurrence of adverse effects, the nature of these has now been ascertained. The laboratory
assessment was conducted subsequent to the collection of blood samples, followed by the
measurement of viral load and the assessment of T-cell subsets. The study was approved by the
Ethics Board of the University of Medicine in Tirana.

Statistical analysis

The responses were entered into an Excel database and then analyzed using SPSS, version 26.0.
Statistical data were presented using descriptive statistics in the form of frequencies, mean, and
standard deviation (X % 5s).

Results and Discussion

Antiretroviral treatments have been shown to have a significant impact on the reduction of
AIDS-related morbidity and mortality [3]. However, various studies have indicated that
approximately one quarter of patients discontinue their initial regimen due to poor adherence
to the prescribed medication, treatment failure related to the inability to suppress HIV viral
replication below the current limit of detection (20 copies/ml), and toxic effects or non-
compliance within the first eight months of therapy [15-17].

Despite the significant progress in the development of novel antiretroviral agents, considerable
challenges persist in optimizing the efficacy of existing treatments and in comprehending and
managing adverse effects [17].

A total of 68 patients were analyzed who were treated at the National Center, at the HIV/AIDS
outpatient clinic, Tirana. The average age of the patients was 47.5£7.9, with a minimum age of
22 years and a maximum age of 72 years. The most predominant part of them are men 66.2%
compared to women 33.8%. Most of them were married 66.2% and 50% were in a working
relationship. Also, about 44.1% had a significant income of 50,001-100,000 lek and about
70.6% of them resulted in a BMI level of 16-18.45 (Table 1).

Table 1. Epidemiological data of patients treated with ARV

Variables Categories Frequency ! Percentage
Age Mean, StD 475+12.9
Gender Female 23 33.8
Male 45 66.2
Residence Area | Urban 52 765 |
Rural 16 235 |
Maital Status Single 11 16.2
Cohabitation 5 7.3
Married 45 66.2
Divorced or Widowed 7 10.3
Employment Unemployed 19 28
Status Part-time employee 5 7.3
Full-time employee 34 50
Invalid 7 10.3
Retiree 3 4.4
Family Income <20.000 leké 8 11.8
Level 20.001-50.000 leké 21 30.9
50.001-100.000 leké 30 441
>100.0001 leké 9 13.2
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Body Mass Index | <16 4 6.9
(BMI) 16-18.45 48 70.6
18.2-28 16 23.5

Regarding the clinical characteristics of the patients, we emphasize that a considerable number
have been diagnosed in this last decade with an average time of 7.2+3.4 years. Treatment has
been immediate for most patients in 85.3% of cases and only 11.8% have started it after a few
months, while 2.9% have started it a little later after one or two years. Likewise, the presence
of co-infections is noted in 80.9% of cases and the CD4 level above 200 is noted for most
patients in 69.1% of them. The viral load has a range from <34- 2.4x107, as a result the treatment
regimen has been changed in 54.4% of cases.

Table 2. Data on clinical characteristics of patients

Variables Categories Frequency | Percentage

How long has he/she | Mean, StD 7.2+3.4

been diagnosed with

HIV

When did he/she start | Immediately 58 85.3

treatment (relative to | After a few months 8 11.8

the time of diagnosis) | After a few years 2 2.9

Co-infection Yes 55 80.9
No 13 19.1

CDA4 level <200 21 30.9
>200 o 47 69.1

Viral load at the | Interval [<20- 2.4*107]

beginning of treatment

Treatment regimen Replacement 37 54.4
Un replacement 31 45.6

Treatment adherence | Very good 10 14.7
Good 30 44.1
Acceptable 18 26.5
Poor adherence 10 14.7

Antiretroviral Yes 7 10.3

Therapies Toxicity No 61 89.7

Despite the fact that only 68 HIV-positive patients were included in the study, adherence levels
were found to be suboptimal in a significant proportion of the sample. Poor adherence was
reported in 14.7% of cases, while acceptable adherence was recorded in 26.5%. This level of
adherence to the prescribed medications is noteworthy, particularly given that the study
population consists exclusively of patients who presented to the centre during the study period.
This may result in an even higher number of adherents among those who were unable to present
themselves at the clinic during the same study period. However, the present study demonstrated
a significantly lower level of adherence when compared to the findings of other studies, which
have estimated an adherence prevalence between 55% and 95% [18-20]. It is important to note
that the marked discrepancy observed in the present study when compared with other research
may be attributable to geographical location, lifestyle, socioeconomic status, and the
methodology employed to define and measure medication adherence in patients enrolled in
different studies.
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Regarding the treatment regimens of these patients, we have presented in the table below a
distribution of side effects. The highest number of side effects is observed for NRTIs treatment
(Table 3).

Table 3. Adverse effects associated with HIV treatment

The following adverse effects associated with HIV treatment: | Frequency | Percentage

NRTIs: Hypersensitivity, neutropenia, mitochondrial toxicity, 11 16.2
nausea, vomiting, diarrhea, abdominal pain, fatigue, etc

NNRTIs: Allergic reactions, headache, sleep disturbance, mood 7 10.3
changes, etc.

Integrase inhibitors: Allergic hypersensitivity reaction, rash, 5 7.3

dark-colored urine, diarrhea, flatulence, nausea and vomiting, loss
of appetite, abnormal dreams, etc.

The management of HIV-positive individuals is predicated on a protocol, wherein all patients
are monitored for their adherence and the progression of both the primary condition and any
adverse effects. One of the classes of drugs utilised in the treatment of HIV infection is that of
nucleoside reverse transcriptase inhibitors (NRTIs), which constitute the central axis of
antiretroviral treatment. Typically, two NRTIs are combined with one drug from each of the
remaining two classes: non-nucleoside reverse transcriptase inhibitors (NNRTIs) and integrase
inhibitors (11) [21-23]. According to Murugesan et al (2020), combination therapy is utilised in
such cases for protracted periods, which can consequently precipitate long-term complications,
including toxicity, drug interactions and elevated treatment expenses. As per the treatment
regimen administered to the patients in this study, 16.2% of subjects reported adverse effects,
including nausea, vomiting, diarrhea, abdominal pain, fatigue, hypersensitivity, neutropenia,
and mitochondrial toxicity from NRTIs. Additionally, 10.3% of subjects experienced allergic
reactions from NNRTIs, while 7.3% encountered side effects such as allergic hypersensitivity
reactions, rash, dark-coloured urine, diarrhea, flatulence, nausea, vomiting, loss of appetite, and
abnormal dreams from Il. The present findings are consistent with those of other studies [24-
26].

Conclusion

The present study utilised self-report as a means of assessing adherence, thereby demonstrating
amoderate prevalence of medication adherence. The suboptimal adherence to HAART that was
observed in this study necessitates the implementation of urgent interventions aimed at
enhancing adherence.
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OZET

Amag: Acil servise basvuran ve gastroenteroloji konsiiltasyonu istenen hastalarin demografik
ozellikleri, basvuru sekilleri, konsiiltasyon nedenleri, ¢ikis sekilleri ve temel laboratuvar
bulgularin1 inceleyerek, acil serviste gastroenteroloji konsiiltasyonlarina iliskin egilimleri

ortaya koymak.

Yontem: 1 Ocak 2020 — 31 Agustos 2023 tarihleri arasinda bir {iniversite hastanesi acil
servisinde gastroenteroloji bolumine konsllte edilen hastalarin verileri retrospektif olarak
incelendi. Hastalarin yasi, cinsiyeti, acil servise gelis sekli (112 ambulans ile veya kendi
imkanlariyla), konsiiltasyon istem notlari, acil servisteki nihai ¢ikis durumu (yatis, taburcu,
exitus) ve mevcutsa temel laboratuvar degerleri (hemogram, biyokimya, INR, APTT,

trombosit) analiz edildi. Tanimlayici istatistikler yiizde dagilimlar ile sunuldu.

Bulgular: Belirtilen donemde toplam 2433 adet acil servis bagvurusu gastroenteroloji
konsiiltasyonu almis olup, hastalarin yas medyani1 70 (20-107) yas, %53’ erkekti. Hastalarin
%37’si ambulansla (112) getirilmis, %63’ii ayaktan bagvurmustu. Konsiiltasyon istem notlarina
gore en sik bagvuru nedenleri list gastrointestinal sistem kanama bulgular1 (hematemez,
melena), siddetli karin agris1 (6r. akut pankreatit siiphesi) ve kronik karaciger hastaligi
komplikasyonlar1 (Or. varis kanamasi, hepatik ensefalopati) olarak saptandi. Acil serviste
gastroenteroloji konstiltasyonu sonrasi hastalarin %63 line hastaneye yatis onerildi (vakalarin
cogu Gastroenteroloji servisine, %7’si Yogun Bakim Unitesine kabul edildi). Kalan %37’si acil
servisten tedavi ile taburcu edildi; acil servis slrecinde mortalite (exitus) izlenmedi.

Laboratuvar incelemesinde vakalarin yaklasik yarisinda hemoglobin degerinin 10 g/dL’nin
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altinda oldugu goriilmiis olup, trombosit sayilar1 ve INR/APTT gibi koagiilasyon parametreleri

cogunlukla normal sinirlar i¢inde seyretti.

Sonug: Acil serviste gastroenteroloji konsiiltasyonu gerektiren hastalarin ileri yas agirlikli bir
popiilasyondan olustugu ve 6nemli bir boliimiiniin ciddi klinik tablolar nedeniyle hastaneye
yatig gerektirdigi gdzlemlendi. Bu veriler, acil serviste gastroenterolojik acillerin yonetiminde
uzman konsiiltasyonunun kritik 6nem tasidigini ve 6zellikle GIS kanamalari ile pankreatit gibi

durumlarin hizli tan1 ve tedavisinde multidisipliner yaklagimin gerekliligini vurgulamaktadir.

Anahtar Kelimeler: Gastroenteroloji Konsultasyonu, Acil Servis, Gastrointestinal Kanama
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ABSTRACT

Objective: To evaluate the demographic characteristics, modes of presentation, consultation
indications, discharge outcomes, and basic laboratory findings of patients presenting to the
emergency department (ED) who required gastroenterology consultation, and to identify trends
related to gastroenterology consultations in the ED.

Methods: The data of patients who were consulted to the Department of Gastroenterology in a
university hospital emergency department between January 1, 2020 and August 31, 2023 were
retrospectively analyzed. Patient age, sex, mode of arrival to the ED (via emergency medical
services [112 ambulance] or self-presentation), consultation request notes, final ED disposition
(hospitalization, discharge, or death), and available basic laboratory parameters (complete
blood count, biochemistry, INR, APTT, platelet count) were evaluated. Descriptive statistics

were presented as percentage distributions.

Results: During the study period, a total of 2,433 emergency department visits received
gastroenterology consultation. The median age of patients was 70 years (range: 20-107), and
53% were male. Of the patients, 37% arrived by ambulance (112), while 63% presented on their
own. According to consultation request notes, the most common indications were signs of upper

gastrointestinal bleeding (hematemesis, melena), severe abdominal pain (e.g., suspected acute
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pancreatitis), and complications of chronic liver disease (e.g., variceal bleeding, hepatic
encephalopathy). Following gastroenterology consultation in the ED, hospitalization was
recommended for 63% of patients (the majority admitted to the Gastroenterology ward, and 7%
to the Intensive Care Unit). The remaining 37% were discharged after treatment in the ED. No
mortality (exitus) occurred during the ED stay. Laboratory evaluation revealed that
approximately half of the patients had hemoglobin levels below 10 g/dL, while platelet counts

and coagulation parameters (INR/APTT) were mostly within normal limits.

Conclusion: Patients requiring gastroenterology consultation in the emergency department
predominantly consisted of an elderly population, and a significant proportion required
hospitalization due to serious clinical conditions. These findings highlight the critical
importance of specialist consultation in the management of gastroenterological emergencies in
the ED and emphasize the necessity of a multidisciplinary approach, particularly in conditions
such as gastrointestinal bleeding and acute pancreatitis, where rapid diagnosis and treatment

are essential.

Keywords: Gastroenterology Consultation, Emergency Department, Gastrointestinal Bleeding
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OZET

Meme kanseri, kadinlarda en yaygin goriilen malignitelerden biri olup; kontrolsiiz hiicre
proliferasyonu, apoptozdan kagis ve invazyon gibi siireclerle karakterizedir. Mevcut tedavi
yaklagimlariin sinirlt etkinligi ve sistemik yan etkileri, daha segici ve diisiik toksisiteli
alternatiflerin arastirilmasini gerekli kilmaktadir. Bu baglamda, dogal biyoaktif bilesikler ¢coklu
hiicresel yolaklar1 hedefleyebilmeleri nedeniyle dikkat cekmektedir. Bu calisma, Nigella sativa
kokenli Timokinon ile metil donérii 6zelligi tasiyan Betainin, tek basina ve kombinasyon
halinde, MCF-7 meme kanseri hiicre hattindaki antikanser etkilerini degerlendirmeyi
amaglamistir. Molekiiler diizeydeki etkiler ELISA analizleri ile incelenmis; 6zellikle apoptozla
iliskili Kaspaz-8 ve Kaspaz-9 protein diizeylerinde tiim tedavi gruplarinda, kontrol grubuna
kiyasla son derece anlamli artislar (p <0.001) gozlenmistir. S6z konusu pro-apoptotik
proteinlerin aktivasyonundaki bu belirgin artig, hiicresel 6liim sinyallerinin her iki yolakta da
es zamanh tetiklendigini dogrulamaktadir. Bu artisin kombinasyon grubunda en yiiksek
seviyede olmasi hem intrinsik hem de ekstrinsik apoptotik yolaklarin sinerjik olarak aktive
edildigine isaret etmektedir. Buna ek olarak, MMP-2 protein diizeylerinde gozlenen artis,
kombinasyon tedavisinin hiicresel invazyonla iligkili mekanizmalar iizerindeki etkisinin ¢ok
yonlii ve baglama bagimli olabilecegini ortaya koymaktadir. Bu bulgu, antikanser etkinlik ile
invaziv yanitlar arasindaki iligkinin daha ileri diizeyde arastirilmasi gerektigine isaret
etmektedir. Sonug¢ olarak, timokinon ve betain kombinasyonunun meme kanseri hiicrelerinde
apoptotik yolaklar1 gii¢lii sekilde aktive ettigi ve ¢oklu molekiiler mekanizmalar {izerinden
sinerjistik etki olusturdugu gosterilmistir. Elde edilen bulgular, bu kombinasyonun potansiyel
bir tamamlayic1 tedavi stratejisi olarak degerlendirilmesine yonelik ileri in vitro ve in vivo
caligmalar i¢in temel olusturmaktadir. Sonug olarak elde edilen bulgular, Timokinon ve Betain
kombinasyonunun meme kanseri hiicrelerinde ¢oklu mekanizmalar iizerinden giiglii bir
antikanser sinerji yarattigini ve diistik toksisite profiliyle yenilik¢i bir tamamlayic strateji aday1
olarak yiiksek terapotik potansiyel tasidigini kanitlamaktadir. Bu veriler, s6z konusu
kombinasyonun in vivo modellerde ileri diizeyde arastirilmasi icin giiglii bir temel
olusturmaktadir.

Anahtar Kelimeler: Meme Kanseri, Timokinon, Betain, Apoptoz, Sitotoksisite
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SUMMARY

Breast cancer is one of the most common malignancies in women and is characterized by
processes such as uncontrolled cell proliferation, evasion of apoptosis, and invasion. The
limited efficacy and systemic side effects of current treatment approaches necessitate the
investigation of more selective and less toxic alternatives. In this context, natural bioactive
compounds have garnered attention due to their ability to target multiple cellular pathways.
This study aimed to evaluate the anticancer effects of Thymochinone, derived from Nigella
sativa, and Betaine, which possesses methyl-donor properties, both individually and in
combination, on the MCF-7 breast cancer cell line. Molecular-level effects were examined via
ELISA analyses; notably, extremely significant increases (p <0.001) in the levels of apoptosis-
related Caspase-8 and Caspase-9 proteins were observed in all treatment groups compared to
the control group. This marked increase in the activation of these pro-apoptotic proteins
confirms that cellular death signals were triggered simultaneously in both pathways. The fact
that this increase was highest in the combination group indicates that both the intrinsic and
extrinsic apoptotic pathways were synergistically activated. In addition, the observed increase
in MMP-2 protein levels suggests that the effect of the combination therapy on mechanisms
associated with cellular invasion may be multifaceted and context-dependent. This finding
indicates that the relationship between anticancer activity and invasive responses requires
further investigation. In conclusion, it has been demonstrated that the combination of
thymokinon and betaine strongly activates apoptotic pathways in breast cancer cells and
produces a synergistic effect through multiple molecular mechanisms. The findings provide a
foundation for further in vitro and in vivo studies aimed at evaluating this combination as a
potential complementary treatment strategy. In conclusion, the findings demonstrate that the
combination of timokinon and betaine creates a potent anticancer synergy in breast cancer cells
through multiple mechanisms and possesses high therapeutic potential as an innovative
complementary strategy candidate with a low toxicity profile. These data provide a strong
foundation for further investigation of this combination in in vivo models.

Keywords: Breast Cancer, Thymokinon, Betaine, Apoptosis, Cytotoxicity
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1. GIRIS

Meme kanseri, kadinlarda en sik goriilen malignitelerden biri olup, kontrolsiiz hiicre
proliferasyonu, apoptozdan kagis ve metastaz gibi kompleks biyolojik siire¢lerle karakterizedir
(Hanahan, 2022; Momenimovahed & Salehiniya, 2019). Geleneksel tedavi yontemleri olan
kemoterapi ve radyoterapi, etkinliklerine ragmen ciddi yan etkilerle sinirlidir. Bu nedenle, dogal
biyoaktif bilesiklerin antikanser potansiyelinin arastirilmasi, daha giivenli ve hedefe yonelik
tedavi stratejilerinin gelistirilmesi agisindan 6nem tagimaktadir (Sharma et al., 2024).

Timokinon (TQ), Nigella sativa’dan elde edilen ve antikanser, antioksidan ve
antiinflamatuar 6zellikler gosteren bir bilesik olup, apoptozu indiikleyerek timor biiyiimesini
baskilayabilmektedir (Homayoonfal et al., 2021). Betain ise tek karbon metabolizmasini
diizenleyen, gen ekspresyonunu etkileyen ve inflamasyonu baskilayan dogal bir bilesik olarak
kanser tedavisinde potansiyel bir ajan olarak degerlendirilmektedir (Hassan et al., 2025).

Bu ¢alisma, timokinon ve betain kombinasyonunun MCF-7 meme kanseri hiicre hattinda
apoptotik etkilerini incelemeyi amaglamaktadir.

2. DENEYSEL CALISMALAR

2.1.Hiicre Kiiltiirii ve Deney Gruplar:

Hiicre kiiltirii, canli dokulardan elde edilen hiicrelerin laboratuvar ortaminda, in vitro
kosullarda, canliliklarini ve fonksiyonlarini siirdiirebilme yetenegine dayanmaktadir; bu siirecte
hiicrelerin bdliinme, ¢ogalma ve metabolik aktivitelerini siirdiirebilmesi i¢in gerekli kosullar
saglanir. MCF-7 insan meme kanseri hiicreleri, diisiik glikozlu Dulbecco’nun Modifiye Edilmis
Eagle Ortami1 (DMEM) i¢inde %1 glutamin, %10 fetal sigir serumu (FBS) ve %1 penisilin-
streptomisin karigimi ile beslenmistir (El-Far et al., 2021). MCF-10A hiicre hatt1 ise Complete
DMEM F-12 besi yerinde, DMEM F-12, at serumu, EGF, hidrokortizon, %5 kolera toksini,
insiilin ve penisilin i¢eren bir ortamda hazirlanmistir (Juarez-Cruz et al., 2022). Hidrokortizon
50 ml DMEM F-12 igerisinde 0,0005 mg olarak ¢6ziiliirken; EGF, protokole gore 0,1 mg/ml’lik
¢ozelti hazirlanmig ve stoklanmustir. Insiilin 50 ml complete DMEM F-12 i¢in 0,001 mg olacak
sekilde ¢oziilmiis, kolera toksini 0,5 mg igerikli {iriin 500 pl PBS ile ¢oziilerek stoklanmis ve at
serumu %35 final hacimde eklenmistir; son olarak, penisilin de uygun miktarda DMEM F-12
ortamina ilave edilmistir.

MCF-7 ve MCF-10A hiicreleri, 1x10° hiicre/ml yogunlugunda T25 siselere ekilerek %5
CO:2 ve 37°C’de inkiibe edilmis, besiyeri haftada iki kez tazelenmistir. Hiicreler %75-80
doluluga ulastiginda pasajlanmis ve uzun siire saklanmalari i¢in 6zel dondurma soliisyonuyla
viyallere aktarilmistir (%70 hiicre siispansiyonu, %20 FBS, %10 DMSO) ve -86 °C’de Mr.
Frosty Freezing Container’da 24 saat bekletildikten sonra -86°C’ye alinmistir.
Kullanilacaklarinda, viyaller hizli sekilde c¢ozdiiriilmiis, lizerine uygun besiyeri eklenip
santrifiijlenmis ve pelet tekrar T25 flaska aktarilmis, 24 saat inkiibe edilerek hiicrelerin saglikli
sekilde kullanima hazir olmasi saglanmistir. Timokinon ve betain maddeleri asagidaki tabloya
gore gruplara uygulanmaistir;
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Cizelge 1. Deney Plam

Grup numarasi Grup Ad1
Grup I MCEF-7
Grup II MCF-7 + Timokinon
Grup III MCF-7 + Betain
Grup IV MCF-7 + Timokinon + Betain
Grup V MCF-7 + Dosetaksel
Grup VI MCEF-7 + DMSO
Grup VII MCF-10A
Grup VIII MCF-10A + Timokinon
Grup IX MCF-10A + Betain
Grup X MCF-10A + Timokinon + Betain
Grup XI MCF-10A + Dosetaksel
Grup XII MCF-10A + DMSO

2.2.ELISA Analizi ile Apoptotik Belirteclerin Degerlendirilmesi

MCF-7 ve MCF-10A hiicreleri tripsinizasyon ile flasklardan ayrilip 1500 rpm’de
santrifiijlenerek siipernatan ve tripsin tamamen uzaklastirilmis, pelet PBS ile siispanse edilip 3
kez dondur-¢6z ve ultrasonik parcalama islemi uygulanarak hiicre lizat1 elde edilmistir; MMP-
2 i¢in siipernatant, Kaspaz-8 ve Kaspaz-9 icin lizat temiz ependorflara aktarilip -80 °C’de
saklanmistir. Numuneler ve reaktifler oda sicakligina getirildikten sonra, standartlar farkli
konsantrasyonlarda hazirlanip 96 kuyucuklu plakalara standart, numune ve kor kuyucuklar
eklenerek ELISA prosediirii uygulanmigtir: antibodi ve streptavidin-HRP eklenmis, 60 dk
37 °C’de inkiibe edilmis, 5 kez yikanmis ardindan substrat ¢ozeltileri eklenerek 10 dk karanlikta
inkiibe edildikten sonra Stop ¢ozeltisi ile renk gelisimi durdurulmustur. Optik yogunluk 450
nm’de mikroplate okuyucu ile 6l¢iilmiistiir.
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3. SONUCLAR VE DEGERLENDIiRME
Elde edilen bulgular, asagida sunulan grafikler araciliiyla detaylandirilmistir.
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Gorsel 1. MCF-7 Hiicrelerinde MMP-2 Proteininin, Kontrol Grubu ile Deney Gruplar:
Arasindaki Degisiminin Karsilastirilmasi

TQ, Betain ve TQ+Betain tedavileri kontrolle karsilastirildiginda MMP-2 seviyelerinde
yiiksek diizeyde anlamli artis gdstermistir (***p <0.001), DTX uygulamasi da kontrolle
kiyaslandiginda anlamli artig saglamistir. Ancak tedavi gruplar birbirleriyle ve DTX ile
karsilastirildiginda farklar istatistiksel olarak anlamli bulunmamistir (ns). Bu sonuglar, TQ,
Betain ve 6zellikle TQ+Betain kombinasyonunun MCF-7 hiicrelerinde MMP-2 ekspresyonunu
artirdigin1 gostermektedir. (***: p <0.001; **: p <0.01; ns: anlamli degil)
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Gorsel 2. MCF-10A Hiicrelerinde MMP-2 Proteininin, Kontrol Grubu ile Deney Gruplari
Arasindaki Degisiminin Karsilastirilmasi

TQ, Betain ve TQ+Betain tedavileri kontrolle karsilastirildiginda MMP-2 seviyelerinde
anlamh artis gostermistir (***p <0.001), DTX pozitif kontrolde benzer etki gdzlenmistir.
Ancak DTX, TQ ve TQ+Betain ile karsilastirildiginda anlaml fark olusturmamaistir (ns). En
yiksek MMP-2 artist TQ+Betain kombinasyonunda gézlenmistir. Bu bulgular, uygulanan
maddelerin MCF-10A hiicrelerinde MMP-2 ekspresyonunu farkli oranlarda artirdigini
gostermektedir. (***: p <0.001; **: p <0.01; ns: anlaml degil)
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Gorsel 3. MCF-7 Hiicrelerinde Kaspaz-8 Proteininin, Kontrol Grubu ile Deney Gruplar
Arasindaki Degisiminin Karsilastirilmasi

Tim tedavi gruplar kontrolle karsilastirildiginda Kaspaz 8 seviyelerinde anlamli artis
gostermistir (***p <0.001). En yiiksek artis TQ+Betain kombinasyonunda gozlenmis olup, bu
kombinasyon TQ, Betain ve DTX gruplarina kiyasla istatistiksel olarak yiiksek diizeyde anlaml1
fark yaratmistir (***p <0.001). Bu sonuglar, uygulanan tedavilerin MCF-7 hiicrelerinde Kaspaz
8 ekspresyonunu farkli oranlarda artirdigini ortaya koymaktadir. (***: p <0.001; **: p <0.01;
ns: anlaml degil)
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Gorsel 4. MCF-10A Hiicrelerinde Kaspaz-8 Proteininin, Kontrol Grubu ile Deney Gruplari
Arasindaki Degisiminin Karsilastirilmasi

MCF-10A saglikli meme hiicre hattinda tiim tedavi gruplar1 kontrolle
karsilastirildiginda Kaspaz 8 seviyelerinde anlamli artig gostermistir (***p <0.001). En yiiksek
artis DTX uygulamasinda gézlenmis olup, TQ, Betain ve TQ+Betain ile karsilastirildiginda
istatistiksel olarak yiiksek diizeyde anlamli bulunmustur. Bu sonuglar, uygulanan maddelerin
MCF-10A hiicrelerinde Kaspaz 8 ekspresyonunu farkli oranlarda artirdigin1 gostermektedir.
(***: p <0.001; **: p <0.01; ns: anlaml degil)
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Gorsel 5. MCF-7 Hiicrelerinde Kaspaz-9 Proteininin, Kontrol Grubu ile Deney Gruplari

Arasindaki Degisiminin Karsilastirilmasi

Tiim tedavi gruplar1 kontrolle karsilastirildiginda Kaspaz 9 seviyelerinde anlamli artig
gostermistir (***p <0.001), en belirgin artis TQ+Betain kombinasyonunda gozlenmistir. TQ
grubu ile Betain ve DTX gruplarn arasindaki farklar ise istatistiksel olarak anlamli
bulunmamistir. Bu sonuglar, uygulanan maddelerin MCF-7 hicrelerinde Kaspaz 9
ekspresyonunu farkli oranlarda artirdigini ortaya koymaktadir. (***: p <0.001; **: p <0.01;

ns: anlaml degil)
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Gorsel 6. MCF-10A Hiicrelerinde Kaspaz-9 Proteininin, Kontrol Grubu ile Deney Gruplar
Arasindaki Degisiminin Karsilastirilmasi

MCF-10A saglhikli meme hiicre hattinda tim tedavi gruplari kontrolle
karsilastirildiginda Kaspaz 9 seviyelerinde anlamli artis gostermistir (***p <0.001), en yiksek
artis DTX uygulamasinda goriilmiistiir. TQ, Betain ve TQ+Betain gruplar arasinda ise farklar
istatistiksel olarak anlamli bulunmamistir. Bu sonuglar, uygulanan maddelerin saglikl
hiicrelerde Kaspaz 9 ekspresyonunu artirdigini géstermektedir (***: p <0.001; **: p <0.01;
ns: anlamh degil)

4. GENEL DEGERLENDIRME VE SONUCLAR

Mevcut calismada, MCF-7 hiicre hattinda TQ, Betain, TQ+Betain kombinasyonu ve DTX
uygulamalarinin MMP-2 ekspresyon diizeyleri iizerindeki etkileri degerlendirilmistir. MMP-2
diizeylerinde gozlenen artis, kombinasyon tedavisinin invazyonla iliskili molekiiler yanitlar
iizerinde karmasik ve baglama bagiml etkiler olusturabilecegini diisiindiirmektedir. Bu durum,
apoptotik siireglerin aktivasyonu ile invaziv mekanizmalar arasindaki olas1 ¢gapraz konugmanin
daha ileri diizeyde arastirilmasini gerekli kilmaktadir. Kombinasyon tedavisinin MMP-2
seviyelerini yiikselterek invazyon ve metastaz potansiyelini tetikleme riski, timor progresyonu
baglaminda kanser tedavisinde istenmeyen sonuglara yol acgabilecegi icin dikkatle
incelenmelidir. Literatiirdeki calismalarla (Kulthanaamondhita et al., 2024; Unal et al., 2020;
Zhang et al., 2020) uyumsuzluk gosteren bu MMP-2 sonuglarinin hiicre hattina 6zgii yanitlar,
doz bagimh etkiler ve deneysel kosullardaki farkliliklardan kaynaklaniyor olabilecegi akla
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gelmektedir. Bu nedenle, s6z konusu sonuglarin farkli hiicre modelleri ve ileri diizey deneysel
yaklagimlar ile dogrulanmasi 6nem arz etmektedir.

Bu calismada, TQ, Betain ve TQ+Betain uygulamalarinin meme kanseri hiicrelerinde
Kaspaz yolaklar iizerindeki etkisi incelenmistir. Bulgular hem tek basina hem de kombine
halde uygulamanin apoptoza aracilik eden Kaspaz-8 ve Kaspaz-9 aktivitelerini artirdigini
gostermektedir. Literatlir verileri, Kaspaz aktivitesindeki artigin tiimér kombie apoptozu
tetikleyerek hiicre 6liimiinii destekledigini ortaya koymakta olup (Abd-Rabou et al., 2021; Chae
et al., 2020; El-Far et al., 2022), mevcut sonuglar bu verilerle uyumludur. Ozellikle TQ+Betain
kombinasyonu Kaspaz-8 ve 9 {izerinde en belirgin etkiyi gostermistir; bu durum, iki bilesigin
sinerjik bir sekilde apoptozu giiclendirebilecegini diisiindiirmektedir. Tek basina uygulanan TQ
veya Betain de anlamh etkiler gostermesi, her iki bilesigin bagimsiz olarak da antikanser
potansiyele sahip olabilecegini isaret etmektedir.

Gelecekte yapilacak caligmalar, TQ ve Betain bilesiklerinin in vivo modellerde test
edilmesiyle tedavi etkinligi ve giivenilirliginin daha ayrintili sekilde degerlendirilmesine olanak
tantyacaktir. Bu tiir deneysel veriler, uzun vadede insanlarda yiiriitiilebilecek potansiyel klinik
caligmalara saglam bir temel olusturacaktir. Ayrica, TQ+Betain kombinasyonunun geleneksel
kemoterapi veya hedefe yonelik ilaglarla birlikte uygulanmasi, kanser tedavisinde yenilik¢i ve
etkili terapotik stratejilerin gelistirilmesine katkida bulunabilir. Bunun yani sira, TQ ve
Betain’in biyoyararlanimini artirmaya yonelik ¢calismalarin yapilmasi ve elde edilen sonuclarin
uygulanmasi, besin kaynakli dogal bilesiklerle kanser tedavisinde daha giiclii ve etkili terapotik
sonugclar elde edilmesini destekleyebilir.
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UC KOKLU MAKSILLER PREMOLAR DiSLERIN ENDODONTIK YENIDEN
TEDAVISi: BIiR YILLIK TAKIPLI iKi VAKA SERiSI

Uzm. Dt. MEDINE CiCEK
Recep Tayyip Erdogan Universitesi Dis Hekimligi Fakiiltesi, medine.cicek@erdogan.edu.tr -
0000-0001-7322-5532

OZET

Maksiller premolar disler, kok ve kanal morfolojisindeki varyasyonlar agisindan klinik olarak
onemli zorluklar olusturabilmektedir. Ozellikle ii¢ koklii premolar disler nadir goriilmekte olup,
bu anatomik farkliliklarin gézden ka¢masi endodontik tedavi basarisizliginin 6nemli
nedenlerinden biridir. Bu calisma, ii¢ kokli maksiller premolar dislere ait iki olguda
gerceklestirilen endodontik yeniden tedavinin klinik yonetimini ve bir yillik takip sonuglarini
sunmay1 amaglamaktadir.

Vaka 1: Sistemik hastaligi bulunmayan 18 yasindaki erkek hasta, sag maksiller birinci
premolar disinde spontan agri sikayeti ile basvurmustur. Klinik ve radyografik degerlendirme
sonucunda yetersiz kok kanal tedavisine bagli semptomatik apikal periodontitis tanisi
konulmustur. Dental operasyon mikroskobu altinda yapilan incelemede {i¢ kanal agz1 (palatinal,
meziobukkal, distobukkal) tespit edilmistir. Mevcut dolgu materyalleri uzaklastirildiktan sonra
kanallar nikel-titanyum doner sistemlerle sekillendirilmis, irrigasyon %2,5 NaOCl ve %17
EDTA ile saglanmis ve pasif ultrasonik irrigasyon ile aktive edilmistir. Kanal i¢i medikament
olarak kalsiyum hidroksit uygulanmis ve ikinci seansta obturasyon gergeklestirilmistir.

Vaka 2: Sistemik hastaligi bulunmayan 22 yagindaki kadin hastada, sol maksiller ikinci
premolar diste daha 6nce tedavi edilmemis ek kanal tespit edilmistir. Dental operasyon
mikroskobu altinda ii¢ kanal agizi belirlenmis, retreatment islemi uygulanmis ve kanallar
benzer protokolle sekillendirilip obtiire edilmistir.

Her iki olguda da kanallar regine bazli pat ve giita-perka ile doldurulmus ve koronal
restorasyonlar tamamlanmustir. Bir yillik takipte her iki hastada da klinik olarak asemptomatik
seyir ve radyografik iyilesme gozlenmistir. Sonug¢ olarak, maksiller premolar dislerde nadir
gorulen anatomik varyasyonlarin dogru taninmasi, biiylitme sistemlerinin etkin kullanim1 ve
uygun kemomekanik preparasyon protokollerinin uygulanmasi, endodontik tedavi basarisini
artirmada kritik 6neme sahiptir.

Anahtar Kelimeler : Maksiller premolar, U¢ kok, Retreatment, Pasif ultrasonik irrigasyon,
Dental operasyon mikroskobu
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ENDODONTIC RETREATMENT OF THREE-ROOTED MAXILLARY
PREMOLARS: A TWO-CASE SERIES WITH ONE-YEAR FOLLOW-UP

Uzm. Dt. MEDINE CiCEK
Recep Tayyip Erdogan Universitesi Dis Hekimligi Fakiiltesi, medine.cicek@erdogan.edu.tr -
0000-0001-7322-5532

ABSTRACT

Maxillary premolars may present significant clinical challenges due to variations in root and
canal morphology. Three-rooted premolars are relatively rare, and failure to recognize these
anatomical variations is a major cause of endodontic treatment failure. This case series aims to
present the clinical management and one-year follow-up outcomes of endodontic retreatment
in two cases of three-rooted maxillary premolars.

Case 1: An 18-year-old male patient with no systemic disease presented with spontaneous pain
in the right maxillary first premolar. Clinical and radiographic evaluation led to the diagnosis
of symptomatic apical periodontitis associated with inadequate previous root canal treatment.
Under a dental operating microscope, three canal orifices (palatal, mesiobuccal, and
distobuccal) were identified. After removal of the existing filling materials, the canals were
shaped using rotary systems. Irrigation was performed with 2.5% sodium hypochlorite and 17%
EDTA, activated with passive ultrasonic irrigation. Calcium hydroxide was used as an
intracanal medicament, and obturation was completed in a second visit.

Case 2: A 22-year-old female patient with no systemic disease was referred for endodontic
evaluation prior to prosthetic treatment. A previously untreated additional canal was detected
in the right maxillary second premolar. Three canal orifices were identified under a dental
operating microscope, and retreatment was performed. The canals were shaped and obturated
using a similar protocol.

In both cases, the canals were filled with a resin-based sealer and gutta-percha, and coronal
restorations were completed. At the one-year follow-up, both patients were clinically
asymptomatic and showed radiographic healing. In conclusion, accurate identification of
anatomical variations, effective use of magnification, and appropriate chemomechanical
preparation protocols are critical for the success of endodontic treatment in such complex cases.

Keywords: Maxillary premolar, Three roots, Retreatment, Passive ultrasonic irrigation, Dental
operating microscope
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1. INTRODUCTION

A detailed evaluation of root canal morphology plays a crucial role in the success of
endodontic treatment [1]. Structural variations within the canal system may limit adequate
debridement and shaping, potentially reducing treatment effectiveness [1,2]. Most studies have
reported that complex root canal configurations are common in permanent teeth (3). In addition,
the success rate of root canal treatment has been reported to range between 75.3% and 96% (1).
Advances in endodontic technology have not been accompanied by a marked increase in long-
term success rates, underscoring the critical role of detailed anatomical knowledge [3,4].
Retrospective findings suggest that failure is frequently associated with untreated additional
canals, particularly over extended observation periods [4,5].

Several classification systems have been developed to evaluate root canal morphology [2,3].
The Vertucci classification, introduced in 1984 based on the evaluation of 2400 teeth, is one of
the most widely used and easily applicable systems in clinical practice. This system is based on
criteria such as canal branching patterns, the position of the apical foramen, and the presence
of an apical delta [3]. More recent approaches include alternative classification systems that
integrate root canal morphology with root number within a single coding system; however, their
clinical use remains limited [2]. Furthermore, three-dimensional imaging techniques such as
micro-CT and cone beam computed tomography (CBCT), along with conventional two-
dimensional radiographs, allow for a more detailed and reliable assessment of root canal
morphology [2,3,6].

Recent studies have shown that maxillary premolar teeth exhibit considerable variation in
root and canal morphology [1,6,7]. Maxillary first premolars generally have single- or two-
rooted anatomy, whereas a three-rooted configuration is extremely rare. In contrast, second
premolars tend to present simpler canal anatomy [1-3,6,7]. Variations such as multiple roots,
complex canal configurations, and superficial anatomical grooves may complicate effective
cleaning and shaping procedures, potentially leading to unfavorable endodontic outcomes.
Therefore, detailed evaluation of root canal morphology is essential for both nonsurgical and
surgical endodontic success.

This case series was conducted to describe the endodontic retreatment of two uncommon
cases of three-rooted maxillary premolars identified during routine clinical and radiographic
examination.

2. CASE PRESENTATION
Case Report 1

A systemically healthy 18-year-old male was referred to the Department of Endodontics,
Faculty of Dentistry, Recep Tayyip Erdogan University. The patient presented with
spontaneous pain localized to the right maxillary first premolar tooth (#14) as his primary
complaint. Clinical and radiographic examination revealed tenderness to percussion, while no
mobility was observed. Preoperative radiography showed inadequate previous root canal
treatment in tooth #14 and a periapical lesion (Figure 1). Based on the clinical and radiographic
findings, the case was diagnosed as symptomatic apical periodontitis.
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Figure 1. Preoperative periapical radiograph obtained from the patient demonstrating the presence of
an additional canal in tooth #14

The tooth that received local anesthesia was isolated using a rubber dam and an endodontic
access cavity was prepared using a sterile diamond bur. Identification of canal orifices and
evaluation of canal anatomy were performed using a dental operating microscope (Zeiss
EXTARO 300, Germany). Three canal orifices were detected: one palatal, one mesiobuccal,
and one distobuccal (Figure 2). Gutta-percha was removed using a rotary nickel-titanium
retreatment system (EndoArt RT, Inci Dental, Istanbul, Turkiye) with an endodontic motor
(Woodpecker Motopex, Guilin, China). A size #10 K-file was inserted into each canal, and the
working lengths of all three canals were established with an electronic apex locator and
subsequently verified radiographically. Canal shaping was performed using rotary instruments
(EndoArt Smart Gold, Inci Dental, Turkiye).

Figure 2. Detection of the additional canal and determination of the working length using endodontic
files

During and after instrumentation, each canal was irrigated with 10 mL of 2.5% sodium
hypochlorite (NaOCI). Following mechanical preparation, 2 mL of 17% EDTA was applied for
1 minute. Passive ultrasonic irrigation was used to activate the irrigation solutions.
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Calcium hydroxide was used as an intracanal medicament, and the access cavity was sealed
with a temporary restoration. After one week, the tooth was asymptomatic, and both the
temporary restoration and calcium hydroxide dressing were removed. After final irrigation,
canals were dried with paper points and obturated using cold lateral condensation technique
with a resin-based sealer (ADSeal, Meta Biomed, Cheongju, South Korea) and gutta-percha
cones matching the master apical file (Figure 3). Final restoration was performed using an
adhesive system and composite resin (Nova Compo-C, Imicryl, Konya, Turkiye). After occlusal
adjustment, treatment was completed (Figure 4). During the 1-year follow-up, the tooth
remained asymptomatic clinically and radiographically, with ongoing periapical healing
(Figure 5).

Figure 4. Final radiographic image
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Figure 5. 1-year follow-up radiograph

Case Report 2

A 22-year-old female patient with no systemic disease was referred for endodontic
evaluation prior to prosthetic rehabilitation at the Department of Endodontics, Faculty of
Dentistry, Recep Tayyip Erdogan University. Clinical and radiographic examination of the right
maxillary second premolar (#15) revealed no percussion or palpation sensitivity, no mobility,
and no spontaneous pain. Preoperative radiography indicated inadequate previous root canal
treatment (Figure 6). Careful evaluation of the radiograph suggested an additional canal, which
had not been treated previously. Considering the extensive coronal structural loss and planned
post-core restoration, retreatment was indicated.

Figure 6. Preoperative periapical radiograph demonstrating the presence of an additional root in tooth
#15

Once adequate local anesthesia had been established, the tooth was isolated under a rubber
dam, and access to the pulp chamber was obtained with a sterile diamond bur. Canal orifices
and root canal anatomy were evaluated using a dental operating microscope (Zeiss EXTARO
300, Germany). As suspected radiographically, three canal orifices were identified: palatal,
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mesiobuccal, and distobuccal. Gutta-percha was removed from the palatal and mesiobuccal
canals using a rotary nickel-titanium retreatment system (EndoArt RT, Inci Dental, Istanbul,
Tirkiye) with an endodontic motor (Woodpecker Motopex, Guilin, China). Working lengths
were determined using a size #10 K-file and an electronic apex locator, and confirmed
radiographically. The canals were shaped using rotary instruments (EndoArt Smart Gold, Inci
Dental, Turkiye).

Irrigation was performed using 10 mL of 2.5% sodium hypochlorite per canal. After
instrumentation, 2 mL of 17% EDTA was applied for 1 minute to remove the smear layer. All
irrigants were activated using passive ultrasonic irrigation in three cycles of 20 seconds. Final
irrigation was followed by drying with paper points and obturation using cold lateral
condensation with a resin-based sealer (ADSeal, Meta Biomed, Cheongju, South Korea) and
gutta-percha cones (Figure 7).

Figure 7. Master cone and postoperative radiograph

The patient was referred for prosthetic restoration. During the 1-year follow-up, the tooth
was clinically and radiographically asymptomatic, and follow-up is ongoing (Figure 8).

Figure 8. 1-year follow-up radiograph
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3. DISCUSSION

Anatomical variations of teeth play a decisive role in diagnostic accuracy, appropriate
treatment planning, and long-term prognosis in endodontics [1,8]. In the present case series,
rare three-rooted maxillary premolars were reported in two different patients. The primary
cause of periradicular lesions is known to be persistent microorganisms within inadequately
treated or untreated root canals [9,10]. Therefore, successful endodontic treatment requires
effective cleaning and shaping followed by a three-dimensionally sealed obturation. However,
anatomical variations in the root canal system, particularly undetected additional roots and
canals, may complicate treatment procedures [10,11].

Three-rooted maxillary premolars have been reported in several studies in the literature [1-
3,6-8,12,13]. Awareness of such variations enables clinicians to anticipate possible canal
configurations and improves treatment outcomes [3,4,8]. Multiple angled periapical
radiographs and magnification systems significantly contribute to the detection of anatomical
variations [8,14,15]. However, the two-dimensional nature of periapical radiographs limits
complete visualization of the root canal system [8]. In this context, CBCT allows three-
dimensional assessment of root canal morphology and reveals details that may be missed on
conventional radiographs [1,2,8]. In addition, dental operating microscopes provide enhanced
visualization and illumination, increasing the detection rate of additional canals and improving
clinical success [10,14,16].

Proper access cavity design is also critical for locating additional canal orifices. Balleri et
al. [17] reported that a T-shaped access cavity improves canal accessibility and cleaning
efficiency in three-rooted premolars. Furthermore, a cross-path or deviation of an instrument in
the buccal canal may indicate the presence of an additional canal [15]. In the present case series,
a T-shaped canal orifice configuration was observed. Radiographic findings such as sudden
narrowing or disappearance of the pulp space may also indicate canal bifurcation [10]. An
unusually wide or triangular pulp chamber may serve as another diagnostic clue for multiple
canals [10]. Sieraski et al. [18] also emphasized that a mesiodistal root width comparable to or
greater than the crown width may indicate the presence of three roots in maxillary premolars.

CONCLUSION

The outcome of endodontic treatment is closely related to the clinician’s ability to recognize
and manage the complexity of root canal anatomy. Missed canals and undetected additional
roots remain significant causes of treatment failure, particularly in maxillary premolars.
Therefore, detailed radiographic assessment, the use of multiple angulated images, and careful
examination of the pulp chamber floor are essential for accurate diagnosis. The incorporation
of magnification devices, such as dental operating microscopes, further enhances the detection
of anatomical variations and contributes to improved treatment outcomes. In conclusion,
awareness of possible anatomical complexities and the effective use of modern diagnostic tools
are key factors in increasing the predictability and long-term success of endodontic therapy.

31



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES

APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

REFERENCES

1.

10.

11.

12.

13.

14.

Xu, M., Ren, H., Liu, C., Zhao, X., Li, X. Systematic review and meta-analysis of root
morphology and canal configuration of permanent premolars using cone-beam
computed tomography, BMC Oral Health, 24(1), 656, 2024.

Watanabe, S., Yabumoto, S., Okiji, T. Evaluation of root and root canal morphology
in maxillary premolar teeth: A cone-beam computed tomography study using two
classification systems in a Japanese population, Journal of Dental Sciences, 20(2),
927-935, 2025.

Yanqui-Gémez, J.S., Dulanto-Vargas, J.A., Carranza-Samanez, K.M. Morphology of
roots and canals of maxillary first premolars: A CBCT study in a Peruvian sample,
International Journal of Dentistry, 2341041, 2024.

Burns, L.E., Kim, J., Wu, Y., Alzwaideh, R., McGowan, R., Sigurdsson, A. Outcomes
of primary root canal therapy: An updated systematic review of longitudinal clinical
studies published between 2003 and 2020, International Endodontic Journal, 55(7),
714-731, 2022.

Jang, Y.E., Kim, Y., Kim, S.Y., Kim, B.S. Predicting early endodontic treatment
failure following primary root canal treatment, BMC Oral Health, 24(1), 327, 2024.
Saber, S.E.D.M., Ahmed, M.H.M., Obeid, M., Ahmed, H.M.A. Root and canal
morphology of maxillary premolar teeth in an Egyptian subpopulation using two
classification systems: A cone beam computed tomography study, International
Endodontic Journal, 52(3), 267-278, 2019.

Martins, J.N.R., Worldwide Anatomy Research Group, Versiani, M.A. Worldwide
assessment of the root and root canal characteristics of maxillary premolars — A multi-
center cone-beam computed tomography cross-sectional study with meta-analysis,
Journal of Endodontics, 50(1), 31-54, 2024.

Ugur, Z., Akpinar, K.E., & Altunbas, D. Maxillary first premolars with three root
canals: Two case reports, Journal of Istanbul University Faculty of Dentistry, 51(3),
50-53, 2017.

Lin, L.M., Rosenberg, P.A., Lin, J. Do procedural errors cause endodontic treatment
failure?, Journal of the American Dental Association, 136(2), 187-193, 2005.

Ocak, M.S., Ahmetoglu, F. Uc koklii maksiller birinci premolarin endodontik tedavisi:
Bir olgu sunumu, Annals of Health Sciences Research, 2(1), 46-48, 2013.

Soares, J.A., Leonardo, R.T. Root canal treatment of three rooted maxillary first and
second premolars — A case report, International Endodontic Journal, 36(10), 705-710,
2003.

Ahmad, I.A., Alenezi, M.A. Root and root canal morphology of maxillary first
premolars: A literature review and clinical considerations, Journal of Endodontics,
42(6), 861-872, 2016.

Ozcan, E.C., Hamidi, M.M. Root and canal morphology of maxillary first premolars in
a Turkish population, Journal of Dental Sciences, 7(4), 390-394, 2012.

Carr, G.B., Murgel, C.A. The use of the operating microscope in endodontics, Dental
Clinics of North America, 54(2), 191-214, 2010.

32



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES

15.

16.

17.

18.

APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

Bozkurt, D.A., Aydinbelge, H.A. Ug kanall1 ve fraktiir hattina sahip iist birinci kiigiik
az1 disin retreatment tedavisi: Olgu sunumu, Selcuk Dental Journal, 2(1), 20-24, 2011.
Arisu, H.D., Alacam, T. Diagnosis and treatment of three-rooted maxillary premolars,
European Journal of Dentistry, 3(1), 62-66, 2009.

Balleri, P., Gesi, A., Ferrari, M. Primer premolar superior com tres raices, Endodontic
Practice, 3, 13-15, 1997.

Sieraski, S.M., Taylor, G.N., Kohn, R.A. Identification and endodontic management
of three-canalled maxillary premolars, Journal of Endodontics, 15(1), 29-32, 1989.

33



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

C-SEKILLi KOK KANAL KONFIGURASYONUNA SAHIP MANDIBULAR IKINCI
MOLAR DiSTE ENDODONTIK TEDAVI: BIR OLGU SUNUMU

Uzm. Dt. MEDINE CiCEK
Recep Tayyip Erdogan Universitesi Dis Hekimligi Fakiiltesi, medine.cicek@erdogan.edu.tr -
0000-0001-7322-5532

OZET

C-sekilli kok kanal konfigiirasyonu, 6zellikle mandibular ikinci molar dislerde goriilen ve kok
kanal sisteminin diizensiz morfolojisi, isthmus yapilar1 ve kanal baglantilar1 nedeniyle
endodontik tedaviyi zorlastiran 6nemli bir anatomik varyasyondur. Bu kompleks yapi, kok
boyunca degiskenlik gdstermesi nedeniyle tani, kemomekanik preparasyon ve obturasyon
asamalarinda klinisyen i¢in ¢esitli zorluklar olugturmaktadir. Bu olgu sunumunun amaci, C-
sekilli kok kanal konfiglirasyonuna sahip mandibular ikinci molar disin endodontik tedavi
stirecini klinik agidan degerlendirmektir. 20 yasindaki erkek hasta, sa§ mandibular posterior
bolgede spontan ve ¢igneme ile artan agri sikayetiyle bagvurdu. Klinik ve radyografik inceleme
sonucunda ilgili dise pulpa nekrozu ve periapikal periodontitis tanis1 konuldu. Radyografik
degerlendirmede kompleks kanal morfolojisinden siiphelenilmis, kanal yapis1 dental operasyon
mikroskobu altinda ayrintili olarak incelenmistir. Giris kavitesi sonrasinda iki mezial ve iki
distal olmak tizere toplam dort kanal agzi belirlenmistir. Calisma boylar1 elektronik apeks
bulucu yardimiyla tespit edilmis ve kanallar nikel-titanyum doner sistemlerle kontrollii sekilde
sekillendirilmistir. Irrigasyon protokoliinde %2,5 sodyum hipoklorit ve %17 EDTA
kullanilmis, irrigantlarin etkinligi pasif ultrasonik aktivasyon ile artirilmistir. Mekanik
hazirligin ardindan kanallar kurutulmus ve kalsiyum silikat esasli MTA bazli pat ile giita-perka
kullanilarak tek kon teknigiyle obturasyon gergeklestirilmistir. Koronal restorasyon kompozit
rezin ile tamamlanmistir. Tedavi siirecinde kanal sisteminin apikal bolgede birleserek tek
foramende sonlandig1 gozlenmistir. C-gekilli kanal sistemlerinde kok boyunca degiskenlik
gosteren morfoloji, 6zellikle isthmus ve baglanti alanlarimin temizligini giiclestirmekte ve
irrigasyon stratejilerinin etkinligini kritik hale getirmektedir. Sonug olarak, bu tiir kompleks
anatomilerde basarili bir endodontik tedavi i¢in ayrintili tani, biliylitme sistemlerinin etkin
kullanim1 ve uygun kemomekanik preparasyon protokollerinin uygulanmasi biiyilk 6nem
tagimaktadir.

Anahtar Kelimeler : C-sekilli kanal, Mandibular ikinci molar, K6k kanal morfolojisi,
Anatomik varyasyon, Dental operasyon mikroskobu
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ENDODONTIC TREATMENT OF A MANDIBULAR SECOND MOLAR WITH A C-
SHAPED ROOT CANAL CONFIGURATION: A CASE REPORT

Uzm. Dt. MEDINE CiCEK
Recep Tayyip Erdogan Universitesi Dis Hekimligi Fakiiltesi, medine.cicek@erdogan.edu.tr -
0000-0001-7322-5532

ABSTRACT

C-shaped root canal configuration is a significant anatomical variation, most commonly
observed in mandibular second molars, that complicates endodontic treatment due to the
irregular morphology of the root canal system, the presence of isthmuses, and interconnecting
canal networks. This complex structure exhibits variability along the root, posing challenges
for clinicians during diagnosis, chemomechanical preparation, and obturation procedures. The
aim of this case report is to clinically evaluate the endodontic treatment of a mandibular second
molar with a C-shaped root canal configuration. A 20-year-old male patient presented with
spontaneous pain and increased discomfort during mastication in the right mandibular posterior
region. Based on clinical and radiographic examination, the tooth was diagnosed with pulp
necrosis and periapical periodontitis. Radiographic findings suggested a complex canal
morphology, which was further evaluated in detail under a dental operating microscope.
Following access cavity preparation, four canal orifices—two mesial and two distal—were
identified. Working lengths were determined using an electronic apex locator, and the canals
were instrumented in a controlled manner using nickel-titanium rotary systems. The irrigation
protocol included 2.5% sodium hypochlorite and 17% EDTA, with passive ultrasonic activation
to enhance irrigant effectiveness. After mechanical preparation, the canals were dried and
obturated using a single-cone technique with gutta-percha and a calcium silicate-based MTA
sealer. The coronal restoration was completed with composite resin. It was observed that the
canal system merged apically into a single foramen. In C-shaped canal systems, morphological
variations along the root complicate the cleaning of isthmuses and interconnecting areas,
making effective irrigation strategies critical. In conclusion, successful endodontic treatment of
such complex anatomies requires accurate diagnosis, effective use of magnification systems,
and the application of appropriate chemomechanical preparation protocols.

Keywords: C-shaped canal, mandibular second molar, root canal morphology, anatomical
variation, dental operating microscope
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1. INTRODUCTION

The success of endodontic treatment relies on an accurate understanding of root canal
system anatomy and the proper execution of cleaning, shaping, and obturation procedures in
accordance with that anatomy [1-5]. Anatomically, a mandibular molar generally resembles a
two-rooted tooth, with one distal and one mesial root. The mesial root usually presents two
canals that often converge in the apical third, while the distal root generally has a single canal
[3]. However, root canal morphology is highly complex and may exhibit considerable variations
among individuals and populations [4-6]. Failure to recognize these variations may lead to
several clinical complications, including missed canals, inadequate disinfection, and treatment
failure [4,5,7].

The C-shaped root canal system is one of the most remarkable anatomical variations
encountered in endodontics [3,4,8,9]. First described in 1979, this configuration is characterized
by a cross-sectional shape resembling the letter “C” and usually results from root fusion and
developmental failure of Hertwig’s epithelial root sheath [5,6]. In this system, the presence of
fins or web-like interconnections between canals causes the canal morphology to vary
continuously along the length of the root [3,9].

C-shaped canals are most commonly found in mandibular second molars; however, their
reported prevalence differs across various tooth types and populations [4,9,10]. In contrast, their
occurrence in mandibular first molars is relatively rare and may be easily overlooked by
clinicians [5]. This may result in misdiagnosis and inadequate treatment [4,5]. Owing to their
irregular canal morphology and thin dentinal walls, these complex anatomical structures present
significant challenges during irrigation, shaping, and obturation procedures [4,5,11,12].
Furthermore, intercanal connections and inaccessible areas may serve as reservoirs for
microorganisms, thereby increasing the risk of periapical pathology [4,9].

Currently, three-dimensional imaging modalities such as cone-beam computed
tomography (CBCT), together with the use of dental operating microscopes and magnification
systems, provide substantial advantages in the identification and management of such complex
anatomies [3,5,13]. Enhanced magnification and improved illumination facilitate clearer
detection of canal orifices, isthmuses, and accessory branches, thereby contributing to more
effective cleaning, shaping, and obturation, particularly in C-shaped canal systems [4,5,14].

The aim of this case report was to present the treatment management of a right
mandibular second molar with two fused roots and a rare C-shaped root canal anatomy
performed under a dental operating microscope.

2. CASE PRESENTATION
A 20-year-old male patient with no systemic disease was referred to the Department of
Endodontics, Faculty of Dentistry, Recep Tayyip Erdogan University, with complaints of
spontaneous pain and pain during mastication in the right mandibular posterior region. The
patient reported intermittent pain in the right mandibular second molar (#47) for approximately
one month and stated that the pain intensified during eating after the loss of the existing
restoration. Based on the clinical and radiographic examination, together with a negative
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response to pulp sensibility testing and periapical radiographic findings, the tooth was
diagnosed with pulp necrosis associated with apical periodontitis (Figure 1-2). Mild tenderness
to percussion was present, whereas no palpation sensitivity or mobility was detected. Careful
evaluation of the preoperative radiograph raised suspicion of a C-shaped canal configuration in

the involved tooth (Figure 2).

Figure 1. Preoperative panoramic radiograph obtained from the patient

Figure 2. Preoperative periapical radiograph obtained from the patient demonstrating a C-
shaped canal configuration in tooth #47
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Following administration of local anesthesia and rubber dam isolation, an endodontic
access cavity was prepared under water cooling using a sterile diamond bur. Identification of
the canal orifices and assessment of canal anatomy were performed under a dental operating
microscope (Zeiss EXTARO 300, Germany). As suspected on the preoperative radiograph, a
C-shaped canal configuration was observed within the access cavity, and four canal orifices
were identified: two mesial and two distal. Size #10 K-files (Dentsply Maillefer, Ballaigues,
Switzerland) were introduced into the canals, and working lengths were determined using an
electronic apex locator (Root ZX Mini; J. Morita Co., Tokyo, Japan).

The canals were mechanically prepared using nickel-titanium rotary instruments
(EndoArt Smart Gold, inci Dental, Tiirkiye). During and after instrumentation, each canal was
irrigated with a total volume of 10 mL of 2.5% sodium hypochlorite (NaOCI) (Senem Dental,
Kayseri, Turkiye). Following completion of mechanical preparation, 2 mL of 17% EDTA
(Saver, Prime Dental, Izmir, Tiirkiye) was applied to each canal for 1 minute to remove the
smear layer. To enhance irrigation efficacy, all irrigants were activated using passive ultrasonic
irrigation in three cycles of 20 seconds each per application.

After final irrigation, the canals were dried with paper points and obturated using the
single-cone technique with a calcium silicate-based MTA sealer (Nexobio MTA Cem S,
Tirkiye) and gutta-percha cones corresponding to the master apical file size (Figure 3).
Permanent restoration was completed using a self-etch adhesive system (Clearfil S Bond,
Kuraray Noritake Dental Inc., Tokyo, Japan) and a composite resin material (Nova Compo-C,
Imicryl, Konya, Turkiye). After verification of occlusal contacts, treatment was completed, and
the patient was referred for prosthetic rehabilitation (Figure 4). Follow-up of the patient is
ongoing.

Figure 3. Periapical radiograph with master cones after canal shaping
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Figure 4. Postoperative periapical radiographic images obtained after completion of the treatment

3. DISCUSSION

C-shaped canal systems present significant challenges for endodontic treatment because
of their complex morphology and continuous anatomical variations along the root length [4,5].
In these systems, the canal configuration does not remain constant but may exhibit different
patterns from the coronal to the apical region [2,4,5,15]. Although radiographic evaluation is
important for diagnosis, it is not always sufficient as a standalone method [15]. Cooke and Cox
reported that canal orifice morphology may be more decisive for diagnosis [16], whereas Fan
et al. [17] demonstrated a significant correlation between radiographic findings and three-
dimensional evaluations. From both diagnostic and clinical management perspectives, accurate
identification of four separate canal orifices was one of the most critical stages of treatment in
the present case. Missed canal orifices are a common problem in C-shaped canal systems [4,5].
In the current case, the preoperative radiograph suggested a C-shaped canal configuration;
however, definitive diagnosis was established through direct visualization of the canal orifices
under a dental operating microscope. This finding further emphasizes that radiographic
assessment alone may be insufficient and highlights the importance of magnification systems
in managing complex anatomies [14].

In this case, four distinct canal orifices were identified at the coronal level, consisting
of two mesial and two distal orifices; however, these canals merged in the apical region and
terminated in a single foramen. Previous studies have indicated that C-shaped canal systems
demonstrate considerable morphological changes along the root and that the number of canals
may decrease, particularly in the apical third [15,17]. Therefore, the multiple-entry/single-exit
pattern observed in this case is consistent with the existing literature.

The changing morphology of C-shaped canal systems directly influences
chemomechanical preparation and irrigation strategies [1-5]. Isthmuses and interconnecting
areas are particularly resistant to mechanical debridement and may serve as sites for debris
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accumulation [15]. In the present case, apical merging of the canals made irrigation of these
confluent areas even more critical. Therefore, passive ultrasonic irrigation was used to enhance
irrigant penetration and improve debridement efficacy.

From a shaping perspective, thin dentinal walls in certain regions of C-shaped roots may
increase the risk of perforation [4,5,11,12]. For this reason, aggressive instrumentation should
be avoided. In the current case, the controlled instrumentation protocol contributed to
preservation of the anatomical integrity of the root structure. During obturation, the presence
of a single apical foramen formed by merging canals required particular attention to ensure
adequate adaptation of the filling material. The use of a calcium silicate-based sealer may have
contributed to improved adaptation in these confluent regions.

This case demonstrates that both the number of canals and morphological changes along
the root length should be considered in treatment planning of C-shaped canal systems. Multiple
coronal canal entries merging into a single apical foramen may require modified irrigation and
obturation strategies. Therefore, evaluation of anatomical variation throughout the root is
essential for successful treatment.

CONCLUSION

The three-dimensional variability of the root canal system in mandibular second molars
with C-shaped canal anatomy directly affects treatment success. In the present case, the
complex canal morphology was effectively managed through the use of a dental operating
microscope and appropriate irrigation and obturation protocols, resulting in successful
endodontic treatment. Early recognition of such anatomical variations and adaptation of the
treatment protocol accordingly are of great importance for achieving favorable clinical
outcomes.

REFERENCES

1. Cleghorn, B.M., Goodacre, C.J., Christie, W.H. Morphology of teeth and their root
canal systems, In J.1. Ingle, L.K. Bakland, J.C. Baumgartner (Eds.), Ingle’s
endodontics (6th ed., pp. 151-220). B C Decker Inc, 2008.

2. Raghavendra, S.S., Napte, B.D., Desai, N.N., Hindlekar, A.N. Single C-shaped canal
in mandibular first molar: A case report, Journal of Conservative Dentistry, 18(2),
168-171, 2015.

3. Vasileva, V.R., Borisova-Papancheva, T., Zaneva-Hristova, D., Georgieva, S., Miteva,
A.M. C-shaped canal in second mandibular molar: A case report, Cureus, 17(4), 2025.

4. Zhou, R., Shen, L., Wei, C. C-shaped root canal systems in the bilateral mandibular
first molars: A case report and literature review, BMC Oral Health, 25(1), 711, 2025.

5. Yousefi, F., Mohammadi, Y., Shokri, E. Prevalence of C-shaped canal morphology in
premolar and molar teeth assessed by cone-beam computed tomography: Systematic
review and meta-analysis, BMC Oral Health, 25(1), 1657, 2025.

40



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES

10.

11.

12.

13.

14.

15.

16.

17.

APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

Abdalrahman, K., Talabani, R., Kazzaz, S., Babarasul, D. Assessment of C-shaped
canal morphology in mandibular and maxillary second molars in an Iraqi
subpopulation using cone-beam computed tomography, Scanning, 4886993, 2022.
Patil, M., Mujawar, A., Rachalwar, D., Shaikh, S. Endodontic management of C-
shaped root canal configuration using different obturation systems: Case series,
International Multidisciplinary Research Journal, 2023.

Fernandes, M., de Ataide, I., Wagle, R. C-shaped root canal configuration: A review
of literature, Journal of Conservative Dentistry, 17, 312-319, 2014.

Tulegenova, I., Omarova, B.A., Kopbayeva, M., Altynbekov, K., Kuanyshbekov, Y.,
Karibayeva, I. Prevalence of C-shape Canal in Second Mandibular Premolars: A
Systematic Review and Meta-analysis, Indian J Dent Res, 36(2):228-235, 2025.
Mashyakhy, M., AlTuwaijri, N., Alessa, R., Alazzam, N., Alotaibi, B., Almutairi, R.
Anatomical evaluation of root and root canal morphology of permanent mandibular
teeth in a Saudi Arabian population: A systematic review, BioMed Research
International, 2400314, 2022.

Chen, M., Tsauo, C., Qiu, S., Gao, Y. Micro-computed tomographic analysis of
radicular dentin thickness in mandibular second molars across diverse anatomic root
variations: Identifying potential danger zones, Journal of Endodontics, 50(11), 1560-
1568, 2024.

Yang, S.E., Lee, T.Y., Kim, K.J. Prevalence and morphology of C-shaped canals: A
CBCT analysis in a Korean population, Scanning, 9152004, 2021.

Shekarian, M., Majlesi, M., Zare Jahromi, M. Prevalence of C-shaped canals and
three-rooted mandibular molars in the Iranian population by using cone-beam
computed tomography, Clinical and Experimental Dental Research, 9(5), 906-912,
2023.

Carr, G.B., Murgel, C.A. The use of the operating microscope in endodontics, Dental
Clinics of North America, 54(2), 191-214, 2010.

Dincol, M., Erisen, R. C-kanall1 alt ikinci biiyiik az1 dislerinin endodontik tedavisi:
Dort olgu nedeniyle, Journal of Istanbul University Faculty of Dentistry, 42(1-2), 25-
33, 2010.

Cooke, H.G., Cox, F.L. C-shaped canal configurations in mandibular molars, Journal
of the American Dental Association, 99, 836-839, 1979.

Fan, B., Cheung, G.S.P., Fan, M., Gutmann, J.L., Bian, Z. C-shaped canal system in
mandibular second molars: Part I-Anatomical features, Journal of Endodontics,
30(12), 899-903, 2004.

41



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

EVALUATION OF Lactobacillus SPECIES AND THEIR BIOLOGICAL ACTIVITIES,
IN TERMS OF ANTIMICROBIAL EFFICACY

RPh. EMRULLAH YILDIZ

Inonu University, 21212198012@ogr.inonu.edu.tr — ORCID ID: 0009-0009-8759-
9995

Assoc. Prof. TUBA UNVER
Inonu University, tuba.unver@inonu.edu.tr — ORCID ID: 0000-0002-8655-2716

ABSTRACT

This study aims to evaluate the antimicrobial mechanisms of action of Lactobacillus
species, which could be alternatives to traditional antibiotics in the fight against the
antimicrobial resistance (AMR) crisis, a chronic public health problem worldwide, and their
potential use in medical, food, and agricultural fields, in light of the literature. In this study,
recent articles and international reports on the bioactive properties, mechanisms of action, and
applications of the genus Lactobacillus were reviewed. It was observed that Lactobacillus
species inhibit pathogens by: lowering environmental pH by producing lactic and acetic acids;
inducing oxidative stress via hydrogen peroxide; and forming pores in the target cell membrane
and destroying the cell wall through different classes of bacteriocins (Class I, 11, HI). In
particular, the multifaceted lytic effect of lantibiotics, which bind to Lipid Il molecules, largely
prevents the development of resistance, unlike classical antibiotics. In addition,
immunomodulatory properties such as competing with pathogens on epithelial surfaces
(competitive exclusion), inhibiting biofilms by suppressing quorum-sensing mechanisms, and
increasing the production of anti-inflammatory cytokines, such as IL-10, by protecting tight
junction proteins offer clinically significant advantages. However, disadvantages include the
high strain-specificity of antagonistic effects, the potential for live cells to survive stressors in
the gastrointestinal tract or during industrial production, and the heat sensitivity of large-
molecule Class Il bacteriocins. To overcome these obstacles, it is recommended to genetically
characterize new strains using polyphasic approaches, including 16S rRNA sequencing and
whole-genome analysis; optimize innovative formulations, such as microencapsulation and
bioprotective coatings, to withstand challenging conditions; and establish standard treatment
protocols through comprehensive in vivo research examining strain-specific dose-response
relationships.

Keywords: Lactobacillus, Antimicrobial Mechanisms of Action, Bacteriocins,
Bioprotection, Immunomodulation
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1. INTRODUCTION

The discovery of antibiotics in the treatment of infectious diseases is one of the turning
points of modern medicine, but the uncontrolled use of these drugs in medicine, veterinary
medicine, and agriculture has led to the antimicrobial resistance (AMR) crisis today. AMR,
which has become a chronic public health problem worldwide, is projected to cause 10 million
deaths globally each year by 2050 [1]. Against this global health threat, the development of
alternative, reliable, and effective antimicrobial strategies under the leadership of the World
Health Organization (WHO) has become imperative [2].

Lactic Acid Bacteria (LAB), especially the genus Lactobacillus, constitute a strong
biological alternative due to their long history of safe use in food fermentation and their
"Generally Recognized as Safe" (GRAS) status by the U.S. Food and Drug Administration
(FDA) [3]. These bacteria, which have probiotic properties, regulate the immune system by
balancing the host's microbiota, preventing pathogen colonization, and exerting their effects
through the synthesis of antimicrobial metabolites that directly damage target cells. The
antagonistic effects of Lactobacillus species are not based on a single mechanism; they provide
multifaceted protection through a combination of pH reduction, the induction of oxidative
stress, and cell membrane disruption [4].

2. USES OF Lactobacillus GENUS BACTERIA

Bacteria belonging to the genus Lactobacillus, a heterogeneous group, have broad
potential for use in the food, agricultural, and medical fields. In the food industry, they serve as
initiators or complementary cultures in the production of dairy products, fermented plant foods,
wine, beer, and sourdough bread. As an alternative "biopreservation” agent to synthetic
chemical preservatives, they suppress the proliferation of pathogens that cause spoilage in food
due to the organic acids, diacetyl, hydrogen peroxide, and bacteriocins they synthesize, and
safely extend the shelf life of the product [5].

In medical and clinical applications, they play a critical role, especially in protecting
mucosal barriers. In the gastrointestinal system, they support intestinal barrier integrity,
reducing the risk of systemic inflammation and autoimmune diseases (celiac disease, 1BD, etc.)
[6]. In the urogenital system, Lactobacillus strains that produce hydrogen peroxide, in
particular, provide protection against diseases such as bacterial vaginosis, and oral probiotic
supplements have been shown to restore vaginal microbial balance [7].

3. ANTIMICROBIAL MECHANISMS
3.1. Metabolic Products and Oxidative Stress

Lactobacillus species reduce the pH level of the microenvironment in which they are
located by producing organic acids such as lactic acid and acetic acid as a result of carbohydrate
metabolism (8). These organic acids, in their undissociated form, pass through pathogen cell
membranes by passive diffusion and ionize in the cytoplasm; this disrupts the intracellular
proton-motive force (PMF), causing metabolic suppression and cessation of ATP production

[8].

In addition, hydrogen peroxide (H20:) production is carried out through the NADH
oxidase enzyme. The produced H-O: reacts with iron ions in the environment, forming highly
reactive and toxic hydroxyl radicals. This strong oxidative stress breaks down the DNA of
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pathogenic bacteria, damages their protein structures, and disrupts lipids in the plasma
membrane, exerting a direct bactericidal (killing) effect [9].

3.2. Bacteriocins

Bacteriocins are protein-structured antimicrobial peptides synthesized via the ribosomal
pathway that exert a direct lethal effect on pathogenic microorganisms [10].

Class I Bacteriocins (Lantibiotics): They bind to the Lipid Il molecule located in the cell
membrane of the target bacterium, which is a fundamental building block in peptidoglycan
synthesis. This both stops cell wall synthesis and opens pores in the cell membrane, leading to
the leakage of vital cellular components [11].

Class Il Bacteriocins: These heat-resistant peptides bind to specific receptors such as the
mannose phosphotransferase system, opening pores in the cell membrane and depolarizing the
membrane potential, triggering cell death [12].

Class Il Bacteriocins (Bacteriolysins): They directly attack the pathogen cell wall,
enzymatically breaking the cross-links between peptidoglycan units and causing the target to
lyse (burst) [13].

3.3. Structural Barriers and Biofilm Inhibition

Through a competitive exclusion mechanism, Lactobacillus species engage in a physical
race with pathogens to colonize intestinal and mucosal surfaces. They colonize host tissues by
strongly adhering to tissues via S-layer proteins and mucin-binding proteins in their cell walls
[14]. They also disrupt the "Quorum Sensing"” (QS) signaling system, preventing the formation
of biofilm layers that allow pathogens to resist environmental stresses. In this process, called
quorum quenching, lactobacilli stop toxin production and pathogen infection at the cellular
level by enzymatically breaking down the intercellular communication molecules (e.g., acyl-
homoserine lactones) of pathogens [15].

3.4. Immunomodulation

Lactobacillus directly interacts with intestinal epithelial cells, increasing the synthesis of tight
junction proteins such as zonula occludens (ZO-1, ZO-2) and claudins, thereby making the
intestinal barrier impervious to harmful antigens [16]. In their effects on the immune system,
they control inflammation by suppressing the NF-«B signaling pathway at the cellular level.

This mechanism reduces the production of pro-inflammatory cytokines, such as IL-6 and
TNF-0, which cause tissue damage, while activating regulatory T cells and promoting the
production of anti-inflammatory cytokines, such as IL-10 and TGF-p, which promote immune
tolerance [17].

4. CONCLUSION AND RECOMMENDATIONS

Against antibiotic resistance (AMR), a global public health threat, Lactobacillus species
with GRAS status offer a reliable, natural alternative for both food biopreservation and the
treatment of clinical infections.

The greatest advantage of these bacteria is that they inhibit pathogens through
multifaceted mechanisms, preventing the development of resistance. They lower pH with
organic acids, induce oxidative stress with hydrogen peroxide, and degrade the cell wall and
create pores in the membrane via bacteriocins (Class I, 11, I11). In addition, their competitive
exclusion on epithelial surfaces, prevention of biofilm formation, and modulation of the
immune system to maintain barrier integrity provide unique clinical benefits.
However, the strain-specific nature of the antagonistic effects obtained makes it difficult to
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establish a standard treatment model. The fact that live microorganisms can lose viability under
gastrointestinal or industrial stressors (low pH, heat, etc.) and the heat sensitivity of Class 1l
bacteriocins are the main limitations for their applications. To overcome these obstacles and
fully utilize the potential of Lactobacillus species, it is recommended to genetically characterize
new strains using polyphasic approaches (16S rRNA and whole genome analyses).
Furthermore, developing innovative formulations, such as microencapsulation and
bioprotective coatings, to enable live probiotics to withstand stress conditions and establishing
standard treatment protocols through strain-specific in vivo research are critical.
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OZET

Safran (Crocus sativus L.), flavonoidler, karotenoidler ve fenolik bilesenler agisindan zengin
icerigiyle giiglii antioksidan ve antiinflamatuar Ozelliklere sahip Onemli bir bitkidir ve
yiizyillardir hem geleneksel hem de modern tipta kullanilmaktadir. Son yillarda, zararli
kimyasal yontemlere alternatif olarak gelistirilen gevre dostu “yesil sentez” yaklagimi, bitki
bazli ekstraktlarin indirgeme ve stabilizasyon ajani olarak kullanilmasina dayanmaktadir. Bu
yontem, nanopartikiil liretiminde siirdiiriilebilir ve ekonomik bir alternatif sunmaktadir.
Boyutlar1 1-100 nm araliginda olan nanopartikiiller, yiiksek yiizey alani ve reaktivite 6zellikleri
sayesinde biyomedikal uygulamalarda genis kullanim alani bulmaktadir. Bu baglamda, giimiis
nanopartikiiller (AgNP’ler), oOzellikle belirgin antimikrobiyal etkileri nedeniyle dikkat
cekmektedir.

Bu calismada, safran stigma ekstrakti kullanilarak giimiis nitrat (AgNOs) cozeltisi ile yesil
sentez yontemiyle glimiis nanopartikiiller elde edilmistir. Ayrica, dogrudan safran tozu ile
gerceklestirilen sentez, safran ekstrakti kullanilarak gerceklestirilen sentez ve ultraviyole (UV)
151k altinda gergeklestirilen sentez yontemleri karsilagtirmali olarak incelenmistir. Elde edilen
nanopartikiillerin antimikrobiyal etkinlikleri, disk diflizyon yontemi kullanilarak Escherichia
coli ve Staphylococcus aureus bakterileri izerinde degerlendirilmistir.

Sonuglar, safran ekstrakti araciligiyla sentezlenen AgNP’lerin 6zellikle Staphylococcus aureus
iizerinde en yiiksek antimikrobiyal aktiviteyi gosterdigini ve yaklasik 3 mm ¢apinda belirgin
bir inhibisyon zonu olusturdugunu ortaya koymustur. Buna karsin, safran tozu ile sentezlenen
ve UV yontemi ile elde edilen nanopartikiillerde daha diisiik diizeyde (yaklasgitk 1 mm)
inhibisyon gozlemlenmistir. Escherichia coli lizerinde ise genel olarak daha siirli bir etki tespit
edilmis; ekstrakt aracili nanopartikiillerin yalnizca kismi inhibisyon sagladig1 belirlenmistir.
Safranin tek basina kullanildigi kontrol gruplarinda ise anlamli bir antimikrobiyal etki
gbozlemlenmemistir.

Anahtar Kelimeler: Safran (Crocus sativus L.), Glimiis nanopartikiiller, Yesil sentez
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OZET

Bu ¢alismada, zengin fenolik ve flavonoid igeriligi olan, ayrica gii¢lii antioksidan kapasitesiyle
yerel olarak bol bulunabilir olmasi oOzellikleriyle secilmis karayemis bitkisi (Prunus
Laurocerasus) ekstraktt kullanilarak giimiis nanopartikiillerin (AgNP)yesil sentezi
gerceklestirilmis ve elde edilen nanopartikiiller biyobozunur bir polimer olan polilaktik asit
(PLA)matrisi ile birlestirilerek antibakteriyel 6zellikleri incelenmistir. Calismanin temel amaci
cevre dostu yontemler kullanilarak sentezlenen nanopartikiillerin antimikrobiyal etkinliklerinin
degerlendirilmesidir.

Deneysel siirecte bir karayemis ekstrakti hazirlanmis ve glimiis nitrat ¢ézeltisi ile belli oranlarda
karistirilarak yesil sentez yontemiyle glimiis nanopartikiiller elde edilmistir. Bunun yani sira
karsilagtirma amaciyla ultraviyole (UV) 1s1k kullanilarak giimiis iyonlarinin indirgenmesi ile
alternatif bir nanopartikiil sentezi gerceklestirilmistir. Bu nanopartikiiller, hazirlanan polilaktik
asit (PLA) matrisi icerisine katilarak nanokompozit filmler olusturulmustur.

Antimikrobiyal etkinlik testleri Escherichia coli ve Staphylococcus aureus bakterileri tizerinde
yapilmistir. Elde edilen sonuglara gore; Escherichia coli ilizerinde karayemis ekstrakti ile
sentezlenen giimiis nanopartikiiller iceren PLA kompozit filmlerin UV yontemi ile sentezlenen
nanopartikiiller igeren filmlere kiyasla daha yiiksek antimikrobiyal etki gosterdigi
gozlemlenirken, Staphylococcus aureus iizerinde karayemis ile sentezlenen glimiis
nanopartikiiller iceren PLA kompozit filmlerin etkinliginin daha az oldugu goriilmiistiir. Bu
sonuclar nanopartikiil sentez yontemine bagli olarak degisen partikiil boyutu, yilizey 6zellikleri
ve iyon salinim mekanizmalar ile iliskilendirilebilirken ayrica elde edilen PLA-AgNP
kompozit filmlerinin farkli bakteri tiirlerine karsi degisken etkinlik gdstermesini ve bu
materyallerin hedefe yonelik antibakteriyel uygulamalarda kullanilma potansiyelini ortaya
koymaktadir. Bu ¢aligma, yesil sentez yaklagimi ile gelistirilen nanokompozitlerin biyomedikal
ve endiistriyel alanlarda kullanim potansiyeline katki saglamaktadir.

Anahtar Kelimeler: Karayemis(Prunus laurocerasus), Giimiis nanopartikiiller, Yesil sentez,
Polilaktik asit(PLA), Antimikrobiyal aktivite, Nanokompozit film.
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ABSTRACT

Climate change is a major global environmental issue whose impacts are becoming increasingly
evident across natural systems. Among the most affected components are inland water
resources. Rising temperatures, irregular precipitation patterns, and the increasing frequency of
extreme weather events directly influence both the quantity and quality of inland water systems
such as lakes, rivers, and groundwater. This study aims to analyze the effects of climate change
on inland water resources through a systematic literature review. Within this scope, changes in
the hydrological cycle, atmosphere-hydrosphere interactions, and transformations in water
regimes are examined using a holistic approach. By reviewing recent scientific studies, this
research identifies the short- and long-term impacts of climate change on inland water resources
and discusses their implications for water resource management and sustainability policies. The
findings are expected to contribute to the development of effective strategies for the protection

and sustainable management of inland water resources.

Key Words: Climate change, inland water resources, water management, sustainability.
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Hayvansal gidalar, beslenmede temel enerji ve protein kaynagi olmasinin yani sira, esansiyel
yag asitleri ve yagda ¢Ozlinen vitaminler acisindan da biiyilk dneme sahiptir. Hayvanlarin
tilkettigi besinler ve metabolik farkliliklar1 gidalarin biyokimyasal 6zelliklerini dogrudan
etkiler. Ozellikle yag asidi profili, gidanin besin degerini ve dolayisiyla saglk iizerindeki
etkisini belirler. Coklu doymamis yag asitleri bakimindan zengin gidalar, kardiyovaskiiler
saglik agisindan faydali olurken, doymus ve okside olmus yaglarin tiiketimi olumsuz etkilere
yol acabilir.

Lipid peroksidasyonu, hayvansal gidalardaki lipitlerin serbest radikaller tarafindan okside
edilmesiyle baslar ve malondialdehit, hidroperoksitler gibi reaktif aldehitlerin olusumuna neden
olur. Bu slire¢ hem gida kalitesini diisiiriir hem de tiiketildiginde organizmada oksidatif stresin
artmasina sebep olur. Hayvan dokularinda lipid peroksidasyonunun siddeti, yas, metabolik hiz
ve antioksidan kapasite ile dogrudan iligkilidir. Selenyum ve vitamin E gibi antioksidan
takviyeleri, gidalardaki lipid peroksidasyonunu azaltarak hayvan saghigin1 ve gida kalitesini
artirir.

Histolojik analizler, lipid peroksidasyonu ve oksidatif stresin dokusal yansimalarin1 gosterir.
Kas dokusunda miyofibril yikimi, sitoplazmik vakuolizasyon ve yag infiltrasyonu, karaciger
dokusunda hepatositlerde yag damlaciklar1 ve mikrovakuolizasyon tipik histolojik bulgulardir.
Bu bulgular biyokimyasal verilerle birlikte degerlendirildiginde, hayvan sagligi ve gida kalitesi
hakkinda objektif bilgiler saglar. Ayrica, hayvanin tiirii, genetik yapis1 ve iiretim kosullari, yag
asidi profili ve dokusal butunlik tzerinde belirleyici rol oynar.

Sonug olarak, hayvansal gidalarin biyokimyasal niteligi, lipid peroksidasyonu ve dokusal
histolojik degisiklikler hem hayvan sagligi hem de insan beslenmesi agisindan kritik 6neme
sahiptir. Antioksidan takviyeler ve uygun beslenme stratejileri, lipid stabilitesini koruyarak
dokusal biitiinliigli saglar ve gidanin besin degerini artirir. Bu ¢calisma, hayvansal gidalarda yag
asidi profili, lipid peroksidasyonu ve histolojik degisiklikler arasindaki iliskilerin kapsamli bir
sekilde sunmay1 amaglamaktadir.
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FATTY ACID PROFILE, LIPID PEROXIDATION, AND HISTOLOGICAL
ALTERATIONS IN ANIMAL-DERIVED FOODS

ABSTRACT

Animal-based foods are not only a primary source of energy and protein in the diet but also
play a significant role in providing essential fatty acids and fat-soluble vitamins. The foods
consumed by animals and their metabolic differences directly influence the biochemical
properties of these foods. In particular, the fatty acid profile determines the nutritional value of
the food and, consequently, its impact on health. Foods rich in polyunsaturated fatty acids are
beneficial for cardiovascular health, while the consumption of saturated and oxidised fats can
have adverse effects.

Lipid peroxidation begins with the oxidation of lipids in animal-based foods by free radicals,
leading to the formation of reactive aldehydes such as malondialdehyde and hydroperoxides.
This process both reduces food quality and causes increased oxidative stress in the body when
consumed. The severity of lipid peroxidation in animal tissues is directly related to age,
metabolic rate, and antioxidant capacity. Antioxidant supplements such as selenium and
vitamin E improve animal health and food quality by reducing lipid peroxidation in foods.

Histological analyses reveal the tissue manifestations of lipid peroxidation and oxidative stress.
In muscle tissue, typical histological findings include myofibril breakdown, cytoplasmic
vacuolisation, and fat infiltration, while in liver tissue, they include fat droplets and
microvacuolarisation in hepatocytes. When evaluated in conjunction with biochemical data,
these findings provide objective information about animal health and food quality. Furthermore,
the animal species, genetic makeup, and production conditions play a decisive role in the fatty
acid profile and tissue integrity.

Consequently, the biochemical quality of animal foods, lipid peroxidation, and histological
changes in tissues are critically important for both animal health and human nutrition.
Antioxidant supplements and appropriate feeding strategies maintain lipid stability, ensure
tissue integrity, and enhance the nutritional value of food. This study aims to comprehensively
present the relationships between fatty acid profile, lipid peroxidation, and histological changes
in animal-derived foods.

Keywords: Animal-derived food, fatty acid profile, lipid peroxidation, oxidative stress
1.GIRIS

Hayvansal gidalar, insan beslenmesinde temel enerji ve protein kaynagi olmasinin yan sira,
esansiyel yag asitleri, doymamis yaglar ve lipofilik vitaminler agisindan da kritik 6neme
sahiptir (Avcilar ve ark., 2023). Bu gidalarin biyokimyasal niteligi hem hayvanin rasyonuna
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hem de metabolik durumuna bagl olarak degiskenlik gosterir (Geay ve ark., 2001). Ozellikle
yag asidi profili, gidanin besin kalitesini ve insan saglig1 lizerindeki etkisini dogrudan belirler.
Ornegin, doymamis yag asitleri (omega-3 ve omega-6) bakimindan zengin et ve siit iiriinleri,
kardiyovaskiiler hastalik riskini azaltan biyolojik faydalar sunar (Simopoulos, 2008). Buna
karsilik, doymus yag oran yliksek ve oksidasyona ugramis iirlinler hem besin degerini diisiiriir
hem de insan sagligin1 olumsuz etkileyebilir (Vieira ve ark., 2015).

Hayvansal gidalarda lipidlerin oksidatif stabilitesi hem iiretim hem de depolama siireclerinde
lipid peroksidasyonu ile belirlenir. Lipid peroksidasyonu, serbest radikallerin 6zellikle ¢oklu
doymamis yag asitlerine saldirmasi ile baslar ve malondialdehit (MDA), hidroperoksitler ve
diger reaktif aldehitlerin olusumuna yol agar (German, 1999). Bu silire¢ hem gida kalitesini
bozarak tat, renk ve koku degisikliklerine neden olur hem de tiiketildiginde organizmada
oksidatif stresin artmasina katkida bulunur. Hayvan dokularinda lipid peroksidasyonunun
siddeti, yas, metabolik hiz, antioksidan savunma kapasitesi ve beslenmede antioksidan
vitaminler ile dogrudan iliskilidir. Ornegin, selenyum ve vitamin E takviyeleri hem dokusal
hem de gidalardaki lipid peroksidasyonunu belirgin sekilde azaltabilir, bu da hem hayvan
sagligint hem de insan tiiketimi igin {iriin kalitesini iyilestirir (Chauhan ve ark., 2014).

2. DOKUSAL HiSTOLOJIK DEGIiSIiKLIKLER

Dokusal histolojik degisiklikler, hayvansal gidalarin biyokimyasal ve lipid profili ile dogrudan
iliskilidir. Ozellikle kas dokusu, karaciger ve bdbrekler, lipid peroksidasyonu ve oksidatif
stresin morfolojik gostergelerini sunar (Nishi ve ark., 2019). Lipid peroksidasyonu arttiginda,
kas liflerinde dejeneratif degisiklikler, miyofibril yikimi, sitoplazmik vakuolizasyon ve yag
infiltrasyonu gozlemlenir. Kas lif tipi ve hayvan irkinin et kalitesi tizerindeki etkisi literatlrde
tartismall bir konudur. Bazi ¢aligmalar histolojik yapi ile duyusal 6zellikler arasinda dogrudan
bir iliski bulamazken (Cherian ve ark., 2013), digerleri tip IIb kas liflerinin sayist ile etin rengi
ve olgunlugu arasinda anlamli iligkiler ortaya koymustur (Aouadi ve ark., 2014). Ayrica
biiylime promotorleri ve anabolik steroidlerin kas proteinlerinin birikimini hizlandirdigi, buna
karsin yag birikimini daha sinirh etkiledigi bildirilmektedir (Marusi¢ Radovci¢ ve ark., 2019).
Karaciger dokusunda ise hepatositlerde yag damlaciklari, mikrovakuolizasyon ve oksidatif
hasarin histolojik isaretleri belirginlesir (Asghar ve ark., 2021). Bu morfolojik bulgular,
biyokimyasal analizlerle birlikte degerlendirildiginde hayvan saghiginin ve gida kalitesinin
objektif bir gdstergesi olarak kullamlabilir. Ornegin, omega-3 bakimindan zengin rasyonla
beslenen hayvanlarin kas dokularinda lipid peroksidasyonu diisiik ve histolojik biitiinliik
korunmusgken, oksidatif strese maruz kalan hayvanlarda kas liflerinde belirgin yikim ve
inflamatuar infiltrasyon gordlir (Jannas-Vela ve ark., 2023).

Yag asidi profili, sadece hayvanin beslenme programina degil, ayn1 zamanda genetik yapisina,
tiretim kosullarina ve kesim yasma bagli olarak da degisir (De Smet ve ark., 2004).
Ruminantlarda rumen mikroflorasinin yag asitlerini hidrojenize etmesi, yag profilini doymus
yag lehine degistirirken, monogastrik hayvanlarda diyetle alinan ¢oklu doymamis yag asitleri
daha dogrudan dokuya geger (Doreau & Ferlay, 1994). Bu durum, insan beslenmesinde gidanin
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kalitesini belirleyen onemli bir parametre olarak one ¢ikar. Ayrica, depolama ve isleme
kosullar1 da lipid peroksidasyonunu artirarak dokusal yapiy1 bozabilir ve gida giivenligini tehdit
edebilir (Dragoev, 2024). Bu nedenle, hayvansal gidalarda lipid stabilitesi ve histolojik
biitiinliigli korumak icin antioksidan takviyeleri, uygun soguk zincir yOnetimi ve besin
planlamasi kritik Gneme sahiptir.

3. LiPiD PEROKSIDASYONU SONUCU ETLERDE OLUSAN DEGIiSiMLER

Lipid peroksidasyonu etin rengini 6nemli Olclide etkiler. Taze ette bulunan parlak kirmizi
oksimiyoglobin, oksidasyon sonucu kahverengi metmiyoglobine doniisiir (Shleikin ve ark.,
2014; Tang ve ark., 2005) Bu doniisiim tiiketici algis1 agisindan kritik olup, iiriiniin tazeligi
hakkinda dogrudan bir gosterge olarak degerlendirilir. Ayn1 zamanda lipid oksidasyonu sonucu
olusan reaktif tiirler, miyoglobin oksidasyonunu hizlandirarak renk bozulmasini artirir (Wu ve
ark., 2022). Etin tekstiirel 6zellikleri de lipid peroksidasyonu ile degisime ugrar. Okside lipidler
ile proteinler arasinda meydana gelen reaksiyonlar, proteinlerin ¢apraz baglanmasina ve
polimerizasyonuna neden olur. Bu durum, proteinlerin ¢oziiniirliigiinii azaltir, enzimatik

aktiviteleri baskilar ve etin sertlesmesine yol acgarak iiriiniin genel kabul edilebilirligi diiser
(Hes, 2017).

Besin degeri agisindan bakildiginda, lipid peroksidasyonu vitaminlerin (6zellikle A, E ve C)
oksidasyonuna neden olurken, ayni zamanda proteinlerin fonksiyonel 6zelliklerini de bozar
(Choe & Min, 2005). Ayrica bu siiregte olusan toksik bilesikler, gidanin giivenligini tehdit eder.
Bu nedenle lipid oksidasyonu, et trtinlerinin raf 6mrind belirleyen en 6nemli faktorlerden biri
olarak kabul edilmektedir. Lipid peroksidasyonunun etkileri yalnizca gida kalitesi ile sinirlt
degildir; ayn1 zamanda insan saglig: lizerinde de 6nemli sonuglar dogurabilir. Oksidatif stres,
serbest radikallerin artis1 ve antioksidan savunma sistemlerinin yetersizligi sonucu ortaya ¢ikan
bir durumdur ve bir¢ok hastaligin temelinde yer almaktadir (Choe & Min, 2005; Huang & Ahn,
2019). Lipid peroksidasyonu sonucu olusan reaktif karbonil bilesikleri, bu stresin énemli
gostergeleri olarak kabul edilir (Altomare ve ark., 2021).

4. SONUC

Sonu¢ olarak, hayvansal gidalarin biyokimyasal kalitesi, 6zellikle yag asidi profili ve lipid
peroksidasyonu hem hayvan sagligi hem de insan beslenmesi agisindan temel belirleyicilerdir.
Lipid peroksidasyonu, dokusal histolojik degisikliklerle dogrudan iliskili olup, oksidatif stresin
morfolojik gostergeleri olarak degerlendirilebilir. Antioksidan vitaminler ve eser element
takviyeleri, bu siireci kontrol altina almakta ve hem doku biitiinliigiinii hem de gida kalitesini
korumaktadir. Bu derleme, hayvansal gidalardaki yag asidi profili, lipid peroksidasyonu ve
dokusal histolojik degisiklikler arasindaki iliskilerin kapsamli bir sekilde anlasilmasinm
saglayarak, veteriner biyokimya ve histoloji perspektifinden hayvan sagligi ve gida giivenligi
literatiiriine katki sunmay1 amaglamaktadir.
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OZET

Hayvansal gidalarin biyokimyasal kalitesi ve dokusal biitiinliigii, protein yapisinin korunmasina
baghdir. Isleme, pisirme ve depolama sirasinda proteinler, denatiire olabilir ki bu da amino asit
diziliminin bozulmasi, su baglama kapasitesinin azalmasi ve dokusal yapinin degismesine yol
acar. Protein denatiirasyonu, et ve et lirlinlerinde kas dokusunda liflerin sertlesmesi, gevsek bag
dokusu yapist ve hiicresel organizasyonun bozulmasi gibi histolojik degisikliklerle birlikte
goriiliir. Bu degisiklikler hem gida kalitesini hem de gidanin besin degerini etkiler. Bu
caligmada, hayvansal gidalarda protein denatiirasyonunun biyokimyasal degisimleri, histolojik
etkileri ve gida isleme kosullarinin etkileri ele alinmistir. Ayrica protein denatiirasyonunun
Olclimii i¢in kullanilan biyokimyasal ve histolojik analiz yontemleri tartisilmistir. Sonug olarak,
protein yapisinin korunmasi hem besin degerinin hem de tiiketici kabuliiniin artirilmasinda
kritik bir rol oynar.

Anahtar kelimeler: Hayvansal gida, protein denatiirasyonu, histolojik degisiklikler,
biyokimya

PROTEIN DENATURATION AND HISTOLOGICAL CHANGES IN ANIMAL-
DERIVED FOODS

ABSTRACT

The biochemical quality and textural integrity of animal-derived foods depend on the
preservation of protein structure. During processing, cooking, and storage, proteins can
denature, leading to disruption of the amino acid sequence, decreased water-binding capacity,
and altered textural structure. Protein denaturation in meat and meat products is accompanied
by histological changes such as stiffening of muscle fibers, loose connective tissue structure,
and disruption of cellular organization. These changes affect both food quality and nutritional
value. This study examines the biochemical changes, histological effects, and the impact of
food processing conditions on protein denaturation in animal-derived foods. Furthermore,
biochemical and histological analysis methods used to measure protein denaturation are
discussed. In conclusion, preserving protein structure plays a critical role in improving both
nutritional value and consumer acceptance.
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1. GIRIS

Hayvansal gidalarin kalitesi ve besin degeri, biiyiik 6l¢iide proteinlerin yapisal biitiinliigiine
baglidir. Et ve et tirlinleri, siit ve siit iirlinleri gibi protein agisindan zengin gidalarin protein
kalitesi islem ve depolama kosullarina duyarlidir (Borad ve ark., 2017; Amit ve ark., 2017).
Protein oksidasyonu, reaktif oksijen tiirleri ile dogrudan reaksiyonlar veya oksidatif stresin
ikincil yan Urlnleriyle dolayl reaksiyonlar sonucu olusan proteinin kovalent modifikasyonu
olarak tanimlanir. Bu siire¢ sirasinda, hidrojen baglari, iyonik baglar ve distilfit kopriileri
parcalanir, hidrofobik bolgeler agiga cikar ve protein molekiilii ¢6kmeye veya agregasyon
gostermeye baslar. Denatiirasyon, yalnizca proteinin yapisal 6zelliklerini degil, ayn1 zamanda
¢oOziiniirligilini, jel olusturma kapasitesini, su tutma yetenegini ve tekstiirel 6zelliklerini de
etkiler (Zhang ve ark., 2013).

2. HAYVANSAL GIDALARDA PROTEIN MODIiFiKASYONLARI

Siit ve siit Urtinlerinde isleme kosullarina bagl olarak siit proteinlerinin yapisi ¢esitli sekillerde
degisebilir. Isleme sirasinda meydana gelen baslica protein modifikasyonlari, proteinin
denatlirasyonu ve agregasyonu ile amino asitlerinin kimyasal modifikasyonlaridir. Bu isleme
bagl protein modifikasyonlari, sindirimi ve bu proteinlerin tiikketiminin genel fizyolojik etkisini
degistirebilir. Isil islem uygulamanin proteinler iizerindeki etkisinin en ¢ok incelenen fizyolojik
sonugclari sindirilebilirlik ve biyoyararlanimdir (van Lieshout ve ark., 2020).

Kas dokusunda postmortem muayenede protein oksidasyonunun et kalitesi icin énemli bir etken
oldugu ve depolama sirasinda kasin antioksidan savunma sistemini koruma yetenegi azaldigi
icin reaktif oksijen ve azot tiirlerinin birikiminin artmasina yol agtig1 bilinmektedir (Renerre ve
ark.,1996). Reaktif oksijen ve azot tiirleri, protein yapisin1 ve enzim aktivitesini degistirerek,
protein oksidasyon seviyelerinin artmasina neden olabilmektedir. Bu degisiklikler, kasin ete
doniistimiinii diizenlemede ve dolayisiyla et kalitesini kontrol etmede rol oynamaktadir (Zhang
ve ark., 2013). Ek olarak, protein oksidasyonunun neden oldugu degisiklikler, amino asit
kalintilarinin biyoyararlanimini azaltabilir ve proteinlerin sindirilebilirligini degistirebilir; bu
da et proteinlerinin besin degerlerini olumsuz etkiler (Lund ve ark., 2011).

Protein denatiirasyonunun baslica tetikleyicileri arasinda 1s1, mekanik stres, pH degisiklikleri,
tuz ve enzimatik faaliyetler bulunur (Xiong, 1997). Ornegin, yiiksek sicaklik uygulamalari
etlerde miyofibrillerin biiziilmesine ve sarkomer uzunlugunun kisalmasina yol agarken, diisiik
pH kosullar1 (6rnegin, et isleme sirasinda asitle marinasyon) protein yiik dagilimini degistirerek
¢cOziinlirliigli azaltir ve kas dokusunda su kaybini artirir (Tornberg, 1996). Tuz ve fosfatlar ise
iyonik ortam1 degistirerek proteinlerin jel olusturma ve su tutma yeteneklerini modiile eder, bu
sebeple islenmis et lirlinlerinde bu katki maddeleri kritik 6neme sahiptir (Asghar ve ark., 1985).
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3. YAPISAL BOZULMANIN HiSTOLOJIK VE BiYOKIMYASAL
DEGERLENDIRMESI

Histolojik ag¢idan, protein denatlirasyonu kas liflerinde belirgin morfolojik degisikliklerle
kendini gosterir. Miyofibrillerin paralel dizilimi bozulur, Z cizgileri kaybolur ve sarkoplazmik
retikulumda vakuolizasyon gdzlenir. Interstisyel bosluklar artar, bag dokusu yapisi gevser ve
kas lifleri arasindaki sinerjik baglantilar zayiflar (Jung ve ark., 2010). Bu degisiklikler, etin
tekstiiriinii, sertligini ve su tutma kapasitesini dogrudan etkiler. Benzer sekilde, siit ve siit
iirinlerinde 1s1 ile muamele edildiginde whey proteinleri ve kazein kompleksleri agregasyon

gosterir ki bu da protein aglarinin yogunlasmasi ve gézenekli yapinin azalmasi ile sonuglanir
(Lu ve ark., 2015; Mc Cormick, 1994).

Protein denatiirasyonu, hayvansal gidalarin biyokimyasal ve duyusal 6zellikleri iizerinde de
etkili olur. Ornegin, Maillard reaksiyonlar1 ve protein-lipid etkilesimleri, amino asitlerin ve
sekerlerin sicaklik ve pH etkisi altinda renk degisimleri, aroma olusumu ve besin degerindeki
kayiplarla sonuclanir (Altun ve ark., 2024). Ozellikle lizin ve triptofan gibi esansiyel amino
asitler ytliksek sicaklik ve oksidatif stres altinda kolayca modifiye olur, bu da gidanin protein
kalitesini diistiriir (Yuan ve ark., 2014).

Biyokimyasal analizler, protein denatiirasyonunun dlciminde kritik 6neme sahiptir. Fourier
dontisimli kizilotesi spektroskopisi (FTIR), dairesel dikroizm (CD) ve diferansiyel tarama
kalorimetrisi (DSC) gibi spektroskopik ve termal yontemler, proteinin ikincil ve tigiinciil yapi
degisikliklerini nicel olarak ortaya koyar (Menéndez ve ark., 1995). Protein ¢oziiniirliigii ve jel
formasyon testleri, denatiirasyonun fonksiyonel etkilerini degerlendirirken, amino asit analizi
ve HPLC, esansiyel amino asit kaybini belirlemek icin kullanilir (Xiong, 1997). Histolojik
analizler ise hematoksilen-eozin gibi boyama yontemleri ile kas liflerinin morfolojik durumunu
ve bag dokusunun yogunlugunu gosterir (Altun ve ark., 2015).

Hayvansal gidalarda protein denatiirasyonu yalnizca kaliteyi degil, ayni zamanda gida
giivenligi ve tiiketici kabuliinii de etkiler. Ozellikle islenmis et iiriinlerinde asir1 denatiirasyon,
etlerin sertlesmesine sebep oldugu i¢in tiiketici tarafindan olumsuz algilanir. Siit iirlinlerinde
ise protein agregasyonu, peynir ve yogurt gibi fermente iirlinlerin tekstiir ve viskozitesini
degistirir (Delikanli & Ozcan, 2017). Bu nedenle, isleme ve depolama kosullarinin optimize
edilmesi, protein yapisinin korunmasi ve histolojik biitiinliigiin saglanmasi agisindan 6nemlidir.

4. SONUC

Sonug olarak, hayvansal gidalarda protein denatiirasyonu hem biyokimyasal hem de histolojik
diizeyde kaliteyi belirleyen kritik bir siiregtir. Protein yapisinin korunmasi, besin degeri, tekstiir
ve tiiketici kabulli agisindan hayati éneme sahiptir. Gelecekteki arastirmalar, farkli isleme
yontemlerinin protein stabilitesi ve histolojik biitiinliik iizerindeki etkilerini karsilagtirmali
olarak incelemeli ve yeni analiz teknikleri gelistirilmelidir.
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OZET

Giines enerjisinden elektrik liretmek amaciyla kullanilan fotovoltaik (PV) modiillerin verimini
etkileyen isletimsel faktorlerin olumsuzluklarinin azaltilmasi, PV doniisiim verimliligini
artirarak, ayni gelen 1simim siddetinde ayni hiicrenin aktif yiizey alanindan daha fazla gigc
iiretme olasilig1 nedeniyle ekonomik 6neme sahiptir. Bu nedenle, PV sistemin kullaniminda,
modullerin kirlenmesine 6zel 6nem verilmesi gerekir. Golgelenme, PV sistemin enerji
iretimini ve buna bagl olarak kazanglari dnemli 6l¢iide sinirlayan ve sistemin geri 6deme
stiresini uzatan onemli bir sorundur. Tasarim agsamasinda, potansiyel golgeleme kaynaklarini
belirlemek ¢ok onemlidir. PV modiiller, ¢esitli kirleticilerin birikmesi de dahil olmak {izere,
giinliik atmosferik faktorlere maruz kalir. Kisa bir kullanim siiresinden sonra bile, dogal olarak
biriken kirletici tabakasi, glines 1sinimini elektrige doniistiirme veriminin azalmasina neden
olur. Kirlilik nedeniyle giin i¢indeki enerji kayiplari, kirlilik derecesine bagl olarak %2,8 ile
%350 arasinda degismektedir. Temizleme, belirli araliklarla veya PV modiillerin temizlik
durumunun degerlendirilmesine bagli olarak gerceklestirilebilir. Biiyiik PV tesisler i¢in robotik
temizleme sistemleri kullanilabilir. Ancak ¢ogu sistem tasariminin bu tiir bir temizleme
sisteminin hareketini karsilayacak sekilde tasarimlanmasi gerekir. Bu bildiride, PV sistemlerde
kirlenme nedeniyle verim azalmasi ve kirlenmenin Onlenmesi i¢in kullanilan yontemler
incelenmistir.

Anahtar Kelimeler: Fotovoltaik (PV) sistemler, Verim azalmasi, Kirlenme, Temizleme

1. GIRIS

Giines enerjisinden elektrik iiretimi, son yillarda kurulu kapasitesi siirekli artarak,
kiiresel olarak yayginlagsmaktadir (Gorsel 1). Bu biiyiime, esas olarak cesitli fotovoltaik (PV)
teknolojilerin maliyetinin azalmasi ve sera gazi (GHG) emisyonlarinin azaltilmasina verilen
Onemin artmasiyla desteklenmistir. Yenilenebilir enerji kullaniminin tesvikine yonelik ulusal
ve uluslararasi girisimler de, 6zellikle Tiirkiye gibi giines enerjisi acisindan zengin iilkelerde,
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temiz enerjiye yonelik artan talebi karsilamak i¢in biiyiik 6l¢ekli giines enerjisi projelerinin
hayata gegirildigi genislemede kilit rol oynamustir.

Gines PV
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Gorsel 1. Aciklanan Politika Senaryosunda Kiiresel Elektrik Uretimi (TWh) (IEA, 2025)

PV modiillerin {izerinde toz birikmesi nedeniyle, giines sistemlerinin verimliligi ve
stirdiiriilebilirligiyle ilgili zorluklar, PV sistemlerin performansini etkileyen baslica faktorler
arasinda yer almaktadir. Bu sorun, havada taginan tozun modiil yiizeylerine yerlesebilecegi ve
bdylece enerji iiretimini dnemli 6l¢iide azaltabilecegi ¢6l ve yar1 kurak ortamlarda daha da
onemlidir. Bu konu, PV tesis performansini artirmak isteyen arastirmacilar i¢in odak noktasi
olmaya baglamistir. Giincel arastirmalar, bu sorunun ¢esitli boyutlarini degerlendirmektedir.
Bunlar arasinda, toz bilesiminin ve birikiminin panel verimliligi iizerindeki etkisi (Fatime ve
Ark., 2024), otonom temizleme yontemleri (Ding, 2022) ve PV sistemleri ongoriicii bakimi yer
almaktadir. Arastirmalarda, yerinde deneysel ¢alismalardan 6ngoériicii sayisal simiilasyonlara
kadar 6nemli bir yelpazede bu konuya yaklasmaya c¢alisilmistir. Toz birikiminin, ¢evresel
kosullara ve maruz kalma siiresine bagl olarak PV modiillerin performansint %30 oranina
kadar azalttig1 bulunmustur (Kazem, 2023).

Kirliligin boyutu ve ortaya ¢ikan temizleme rejimi, yerel kirlilik kaynaklaria baglidir.
Cogu kullanici, temizligi sinirlandirir ve PV modiilleri temiz tutmak i¢in yagmura giivenir.
Siddetli yagmur tatmin edici temizleme sonuclar1 saglarken, hafif yagmurlar ¢cok daha az etkili
temizlik saglar ve toz su damlaciklarina yapisirsa kirliligi artirabilir. Bununla birlikte, 6zel
kosullar altinda, kirliligin kaynagina ve niteligine bagli olarak, temizlik programli olarak
yapilmalidir. PV sistemin kullaniminda, kullanicinin PV modiillerin gblgelerden ve kirlerden
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aridirilmis oldugundan emin olmasi gerekir. Bu olumsuzluklarin 6nlenmesi i¢in, otonom
temizleme sistemlerinin elektrostatik kuvvetlere dayali kullanimi veya toz etkisini gergek
zamanl olarak izleyebilen sensorlerin entegrasyonu gibi ¢esitli yeni ¢oziimler onerilmistir
(Heo, 2024). Bu nedenle, bu bildiride, PV sistemlerin kirlenme nedeniyle verim azalmasi
konusunda yapilmis arastirmalarin bulgularint incelemek ve bu konudaki teknolojik
gelismelerin degerlendirilmesi amaglanmaistir.

2. TOZ BiRiKiMiNiN FOTOVOLTAIK MODUL PERFORMANSINA ETKILERI

Fotovoltaik (PV) modiil yiizeylerinde toz birikmesi verimliliklerini etkiler. Caligmalar,
toz birikiminin PV hiicrelere gelen giines 1sinimin1 azalttigini ve bunun da enerji Gretiminde
azalmaya neden oldugunu gostermistir. Genel olarak, ortamdaki toz, verimlilikte yaklasik %20
oraninda bir azalmaya neden olur (Babalola ve Ark., 2024). Ayrica, PV modiil yiizeylerindeki
toz birikiminin yogunlugu ile gii¢ ¢ikis1 kaybi arasinda acik bir iliski vardir. Ek olarak, toz
bilesimi de esit derecede &nemlidir. Ozellikle daha ince ve dolayisiyla daha yapiskan
pargaciklara sahip kar yagisinda, enerji iiretim kapasitesinde uzun siireli bir sinirlama olur.
Diisiik riizgar hizlar1 veya kismen yiliksek nem gibi iklim kosullarinin toz yapismasini
destekledigi belirtilmistir (Ding, 2022). Yogun toz birikiminin gii¢ ¢ikisi iizerindeki etkilerini
belirlemek icin yapilmistir laboratuar arastirmalar1 yapilmistir (Gorsel 2). Gii¢ ¢ikist modiil
tozla kaplandikga {istel olarak azaldigi Gorsel 2’den goriilebilir. Bu durumun nedeni, yiizey
kirlenmesi nedeniyle PV modiile ulasan 1sinimin 6énemli diizeylerde azalmasidir.

1001

801

Gl clkigl (mW)

0 5 10 15 20
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Gorsel 2. Laboratuar Olcekli Bir Fotovoltaik (PV) Modiilde Toz Ortiisiine Karsi Gii¢ Cikisinin
Azalmasi (Abdessadak ve Ark., 2025)

2.1. Fotovoltaik Modiil Yiizey Kirliligi Ve Hiicre Verimliligi

Fotovoltaik (PV) moduller, kirleticilerin birikmesi de dahil olmak (zere, gunlik
atmosferik faktorlere maruz kalir. Kisa bir kullanim siiresinden sonra bile, dogal olarak biriken
kir tabakasi, giines 1stnimin1 elektrige doniistiirme veriminin azalmasina neden olur. Kirlilik
nedeniyle giin i¢indeki enerji kayiplari, kirlilik derecesine bagli olarak %2,8 ile %50 arasinda
degismektedir (Said ve Ark., 2024).

PV modiiliin 6n kapaginin gecirgenligindeki azalma derecesi, %60’1n iizerine bile
ulagabilen bir oranda, modiiliin egim acisiyla yakindan iligkilidir. Egim ag1s1 ne kadar biiyiikse,
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kirleticilerin modil yiizeyinde birikmesi o kadar yavas olur (Rudnicka ve Klugmann-
Radziemska, 2021).

PV modiil iireticilerinin iirtinlerinin atmosferik kosullarin etkisi altinda kendi kendini
temizledigine dair iddialarina ragmen, diinya genelinde gesitli arastirma ekipleri tarafindan
cesitli iklim kosullarinda yapilan aragtirmalara dayanarak, moddllerin 6n yizeyinin duzenli
olarak kendi kendini temizlemesinin, ytzeylerinde kirleticilerin birikmesinden kaynaklanan bu
cihazlarin verimindeki azalmay1 6nleyebilecegi sOylenebilir. PV tesisin yiizeyinde kirleticilerin
birikmesi, dig cam tabakasinin gegirgenlik katsayisinda azalmaya neden olur. Bu durum, PV
hiicrelere ulasan giines 151n1m1 miktarinin azalmasina neden olur.

Kir birikiminin ilk asamasi, seffaflikta dogrusal azalmaya neden olan birikimdir; ikinci
asama ise molekiillerin kiimelenmesi ve belirli parcaciklarin mevcut Kirletici tabakasinin
uzerine ¢okelmesidir. Costa ve Ark. (2016), PV sistemlerin verimini etkileyen ana faktorlerden
biri olarak iklim kosullarinin (sicaklik ve nem) ve 1sinim siddetinin etkisini ve PV modiil
yuzeylerinin kirlenmesini incelemislerdir. Havada yiiksek konsantrasyonlarda asili partikiil
madde, yogun toz firtinalari ve sinirli su mevcudiyetinin gézlemlendigi Kuzey Afrika, Orta
Dogu, Hindistan, Cin’in ¢0l bolgeleri, Avustralya ve Amerika Birlesik Devletleri gibi gilines
enerjisi acisindan zengin bolgelerde modiil kirlenmesi sorunlarinin ¢oziilmesinin artan dnemine
dikkate ¢ekmislerdir.

Belirlenen degiskenlerdeki kayiplar, esas olarak cesitli faktorlere bagli olan toz birikim
yogunluguna baglidir. PV modiiliin yiizeyinde 20 g/m? yogunlugunda toz birikmesi, kisa devre
akimi, acik devre gerilimi ve verimi sirasiyla, %15-21, %2-6 ve %15-35 oranlarinda azaltir
(Zaihidee ve Ark., 2016). Meral ve Ark. (2011) ortalama yillik azalma faktoriiniin %93
oldugunu, diger bir deyisle %7 oraninda gii¢ kayb1 oldugunu bildirmislerdir. Saidan ve Ark.
(2016) tarafindan yapilan aragtirmanin deneysel sonuclarma gore, ¢61 bolgelerinde tozun, PV
modiillerin tozlu bir ortama maruz kalma siiresine bagl olarak, maksimum akimi %6,9 ile
%16,4 arasinda 6nemli 6l¢iide azalttig bildirilmektedir.

Endonezya’da yagmurlu mevsimde yapilan ¢alismalar (Ramli ve Ark., 2016), sadece iki
haftalik toz birikiminin, ortalama %52,24 bagil nemde PV tesisin ¢ikis giiciinde %10,8 oraninda
azalmaya neden oldugunu gostermistir. Bu durum, yiiksek hava kirliligine sahip bolgelerdeki
tipik meteorolojik kosullarin, yagmurlu mevsimde ve 6nemli bulut ortiisiiyle birlikte, PV
tesislerin verimliliginde dnemli bir azalmaya neden olabilecegi anlamina gelir.

Klugmann-Radziemska (2015), Polonya’nin Gdansk sehrine kurulmus ve Iki yildir elle
temizlenmemis olan PV modiillerde biriken kirleticileri incelemistir. Kirleticilerin bu kadar
uzun bir siire temizlenmemesi, kirleticilerin yogunlagmasina ve dogal siirecler yoluyla modiil
yuzeyine giderek daha giiglii bir sekilde yapismasina neden olur. 37° sabit bir modiil egim
acisinda, modiiller yiizeyinde toz birikimine ve yagis ve riizgarla kirleticilerin sinirh diizeyde
uzaklastirilmasina maruz kalmistir. 0,8 pm kalinligindaki kir tabakasi, yaklasik %3 oraninda
verim kaybina neden olmustur. Bu oran kirlenmemis bir modiil veriminin yaklasik %20’sine
karsilik gelmektedir. Modiil diizenli olarak temizlenirse, onemli Ol¢lide daha iyi bir durum
ortaya c¢ikacaktir. Biriken toz tabakasi daha az yogun olacak ve yagmur ve riizgarla
uzaklastirilmasi daha kolay olacaktir ve modiiliin temiz veya sadece hafif bir sekilde kirlenmis

64



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 — MUS
ISBN NR : 978-625-8795-09-7

oldugu donemler olacaktir. Polonya’nin kuzeyindeki Gdansk’in merkezinde 6l¢iilen PV modiil
verimindeki giinliik azalma, diinyanin ¢esitli yerlerinde diger arastirmacilar tarafindan yapilan
Olctimlerin sonuglartyla Gorsel 3’de karsilastirilmistir. Gorsel 3’de artan enlem sirasina gore
verilen sonuglar sunlardir: Hong Kong, Cin, Abu Dabi, Birlesik Arap Emirlikleri, Riyad, Suudi
Arabistan, Dahran, Suudi Arabistan, Gran Canaria, Ispanya Arava Vadisi, Israil. Elde edilen
%0,8 degeri digerlerine gore kismen yiiksektir. En diisiik deger Ispanya’da yapilan ¢alismalarda
belirlenmistir. Cesitli arastirmacilar tarafindan belirlenen sonuglar, temiz modiil yiizeylerine
duyulan ihtiyac gdstermektedir. Ornegin, Polonya’nin 3. gruptan 2. gruba girdigi ve bu nedenle
haftalik veya iki haftada bir temizligin onerildigi bir 6neri gelistirilmistir (Grzesiak ve Ark.,
2016). Bu smiflandirma iklimi, enlemi, yillik yagis miktarin1 ve hava sicakligini dikkate
almaktadir. Diinyanin ¢esitli bolgelerinde yapilan uzun vadeli ¢alismalarin sonuglarina gore,
diizenli temizlik, temizlenmemis modiillerin verimine kiyasla PV kurulumlarinin verimini
%9-26 oraninda artirabilir (Tylim, 2013).

PV modiil performansinda tortunun etkisini azaltmak i¢in Onerilen bir yontem, PV
modiil yilizeylerini molekiillerin yapigsmasini engelleyen ek bir tabaka ile kaplamaktir. Piyasada
bulunan hidrofobik kaplamalar {izerinde yapilan bir calismada, hepsinin hidrofobik kaplama
bulunmayan bir plakaya kiyasla, cam yiizeyinden gegen 1simim siddetinde azalmaya neden
oldugu gozlemlenmistir. Bu nedenle, son derece seffaf olan uygun bir kaplama gelistirmek son
derece 6nemlidir. Fotovoltaik (PV) modulun ylzeyine biriken Kirleticiler, hiicrelere ulasan ve
fotovoltaik doniisiimde kullanilan 1sinim miktarini azaltir. Tortu tabakasinin PV modiil
performansi {izerindeki etkisi dnemlidir. Tortu, kisa devre akimini ve dolayisiyla PV modiil
tarafindan tretilen giicli ve verimi azaltir (Mani ve Pillai, 2010). Uzun siire havada bulunan
kirleticilere ve yagisa maruz kalan PV modiiller, diizensiz ylizey kirliligi sergiler.
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Gorsel 3. Farkli Enlemlerde PV Modiiliin Giinliik Max. Verim Kayb1 (Radziemska, 2026)
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Kirleticilerin gesitli kokenleri olabilir. Topraktan gelen havada taginan toz, giibrelerden
gelen riizgarla taginan pargaciklar, bacalardan yayilan kirleticiler, agindirici fren balatalarindan
gelen pargaciklar olabilir. Toz hemen birikmez, ancak zamanla, tozlu bélgelerde glinde %0,01
ile %0,5 arasindaki bir oranda birikebilir. Bu durum, konuma bagl olarak, asir1 kirletici
birikimini 6nlemek i¢in PV modiillerin periyodik olarak yikanmasi gerektigi anlamina gelir. En
fazla miktarda ¢okelen toz, ilk ay iginde PV modil yuzeyinde birikir. Bu durum, hem 6n
kapagin gecirgenligindeki azalmanin 6l¢iimlerinden hem de biriken kirleticilerin kiitlesinden
kaynaklanmaktadir (Hassan ve Ark., 2005).

Giines enerjisi cihazinin yilizeyinde biriken kirletici miktarini etkileyen ¢esitli etmenler
vardir. Baslica etki, yillik yagis, ara sira kar ortiisii veya kuru iklimde kum firtinalar1 sirasinda
artan toz savrulmasi ve ¢0l bolgelerinde toprak parcaciklarinin daha yiiksek konsantrasyonu
gibi faktorlerle geri dondiiriilemez sekilde baglantili olan birikmedir. Gupta (2017), dlnya
genelinde c¢esitli zaman dilimlerinde (birkag giinden birkag¢ yila kadar) gergeklestirilen PV
modiillerin dogal kirlenmesi iizerine yapilan ¢aligmalarin sonuglarint vermistir. Calismalar hem
dogal kosullarda hem de laboratuarda yapilmistir. ABD’deki c¢esitli bolgelerde yapilan
Ol¢iimlerde ayda yaklasik %1, kuru iklimde ayda %9,33 ve Avrupa’da yapilan 6l¢iimlerde %6,5
oraninda modiil veriminde azalma goézlemlenmistir. Ta ve Ark. (2004) tarafindan yapilan 15
yillik bir ¢alismada, Cin’in kuzeybatisindaki Gansu bdlgesinde, tortu yogunlugunun yaklasik
25,17 g/m? oldugu 16s alanlarindaki PV modiillerin 6n plakasindaki tortu miktar1 ile daha fazla
tortunun gozlemlendigi Gobi C6lii yakinlarindaki tortu miktar1 karsilastirilmistir. Biriken tozun
yogunlugu 36,48 g/m? olarak belirlenmistir.

Fotovoltaik sistemlerdeki kayiplar agiklayan bir endiistri ¢aligmasina gore, (Walker,
2018), kirletici birikimi nedeniyle sistem veriminde genellikle %35 oraninda kayip
varsayilabilir. Ancak pratik kayip aralig1 %2 ile %25 arasinda olup, ¢ok genistir. Yillik verim
kaybi1 degerleri yagisla ilgili hataya tabi oldugundan, siddetli yagmurlar arasindaki kirletici
birikiminin giinliik dongiisiinii analiz etmek daha uygundur. Caligmalar, kirlenme nedeniyle
ortalama ginlik verim kaybinin %0,05 oldugunu bildirmektedir. Cesitli bolgelerde kirlenme
nedeniyle modiil verimi kaybinin analizi Naeem (2014) tarafindan yapilmistir. Kendi
Ol¢iimlerine dayanarak, giinlik modiil verimi kayb1 %0,061/giin olarak belirlenmistir. 186
sistemden elde edilen yayinlanmis verilerin analizi ise %0,051/glin sonucunu vermistir.
Bununla birlikte, yogun tarimsal faaliyet olan bolgelerde bu oran giinliik %0,36 iken, tarimsal,
ingaat veya endiistriyel faaliyetlerin bulunmadigi ¢61 bolgelerinde giinliik %0,01 diizeyindedir.
Ayrica, blyiik kus popiilasyonlar1 giinliik %0,5 oranina kadar kayiplara neden olabilir.
Hindistan gibi bolgelerdeki kum firtinalar1 modiil verimini %]1,5 oranina kadar azaltmistir.
Biriken toz miktari, modiiliin ylizey agisina biiyiik olgiide baghdir. Yiizey acisinin bir
fonksiyonu olarak cam seffafliginda dogrusal bir azalma gézlemlenir.

Giines enerjisi tesisinin konumuna bagli olarak, tozun bilesimi ve tane boyutu dnemli
Olclide degisir. Bu farkliliklar, PV modiil verimindeki azalma derecesini etkiler. Diinyanin
cesitli bolgelerinden toz tanelerinin bilesimi ve tane boyutu {izerine yapilan ¢aligmalarin
sonuglar1 ¢ok sayida bilimsel makalede yayinlamistir. Tozun bilesimi, bulundugu bélgeye, ¢6l
ve kentsel alanlarin varligina, 6zellikle sanayi veya otoyollara baghdir. Biiyiik sehirlerde, yiizey
kirliligi, cesitli kaynaklardan gelen havadaki sivi, kat1 ve gaz halindeki pargaciklarin bir arada
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bulunmasindan kaynaklanir. Havada bulunan agir metal parcaciklari ve organik bilesikler
oncelikle karayolu tasimaciligindan kaynaklanir. Kiikiirt, kadmiyum ve antimon parcaciklari
otoyollar boyunca bulunur ve arag¢ frenlerinden kaynaklanan asinmanin sonucudur. Ancak
kurak iklimlerde, ¢6l veya yar1 kurak alanlarda, tozun ana kaynagi topraktir. Tortular, 6rnegin
komiirle ¢aligsan enerji santrallerinden veya kentsel alanlardaki karayolu tasimaciliiyla ilgili
emisyonlardan kaynaklanan havada bulunan parcaciklar gibi, konuma 6zgii kirleticiler igerir.
Benzer sekilde, kirsal alanlar gilibre kullanimi ve tarimsal faaliyetlerden kaynaklanan 6zel
kirleticilere maruz kalir. Kii¢lik pargaciklar, daha biiyiik parcaciklara kiyasla PV modiillerin
performansin1 daha olumsuz etkiler. Fotovoltaik (PV) modiillerin ylizeyine ¢dken toz
tanelerinin boyutu, riizgarin kirleticileri tasidig1 mesafeyle iliskilidir. En kiiglik parcaciklar uzak
bolgelerden ulasabilirken, daha biiyiik pargaciklar daha uzaklardan ulasabilir.

Kus pisligi, partikiil madde kaynagi olarak PV modiil performansini 6nemli diizeyde
olumsuz olarak etkiler. Yagmur genellikle bunlar1 uzaklagtirmak i¢in yetersiz kalir ve el ile
temizlik gerektirir. Toz pargaciklarinin aksine, kus pisligi sadece bir veya birkag hiicreyi etkiler
ve yerel glines 1s1n1imin1 tamamen engeller.

3. FOTOVOLTAIK MODULLERIN TEMiZLENMESI

Yagmur, kirleticileri uzaklagtirmak konusunda onemli bir etmendir. Ancak, hava
kosullarina ve konuma bagli olarak, yagmur genellikle yetersiz olabilir ve insan is giicii veya
mekanik temizlik gerektirebilir. Kus pisligi gibi diizensiz kirlenmeyi onlemek icin dikkatli
olunmalidir. Fotovoltaik (PV) modiilleri temizlerken hasar gérmelerini 6nlemek icin de dikkatli
olunmalidir. PV modiiller, iiretici tarafindan Onerilen sade demineralize su ve hafif bir
deterjanla temizlenmelidir. Yiiksek basingli su, firga veya herhangi bir ¢6ziicti, agindiric1 veya
sert deterjan kullanilmamalidir.

Biiyiik PV tesisler i¢in robotik temizleme sistemleri (Gorsel 4) kullanilabilir. Ancak
¢ogu sistem tasariminin bu tiir bir temizleme sisteminin hareketini karsilayacak sekilde olmasi
gerekir. Temizleme, belirli araliklarla veya modiillerin durumunun degerlendirilmesine bagl
olarak gerceklestirilebilir ve kirliligin etkisi, temizligi tetikleyen aletler kullanilarak dl¢iiliir.
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Gorsel 4. Fotovoltaik (PV) Tesisler icin Robotik Temizleme Sistemi

Kirliligin boyutu ve ortaya ¢ikan temizleme rejimi, yerel kirlilik kaynaklarina baghdir.
Cogu kullanici temizligi sinirlandirir ve modiilleri temiz tutmak i¢in yagmura giivenir. Siddetli
yagmur tatmin edici temizleme sonuglar1 saglarken, hafif yagmurlar ¢ok daha az etkili temizlik
saglar ve toz su damlaciklarina yapisirsa kirliligi artirabilir. Bununla birlikte, 6zel kosullar

altinda, kirliligin kaynagina ve niteligine bagl olarak, temizlik programli olarak yapilmalidir.

Onleyici tedbirlerin alinmasini ve 6zel bir temizlik programmn gelistirilmesini
gerektirebilecek kirlilik kaynaklar1 sunlardir:

Tarimsal toz: Temizlik, pullukla siiriilme isleminden sonra planlanmalidir.

Insaat tozu: Temizlik insaat tamamlandiktan sonra yapilmalidir.

Polen: Temizlik, polen mevsiminin bitiminden sonra planlanmalidir.

Kus popiilasyonlari: Kuslarin yuva yapabilecegi modiiller arasindaki acik alanlar
sinirlandirilmalidir.

Dizel kurumu: Sehirlerde, otoyollarin veya otobiis terminallerinin yakininda yiiksek
konsantrasyonlarda bulunur.

Endustriyel kaynaklar: Endistriyel (retim tesislerinden agiga ¢ikan kirleticilerdir.

Tekdiize kirlenme durumlarinda, PV modiillerin rutin temizliginin gerekli olup

olmadigin1 belirlemek i¢in yerel, sahaya 06zgii bir maliyet-fayda analizi yapilmalidir.
Temizleme siklig1, yerel yagis ve toz kosullarina bagli olarak mevsimsel olabilir. Optimal
temizlik programini etkileyen ¢esitli degiskenler sunlardir:

» Temizlik maliyeti: Tipik olarak s6zlesmeli temizlik ekibi i¢in sabit bir iicret ve her

temizlik i¢in is¢ilik ve malzeme maliyeti vardir. Ornegin, Orta Dogu, Asya ve
Avustralya bolgelerinde PV temizleme sistemi basina tahmini ekonomik kayiplarin
0,0011 ile 22,43 ABD $/m? arasinda oldugu tahmin edilmektedir (Said ve Ark.,
2024).

» PV modiiller tizerinde toz birikme orani: Giinliik, aylik veya yillik verim kaybi

olarak tanimlanir.
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» Tesis verimlilik faktorl: PV tesis ne kadar verimli olursa, temizlikten saglanilan
fayda o kadar fazla olur. Verim ne kadar diisiikse, ayn1 fayday1 saglamak i¢in
temizlenmesi gereken modiil alani o kadar fazla olur.

» Sebekeye saglanan enerji degeri: Enerji degeri ne kadar yiiksekse, PV modiil
temizligi o kadar maliyet etkin olur.

3.1. Fotovoltaik Modiillerin Temizlenmesinde Dogal Ve Pasif Yontemler

Hava kosullarina maruz kalan PV modiil yiizeylerinin temizlenmesinde kullanilan dogal
yontemler arasinda yagmur, kar erimesi, riizgar ve yercekimi etkisi bulunur (Gorsel 5).

FOTOVOLTAIK (PV) MODULLERI TEMiZLEME YONTEMLERI

v v v v

Dogal Faktorler:

Yiizey Diizenlemesi: El ile Temizleme: Otomatik Temizleme:
e Yagmur * Su-stinger ile yikamak » Yiizey fircalama
* Riizgar « Su emebilen yiizeyler e Su-deterjan ile yikamak « Otomatik yagmurlama
* Kar erimesi ¢ Kuru yiizeyler * Su-firga ile yikamak « Robotla temizlemek

* Yiizey gerilimi azaltan
maddeler kullanmak

Gorsel 5. Fotovoltaik (PV) Modulleri Temizleme Yontemleri (Radziemska, 2026)

Yukarida belirtilen yontemler arasinda yagmurla yikama en etkili olamidir. Ancak,
yagmur siddetli degilse, su havada bulunan toz pargaciklarini toplayarak modiil yiizeyinde
yapiskan ¢camur lekeleri olusturur. Modiil yiizeyine yerlesen ve kalan kirletici madde miktarini
belirleyen 6nemli bir faktor, yatay diizleme gore egim agisidir. Bu aci, daha biiyiik toz
parcaciklarinin modiilden diismesine veya alt kisimlarda birikmesine neden olan yergekimi
kuvveti bilesenini belirler. Modiil egiminin etkisi ve egim acisinin artirtlmasinin temizleme
siirecini ne dlgiide iyilestirebilecegi, [g/m?] biriminden tanimlanan kirletici maddelerin yiizey
yogunlugu ve biriken pargaciklarin boyut dagilimi tarafindan da belirlenir.

Yagmur ve riizgarla modiil yilizeyinin temizlenmesinin etkinligi, modiiliin egim agisina
ve rlizgar yoniine gore yonelimine de baghdir. Riizgar, biriken toz parcaciklarini uzaklastirir ve
etkisi, bilylik modiil egim acilarinda daha etkili olabilir. Bu olayn seyri, tozlu yiizeyin pargacik
boyutu ve yapisindan da etkilenir. Ince ¢okelmis kirletici tabakasi, yiiksek hizlarda bile riizgar
tarafindan etkili bir sekilde uzaklastirilamaz. Jiang ve Ark. (2018), c¢aplar1 0,1 ile 100 pm
arasinda degisen toz parcaciklarini uzaklastirmak i¢in yeterli riizgar hizlarimi 6lgmiislerdir.
Gerekli riizgar hizlar sirasiyla, 0,23-57,56 m/s ve 0,82-2219,8 m/s arasinda degismistir.
Misir’da yapilan bir deney, kiigiik ¢apl pargaciklarin (<1 mm) yilizey yogunlugunun daha
yiiksek egim acisina sahip modiillerde daha yiiksek oldugunu, daha iri toz parcaciklarinin
(ortalama ¢ap 3 pm) ise diisiik egim acisina sahip modiillerde daha biiyiik miktarlarda biriktigini
dogrulamistir (Hegazy, 2001). Fotovoltaik modiiller i¢in pasif temizleme yontemleri, modiiliin
on kapaginda yapilan degisiklikleri ve toz yapismasini en aza indirmek i¢in kirlilik 6nleyici
kaplamalarin kullanimin1 kapsar.
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3.2. Kar Temizleme

Fotovoltaik (PV) modiiliin yiizeyinde biriken kar, ortalama yillik performansini %16
oranina kadar azaltabilir. Sistem tasarimi sirasinda, riizgarla savrulan kar yiginlarin1 6nlemek
ve karin kaymasini saglamak i¢in en alt modiil sirasinin alt kenar1 ile zemin veya ¢at1 arasindaki
gerekli bosluk belirlenir. Kar, genellikle dik egimli (30°’nin {izerinde) kurulumlardan kayarak
modiillerin alt kisminda istenmeyen bir sekilde birikime neden olur.

Kar temizleme genellikle onerilmez. Clinkii PV modullere kolayca zarar verebilir.
Bununla birlikte, bazen g¢atidaki kar yiikiinii azaltmak veya buz barajlarin1 kaldirmak igin
gerekli olabilir. Deneyimler, karin PV modiillere ve desteklere nadiren zarar verdigini
gostermistir (Radziemska, 2026). Gerekirse, kar temizleme kiirek veya mekanik araglar yerine
bir turbo fan ile yapilmalidir.

3.3. Toz Etkisini Azaltmak icin Teknolojik Yenilikler Ve Coziimler

Tozun birikme etkilerinin iistesinden gelmeye yardimci olmak igin ¢esitli alternatif
teknik ¢coziimler bildirilmistir. Bunlardan birini, sensorlere dayali akilli bir toz giderme sistemi
olusturmaktir ve sikistirilmis hava jetleri, insan miidahalesi olmadan otonom toz temizligine
olanak tanir. Digerleri arasinda, tozun modiil yiizeylerine yapismasini 6nlemek ve azaltmak i¢in
kullanilan tasarlanmis hidrofobik ve elektrostatik kaplamalar yer almaktadir.

PV modiillerin temizlenmesi igin gelismis bir yaklasim, 1sikla tetiklenen kimyasal
reaksiyonlar yoluyla otomatik olarak kendilerini temizleyecek superhidrofobik nanopartikil
kaplamalar1 seklinde 6nerilmistir (Fatima ve Ark., 2024). Bunun yani sira, dénen fir¢alar ve su
puskirtme sistemlerine sahip tamamen otonom temizleme robotlarinin kurak ortamlarda
deneysel basaris1 bildirilmistir (Haddad ve Ark., 2023). Bu tiir teknolojik yenilikler, bakim
maliyetlerini azaltirken gilines enerjisi tiretiminin verimliligini artirmak i¢in miikkemmel
olanaklar sunmaktadir.

3.4. Fotovoltaik Sistem Bakiminin Tahmin Edici Yaklasimlar: Ve Optimizasyonu

PV sistem bakimimnin optimizasyonu, veri analizinden belirlenen tahmin edici
yaklasimlara dayanmaktadir. Yapay zeka ve makine 6grenimi, toz birikiminin tahminini ve
temizlik uygulamalarmin aktif planlamasini1 desteklemektedir. Baz1 ¢aligmalar, performans
azalmasimin gercek zamanli izlenmesi ve bakim uyarilar1 saglamak i¢in PV modiillere akilli
sensorler yerlestirilmesini 6nermektedir (Radziemska, 2026). Derin 6grenme ile tahmin edici
modeller kullanmak, temizlik sikligin1 ve enerji verimliligini optimize eder (Fatima ve Ark.,
2024). Ayrica, arastirmacilar, bakim i¢in Oncelikli alanlar1 belirlemek {izere dron gdzetimi
(Gorsel 6) ve uydu veri analizine dayali hibrit bir sistem Onermislerdir (Antonello ve Ark.,
2024). Bu gelismeler enerji kaybini azaltmaya yardimci olurken, ayn1 zamanda gilines enerjisi
sistemlerinin dmriinii de uzatir.
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Gorsel 6. Fotovoltaik (PV) Tesisler i¢in Dron ile Temizleme Sistemi

4. GENEL DEGERLENDIRME VE SONUCLAR

Bir¢ok yeni arastirma, fotovoltaik (PV) modiillerde toz birikiminin, ¢evre ve iklime
bagli olarak %10 ile %40 arasinda 6nemli enerji verimi azalmalarima neden oldugunu
gostermektedir. Parcacik yogunlugunun, tozun bilesiminin ve maruz kalma siiresinin bu
bozulmanin ardindaki birincil faktorler oldugunu vurgulayan ¢alismalar mevcuttur. Bununla
birlikte, simdiye kadar sinirli sayida derinlemesine analiz, bu birikimin uzun siireli etkisini ve
mevcut yontemlerin temizleme verimini incelemistir. Son ¢aligmalar, hidrofobik veya
elektrostatik kaplamalara dayali kendi kendini temizleyen sistemler ve robotlar gibi, bu etkiyi
azaltmak i¢in bir¢ok strateji onermistir. Bu yaklagimlar umut vaat etmektedir, ancak yaygin
olarak benimsenme igin ekonomik ve teknik engellerle kars1 karsiyadir. Bazi ¢alismalar, suyla
yikama veya mekanik fircalama gibi geleneksel temizleme tekniklerinin kisa siirede etkili olsa
da uzun siirede PV modiillerde asinmaya neden olabilecegini belirtmektedir. Bu nedenle,
gelecekteki ¢aligmalarda, iklim kosullarindaki farkliliklarin PV modiil performansina olumsuz
etkilerinin anlasilmasiyla birlikte, son derece ekonomik ve siirdiiriilebilir temizleme
yaklasimlarina odaklanilmalidir. Toz parcaciklarinin PV sistem etkinligini artiran iletkenlerle
etkilesimine iliskin daha fazla arastirma, siiphesiz gelecekteki c¢aligmalar1 etkileyecektir.

Sonu¢ olarak, incelenen c¢aligmalar bu zorlugun Onemini ve giines enerjisinin
doniistimiinii optimize etmek konusunda siirekli yenilige duyulan ihtiyaci dogrulamakta ve
yeniden ifade etmektedir. Bu konuda yapilmis olan ¢alismalar, PV modiil kirlenmesi sorununun
ciddiyetinin altin1 ¢izmekte ve en iyi enerji iiretim hedeflerine ulasmak icin daha etkili
¢oziimlere acil ihtiya¢ oldugunu gostermektedir. Kendi kendini temizleyen sistemler ve
temizleme tekniklerinin optimizasyonu alanindaki ek c¢alismalar, PV tesislerin enerji
verimliligini artirmada cazip firsatlar sunmalidir.

PV modiillerde toz birikimini en aza indirmek ve tahmin etmek i¢in ¢esitli uygulanabilir
yontemler bulunmaktadir. Bu amagla, toz yapismasini 6nlemek i¢in hidrofobik ve elektrostatik
kaplamalar, otonom robotik temizleme ¢oziimleri ve akilli sensorler ve uydu/dron izleme
kullanan yapay zeka destekli tahmine dayali bakim modellerinden yararlanilmaktadir. Bu
yontemler arasinda, yapay zeka planlamasi ve gercek zamanl izleme, tozlu ortamlara yonelik
en biiyiik potansiyeli ve uygulanabilirligi gostermektedir.
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Otonom temizleme sistemleri ve gelismis toz onleyici kaplamalar da dahil olmak {izere,
cesitli teknolojik alternatifler degerlendirilmistir. Bununla birlikte, biiyiik 6l¢ekli uygulama i¢in
maliyet ve uygulanabilirlik sorunlar1 hala mevcuttur. Ayrica, yapay zekanin tahmine dayali
bakim islemleri i¢in kullanilmasi, enerji liretimini en lst diizeye ¢ikarirken, temizleme
stratejileri agisindan performans optimizasyonunda bulylk bir potansiyel gostermektedir.
Gelecekteki calismalar, gilines enerjisi tesislerinin ¢evresel ve yapisal kisitlamalar1 dahilinde
ekonomik olarak uygulanabilir, net goriislii ve siirdiiriilebilir se¢eneklerin gelistirilmesine
odaklanmalidir. Malzeme fizigi, yapay zeka ve enerji sistemlerinin optimizasyonundan gelen
girdilerle bu ¢ok disiplinli yaklagim, bu sorunlar1 ele almak ve tozlu bolgelerde giines enerjisini
en st diizeye ¢ikarmak i¢in 6nemlidir.

Sistem tasarimcist ve kullanicisi, modiillerin dogru konumlandirilmast ve modiil
kullanimai sirasinda ortaya ¢ikabilecek sorunlar1 dikkate almalidir. Modiiliin yonii ve egim acist,
kurulumun tasarim ve montaj asamasinda optimize edilebilir. Bu nedenle kullanici igin dikkate
alinmas1 gereken bir konu olusturmazken, golgeleme, kirleticiler, toz ve kar gibi, diger
isletimsel sorunlar, kullanicinin siirekli ilgi alaninda olmali ve ¢ogu durumda etkilerini sifira
indirgemelidir.

KAYNAKCA

[1] Abdessadak, A.; Ghennioui, H.; EI Bhiri, B.; Thirion-Moreau, N.; Abraim, M.;
Merzouk, S. Assessing the Effects of Dust on Solar Panel Performance: A
Comprehensive Review and Future Directions. Eng. Proc. 2025, 112, 9.
https://doi.org/ 10.3390/engproc2025112009.

[2]  Antonello, F.; Segneri, D.; Reggestad, V. Surrogate model-based calibration of a
flying Earth observation satellite. Adv. Space Res. 2024, 73, 1925-1935.

[3] Babalola, T.V.; Nafada, A.l; Dala, H.A. An Assessment of the Impact of
Accumulated Dust on Efficiency and Performance Output of Solar Photovoltaic
Panels. Deleted J. 2024, 33, 87-94.

[4] Costa, S.C.S.; Diniz, A.S.; Kazmerski, L.L. Dust and soiling issues and impacts
relating to solar energy systems: Literature review update for 2012-2015. Renew.
Sustain. Energy Rev. 2016, 63, 33-61.

[5] Ding, R. Application of Machine Learning in Optimizing Proton Exchange Mem-
brane Fuel Cells: A Review. Energy Al 2022, 9, 100170.

[6] Fatima, K.; Minai, A.F.; Malik, H.; Marquez, F.P.G. Experimental analysis of dust
composition impact on Photovoltaic panel Performance: A case study. Sol. Energy
2024, 267, 112206.

[7] Grzesiak, W.; Mackow, P.; Maj, T.; Polak, A.; Klugmann-Radziemska, E.; Zawora,
S.; Drabczyk, K.; Gulkowski, S.; Grzesiak, P. Innovative system for energy collection
and management integrated within a photovoltaic module. Sol. Energy 2016, 132,
442-452.

72



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

APRIL 24 - 26,2026 — MUS
ISBN NR : 978-625-8795-09-7

Gupta, V. Impact of Dust Deposition on Solar Photovoltaic Panel in Desert Region:
Review. Int. J. Electron. Electr. Comput. Syst. 2017, 6, 1.

Haddad, Z.; Nahoui, A.; Salmi, M.; Aidjadj, M. Effect of dust on the operation of
photovoltaic solar panels installed in the Hodna region-Experimental study. J. Renew.
Energies 2023, 13, 75-82.

Hassan, A.H.; Rahoma, U.A.; Elminir, H.K.; Fathy, A.M. Effect of airborne dust
concentration on the performance of PV modules. J. Astron. Soc. Egypt 2005, 13, 24—
38.

Hegazy, A.A. Effect of dust accumulation on solar transmittance through glass covers
of plate-type collectors. Renew. Energy 2001, 22, 525-540.

Heo, M.G. Self-Powered Electrodynamic Dust Removal for Sustainable Solar Panels
using Triboelectric Nanogenerators. Nano Energy 2024, 121, 109257.

IEA. International Energy Agency. World Electricity Generation in the Stated Policies
Scenario, 2010-2035. Available online: https://www.iea.org/data-and-
statistics/charts/world-electricity-generation-in-the-stated-policies-scenario-2010-
2035.

Jiang, Y.; Lu, L.; Ferro, A.R.; Ahmadi, G. Analyzing wind cleaning process on the
accumulated dust on solar photovoltaic (PV) modules on flat surfaces. Sol. Energy
2018, 159, 1031-1036.

Kazem, A.H. Dust impact on the performance of solar photovoltaic module: A new
prospect. Energy Sources Part A Recover. Util. Environ. Eff. 2023, 45, 4087—-4106.

Klugmann-Radziemska, E. Degradation of electrical performance of a crystalline
photovoltaic module due to dust deposition in northern Poland. Renew. Energy 2015,
78, 418-426.

Klugmann-Radziemska, E. Environmental and Operational Factors That Affect the
Performance of a Photovoltaic System. Energies 2026, 19, 602.
https://doi.org/10.3390/en19030602.

Mani, M.; Pillai, R. Impact of dust on solar photovoltaic (PV) performance: Research
status, challenges and recommendations. Renew. Sustain. Energy Rev. 2010, 14,
3124-3131.

Meral, M.E.; Dincer, F. A review of the factors affecting operation and efficiency of
photovoltaic based electricity generation systems. Renew. Sustain. Energy Rev. 2011,
15, 2176-2184.

Naeem, M.H. Soiling of Photovoltaic Modules: Modelling and Validation of Location-
Specific Cleaning Frequency Optimization; Arizona State University: Tempe, AZ,
USA, 2014.

73


https://www.iea.org/data-and-
https://www.iea.org/data-and-

AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

APRIL 24 - 26,2026 — MUS
ISBN NR : 978-625-8795-09-7

Panat, S.; Varanasi, K. Electrostatic dust removal using adsorbed moisture-assisted
charge induction for sustainable operation of solar panels. Sci. Adv. 2022, 8,
eabm0078.

Ramli, M.A.M.; Prasetyono, E.; Wicaksana, R.W.; Windarko, N.A.; Sedraoui, K.; Al-
Turki, Y.A. On the investigation of photovoltaic output power reduction due to dust
accumulation and weather conditions. Renew. Energy 2016, 99, 836-844.

Rudnicka, M.; Klugmann-Radziemska, E. The issue of shading photovoltaic
installation caused by dust accumulation on the glass surface. Ecol. Chem. Eng. S
2021, 28, 173-182.

Said, S.Z.; Islam, S.Z.; Zahurul, S.; Radzi, N.H.; Wekesa, C.W.; Altimania, M.;
Uddin, J. Dust impact on solar PV performance: A critical review of optimal cleaning
techniques for yield enhancement across varied environmental conditions. Energy
Rep. 2024, 12, 1121-1141.

Saidan, M.; Albaali, A.G.; Alasis, E.; Kaldellis, J.K. Experimental study on the effect
of dust deposition on solar photovoltaic panels in desert environment. Renew. Energy
2016, 92, 499-505.

Ta, W.; Xiao, H.; Qu, J.; Xiao, Z.; Yang, G.; Wang, T.; Zhang, X. Measurements of
dust deposition in Gansu Province, China, 1986-2000. Geomorphology 2004, 57, 41.

Tylim, A. The Importance of a PV System Washing Program; Renewable Energy
World: Peterborough, NH, USA, 2013; p. 11.

Walker, H.A. Best Practices for Operation and Maintenance of Photovoltaic and
Energy Storage Systems, 3rd ed.; NREL/TP-7A40-66056; National Renewable Energy
Laboratory: Golden, CO, USA, 2018.

Zaihidee, F.M.; Mekhilef, S.; Seyedmahmoudian, M.; Horan, B. Dust as an unalterable
deteriorative factor affecting PV panel’s efficiency: Why and how. Renew. Sustain.
Energy Rev. 2016, 65, 1267-1278.

74



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 — MUS
ISBN NR : 978-625-8795-09-7

ISI DEPOLAMA TEKNIKLERININ TEKNOLOJIYE HAZIRLIK SEVIiYELERI VE
MALIYET KARSILASTIRMASI

Hasan Huseyin OZTURK

Cukurova Universitesi e-mail: hhozturk@cu.edu.tr- ORCID 1D: 0000-0001-6904-5539
Hasan Kaan KUCUKERDEM

Igdir Universitesi e-mail: kaan.kucukerdem@igdir.edu.tr- ORCID 1D: 0000-0002-1593-4725

OZET

Is1 enerjisi depolama (TES), ozellikle yerel yenilenebilir enerji kaynaklariyla birlikte
uygulandiginda, enerji tasarrufu ve sistem verimliliginin artirilmasi i¢in 6nemli bir ¢ozUm
olarak giindeme gelmektedir. Siirdiriilebilirlige dogru kiiresel gecis hizlanirken, TES
teknolojileri, artan enerji taleplerinin yarattig1 zorluklarin hafifletilmesinde merkezi bir rol
oynama potansiyeline sahiptir. Bu bildiride, farkli TES yontemlerinin teknolojiye hazirlik
seviyeleri (TRL) degerlendirilmis ve maliyetleri karsilastirilmistir. Duyulur 1s1 depolama
(STES) sistemlerinin TRL degerleri genellikle 7 ile 9 arasinda degisir. STES sistemlerine iligkin
bu TRL degerleri, bu sistemlerin ticari kullanim i¢in yiiksek olgunluk ve hazirlik seviyesini
belirtir. STES sistemleri, gergek uygulamalarda ve bolgesel 1sitma, giines enerjisi ve endiistriyel
stirecler gibi ¢esitli sektorlerde kapsamli test ve dogrulamadan ge¢mis, giivenilirlik, etkinlik ve
ticari kullanilabilirlikleri kanitlanmistir. Gizli 1s1 depolama (LTES) sistemleri, 7 ile 9 arasinda
degisen TRL seviyelerine ulagarak, yiiksek bir olgunluk ve ticari kullanima hazir olma diizeyine
ulagsmistir. Termo-kimyasal 1s1 depolama (TCES) teknolojilerinin TRL degerleri 4 ile 7 arasinda
degisir. Pazar analizleri, uygun fiyatlilig1 ve ¢cok yonliiliigii nedeniyle STES uygulamalarinin
hakimiyetini gostermektedir. Bununla birlikte, LTES ve TCES teknolojilerindeki gelismeler,
gelismis depolama kapasiteleri ve verimlilikleri sunarak pazar dinamiklerini degistirebilir.
Gilintiimiizde STES yaygin kullanim ve maliyet etkinligi acisindan lider konumdayken, LTES
ve TCES teknolojilerinin gelisme durumu, TES uygulamalarini ilerletmek ve potansiyel olarak
151 depolama sektoriiniin verimini artirmak ve maliyet etkin duruma doniistiirmek i¢in 6nemli
bir potansiyel sergilemektedir.

Anahtar Kelimler: Is1 depolama, teknolojiye hazirlik seviyesi, maliyet karsilagtirmasi

1. GIRIS
Biiytik 6lctide fosil yakitlarla karsilanan artan kiiresel enerji talebi, diinyamiz i¢in kritik

bir zorluktur. Fosil yakitlarin diinyanin farkli boélgelerindeki dagilimi esit degildir. Fosil
kaynaklari 6nemli bir orani, kiiresel niifusun kii¢iik bir yiizdesi tarafindan tiiketilmektedir. Bu
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durum bu kaynaklarin hizli bir sekilde tiikenmelerine neden olmaktadir. Fosil yakitlara olan bu
siirdiiriilemez bagimlilik, kaynak giivenligini saglamak icin stirdiiriilebilir enerji sistemlerine
acil gecisi gerektirmektedir. Ayrica, son agir1 iklim olaylarinin vurguladig: iklim degisikligiyle
ilgili artan endiseler, degisime duyulan acil ihtiyacin altin1 ¢izmektedir.

Bu baglamda, enerji depolama, ¢agdas enerji sistemleri ortaminda ¢ok 6nemli bir rol
oynamaktadir. Temel bir unsur olarak hizmet veren enerji depolama, giines ve riizgar enerjisi
gibi yenilenebilir enerji kaynaklarmin dogasinda var olan degiskenlik ve kesintililikten
kaynaklanmaktadir. Enerji depolama teknolojileri (EDT) ile yenilenebilir enerji iiretiminin
yuksek oldugu donemlerde fazla enerji, yiiksek talep veya diisiik iiretim donemlerinde
kullanilmak {izere depolanir. Boylece, EDT sebeke istikrarini, giivenilirligini ve esnekligini
onemli dlgiide artirir. Bu durum, yenilenebilir enerjinin mevcut elektrik sebekelerine sorunsuz
entegrasyonuna olanak tantyarak, siirdiiriilebilir ve diisiik karbonlu bir enerji ortamina gegisi
tesvik eder. Enerjiyi farkli sekillerde depolamak igin ¢esitli olanaklar mevcuttur veya
gelistirilme asamasindadir. En Onemlileri, biiyiikk Olgekli uygulamalar i¢in pompalanmis
hidroelektrik ve termal enerji depolama (TES), yuksek gu¢ ve enerji gereksinimleri igin
bataryalar, kisa siireli ve hizli tepki gerektiginde siiper kapasitorlerdir.

Kiiresel enerji tiikketiminin yaklagik olarak yarisinin 1siya atfedildigi ve bunun da
enerjiyle ilgili sera gazi (GHG) emisyonlarinin %38’inden (IEA, 2023) sorumlu oldugu dikkate
alindiginda, TES teknolojileri karbonsuzlastirmaya yardimer olma konusunda ¢ok énemli bir
rol tistlenmektedir. Gergekten de, TES sistemleri elektrik ve 1sitma/sogutma sektorii arasindaki
baglantiy1 kolaylastirarak, yenilenebilir enerji kaynaklarinin entegrasyonunu artirir. TES,
sadece enerji arz ve talebini dengelemeye yardimei olmakla kalmaz, ayn1 zamanda daha verimli
ve saglam bir enerji altyapisina da katkida bulunur. Diger avantajlar1 arasinda, daha diisiik
enerji tiketimi ve maliyetleri, azaltilmis ilk yatirnm ve bakim giderleri, daha kiiglik ekipman
boyutlari, isletimsel esneklik, iyilestirilmis i¢ mekan hava kalitesi, artirilmis enerji verimliligi
ve fosil yakitlarin ikamesi, kirletici veya GHG emisyonlarinin azaltilmasi yer almaktadir.

Gilinlimiizde, her biri belirli uygulamalara ve isletimsel taleplere uygun olarak titizlikle
tasarlanmis ¢esitli TES teknolojileri mevcuttur. Bu teknolojiler, depolama ortaminin veya
malzemenin dogasi, depolama siireci, amaglanan uygulama ve ¢aligma sicakligi araligi, 1s1
kaynagi, depolama dongilisii sikligt dahil olmak iizere birden fazla perspektiften
siiflandirilabilir. En yaygin smiflandirma, depolama siireci veya mekanizmasiyla ilgilidir.
Bunlar arasinda one ¢ikanlar, depolama malzemesinin sicakligindaki degisiklikler yoluyla
1sidan yararlanmay1 i¢eren duyulur 1s1 depolama STES), 1s1 depolama ve serbest birakmak icin
faz degistiren materyallerin (PCM) kullanildig1 gizli 1s1 depolama (LSHS) ve kat1 yiizeylerde
gazlarin adsorpsiyonu ve desorpsiyonu gibi sorpsiyon mekanizmalarini igeren tersinir kimyasal
reaksiyonlara dayanan termokimyasal (TCHS) depolamadir. Bu bildiride, farkli TES
yontemlerinin teknolojiye hazirlik seviyeleri (TRL) degerlendirilmis ve maliyetleri
karsilastirilmistir.

2. 1SI DEPOLAMA TEKNOLOJILERININ TEKNOLOJi HAZIRLIK SEVIYELERI
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2.1. Teknoloji Hazirlik Seviyeleri

Teknoloji hazirlik seviyeleri (TRL), yeni bir teknolojinin olgunluk dizeyini (fikirden
ticarilesmeye) 6lgmek i¢in 1’den 9’a kadar kullanilan, NASA tarafindan gelistirilen sistematik
bir metrik/élgeklendirme sistemidir. Ar-Ge projelerinin riskini yonetmek, fonlama kararlari
vermek ve teknolojinin pazara ne kadar hazir oldugunu belirlemek i¢in kullanilir. TRL 6l¢egi,
temel aragtirmadan isletimsel kullanima kadar Cizelge 1’de verilen 9 asamay1 kapsar.

Cizelge 1. Teknoloji Hazirlik Seviyeleri

Teknoloji Hazirhik
SeviyeI(Jeri (TRL) Agiklamalar

TRL 1 Temel ilkeler gdzlemlenmis ve raporlanmistir. Teorik ¢aligma agsamasidir.

TRL 2 Teknoloji kavrami ve/veya uygulamasi formiile edilmistir.
Deneysel kavram kanit1 agamasidir. Analitik ve deneysel kritik

TRL 3 . e
fonksiyon/kavram kanit1 (laboratuar kanit1) gergeklestirilmistir.

TRL 4 Laboratuarda dogrulanmis teknoloji asamasidir. Laboratuar ortaminda bilesen
ve/veya sistem dogrulamasi yapilmistir.

TRL 5 Gergek ortami temsil eden ilgili ortamda dogrulanmis teknoloji asamasidir. {lgili
ortamda bilesen ve/veya sistem dogrulamasi yapilmstir.

TRL 6 Miihendislik modeli agamasidir. Tlgili ortamda pilot tesis/sistem/prototip
gosterimi yapilmistir.

TRL 7 Uygulama ortaminda (gergek ortam) sistem prototipi gosterimi yapilmistir.

TRL 8 Sistem fiilen tamamlanmis ve test/gdsterim asamalarindan gegmistir. Sistem
tamamlanmis ve niteliklidir.

TRL 9 Ticarilesme/son kullanici asamasidir. Gergek sistem, uygulama ortaminda
kanitlanmastir.

TRL olgiiti, belirli bir teknolojinin ticari hazirligini degerlendirmek i¢in kullanilir. TRL
gostergesi 9 gelistirme seviyesini kapsar. Ilk ii¢ TRL seviyesi, temel arastirmay1 ve kavramin
tam gelisimini igeren teknoloji fikrine atifta bulunur. Dordiincli ve besinci seviyeler,
laboratuarda veya baska uygun bir ortamda gelistirilen prototip asamasini belirtir. Dogrulama
asamasl, isletimsel bir ortam1 dikkate alan altinci ve yedinci seviyelerle temsil edilir. Son
seviyeler (8 ve 9), teknolojinin gosterildigi ve onaylandigi iiretim asamasini tanimlar. TRL
asamalar1 genel olarak asagidaki gibi tanimlanir:

e TRL 1-3: Genellikle temel arastirma asamasidir.

e TRL 4-6: Gelistirme ve prototipleme asamasidir.

e TRL 7-9: Ticarilesme ve yayginlagtirma asamasidir.
TRL’nin baslica faydalar1 sunlardir:

o Risk yonetimi: Teknolojinin hangi asamada tikandigini net olarak gosterir.

e Fonlama ve yatirim: Ulusal ve uluslararas1 hibe programlarinda proje olgunlugunu
degerlendirmek icin standart kriterdir.

o Karsilagtirma: Farkl projelerin teknolojik hazirligini karsilastirma olanag saglar.

2.2. Is1 Depolama Teknolojilerinin Teknoloji Hazirhk Seviyeleri

TES teknolojilerinin hazirlig1 veya olgunlugu, ilk olarak 1974 yilinda NASA tarafindan
tanitilan ve daha sonra 2011 yilinda ABD Enerji Bakanligi tarafindan benimsenen
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standartlastirilmis bir referans degeri olan teknolojiye hazir olma seviyelerine (TRL) gore
degerlendirilir. TES teknolojicilerinin TRL durumlar1 Cizelge 2‘de verilmektedir. Bu ¢izelge
diisiik ve orta sicakliktaki PCM’lerin TRL 7-9 araligina ulastigini, yiiksek sicakliktaki
PCM’lerin ise TRL 4-6 aralifinda kaldigin1 vurgulamaktadir. STES sistemleri, depolama
ortamina bagl olarak TRL 5-9 araliginda yer alirken, termokimyasal uygulamalar giinlimiizde
TRL 4-7 araliginda bulunmaktadir. Bu TRL derecelendirmesi, teknoloji tiirii, olgunluk aralig1
ve temel gerekceleri yan yana getirerek, gelistirme durumunun hizli bir sekilde
degerlendirilmesini ve daha fazla arastirma ve Olgeklendirme gerektiren alanlarin
belirlenmesini saglar.

Cizelge 2. Is1 Enerjisi Depolama (TES) Teknolojilerinin Teknolojiye Hazirhik Seviyeleri (TRL)
(Vallese ve Ark., 2026)

TES Teknolojisi Teknoloji TRL TRL gerekgesi
Diistik/orta sicakliktaki Piyasadaki bina uygulamalarinda TRL >7
PCM’ler (organik ve inorganik| 7-9 |dizeyindedir. Ekonomik surddrulebilirlik ve
tuzlar) entegrasyon hala optimizasyon agamasindadir
Gizli Is1  Enerjisi Laboratuar dlcekli ve pilot prototipler
Depolama (LTES) |Yiiksek sicakliktaki PCM’ler mevcuttur.  Ancak ticari olarak yilksek
(metalik alagimlar, tuzlar ve| 4-6 |sicakliktaki uygulamalart heniiz  yoktur.
oOtektikler) Malzemeler/yontemler ~ hala  olgunlasma
asamasindadir.

Isitma/sogutma sebekelerinde, bolgesel 1sitma
Su kullanarak 1s1 depolama 8-9 |sistemlerinde ve giines 1s1 santrallerinde olgun,
yaygin olarak ticarilestirilmis bir uygulamadir.

Biiyiik yogunlagtirmali gilines enerjisi (CSP)

Erimis tuz kullanilarak tesislerinde kanitlanmigtir (TRL >7). Ancak,
5-9 . , -
_ |depolama bazi kimyasallar ve yiksek sicaklik igin
Duyulur Ist Enerjisi tasarimlari hala pilot asamasindadir (TRL=5-6).
Depolama (STES) - >y
Kati materyal  kullanarak Pilot laboratuardan (TRL = 5-6) cesitli
depolama (kaya, beton, kum,| 5-9 |tesislerdeki olgun ticari sistemlere (TRL = 8-9)
seramik) kadar reaktor tasarimu kritik onem tagimaktadir.
Sanayide ticari ve CSP; Yiiksek sicaklik
Termal yaglar 7-9 |kararliligt ve 1s1  transferi gilivenilirligi
kanitlanmistir.

Kavram kanit1 ve laboratuar o6lgekli pilot

Kimyasal reaksiyonlar (metal uygulamalara kadar gelismistir. Kinetik ve

oksitler, hidridler, karbonatlar) At sistem karmagikligi, tam ticari kullanimi
i | smurlar.
Eerm_(_) imyasa Adsorpsiyon/Desorpsiyon Laboratuar gdsterimleri ve kuguk olcekli pilot
nerji  Depolamal .. " . o - .
(6rnegin,  zeolitler, silika| 46 |uygulamalar vardir. Sorbent kararlilig1 ve dongii
(TCES) : ; S ixs 1 A1a
jelleri) verimliligi hald Ar-Ge asamasindadir.

HVAC/DHC baglaminda tezgah 6lgekli testler
5-7 |yapilmustir. Gergek dongiiler altinda
entegrasyon ve dayaniklilik hala gelismektedir.

Sogurma (6rnegin LiBr-H0,
NHz—H>0)

2.2.1. Gizli Is1 Enerjisi Depolama

Gizli 1s1 enerjisi depolama (LTES) sistemleri, 7 ile 9 arasinda degisen TRL seviyelerine
ulagarak, yiiksek bir olgunluk ve ticari kullanima hazir olma diizeyini gostermistir. Bu TES
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teknolojisi, kapsamli laboratuar testlerinden ve saha gosterimlerinden ge¢mistir. Bununla
birlikte, 6nemli sorunlarla basa ¢ikmak ve yaygin ticari kullanima ulagmak icin daha fazla
gelistirme gerekmektedir. LTES’in TRLsini degerlendirmedeki temel zorluklardan biri, PCM
sizintisi, 1s1l dongi kararliligi ve entegrasyon teknolojileri gibi teknik engellerin dikkate
alinmas1 gerekliligidir. TRL, LTES uygulama alanina baghdir (Palomba ve Frazzica, 2019).
LTES’in bina uygulamalarinda, PCM’lerin bina kabugunda entegrasyonunun ekonomik
fizibilitesi heniiz tam olarak gosterilmemis olsa da, pazara girerek yuksek TRL seviyelerine
ulagsmistir (Tripathi ve Shukla, 2024). Bu nedenle, diisiik ve orta sicakliktaki uygulamalar igin
PCM’lerin optimizasyonu giincel bir arastirma konusudur (Rolka ve Ark., 2021; Hameed ve
Ark., 2022).

Diger taraftan, yiiksek sicaklik uygulamalari i¢in teknolojiler hentiz ticari olarak mevcut
degildir. LTES alaninda, 6zellikle malzeme bilimi ve sistem tasariminda dnemli ilerlemeler
kaydedilmistir. Arastirmacilar, gelismis 1s1l 6zelliklere ve iyilestirilmis dongii kararliligina
sahip PCM’ler gelistirmeye odaklanmistir. Ayrica, PCM sizintisin1 6nlemek ve uzun siireli
dayaniklilig1 saglamak icin yeni kapsiilleme teknikleri gelistirilmistir. Bu gelismeler, LTES
sistemlerinin performansint ve giivenilirligini artirarak, ticari uygulanabilirlige daha da
yaklastirmigtir. Ulasilan ilerlemeye ragmen, LTES teknolojileri, TRL ilerlemelerini engelleyen
cesitli zorluklarla kars1 karsiya kalmaya devam etmektedir. Baslica zorluklardan biri, daha
yiiksek enerji depolama yogunlugu ve daha hizli sarj/desarj oranlar1 saglamak i¢in PCM
ozelliklerinin optimize edilmesidir. Ek olarak, LTES sistemlerinin 6l¢eklenebilirliginin ve
maliyet etkinliginin saglanmasi, aragtirmacilar tarafindan daha fazla arastirilmali ve ticari
oncesi uygulamalar i¢in tasarim iyilestirilmelidir (Zsembinszki ve Ark., 2021).

2.2.2. Duyulur Is1 Enerjisi Depolama

Duyulur 1s1 enerjisi depolama (STES), piyasada birka¢ yildir var olan ve g¢esitli
uygulamalarda yiliksek TRL’lere sahip iyi bir teknolojidir. STES teknolojisinin TRL’si
genellikle 7 ile 9 arasinda degisir. Bu durum ticari kullanima yiiksek olgunluk ve hazirlik
seviyesini gosterir. Bu sistemler, gercek kosullardaki uygulamalarda ve bdlgesel 1sitma,
yogunlastirilmig giines enerjisi (CSE) ve endiistriyel siirecler gibi ¢esitli sektorlerde kapsamli
test ve dogrulamadan ge¢cmis, giivenilirlik, etkinlik ve ticari kullanilabilirliklerini kanitlamistir.
Isil verimliligi, dayaniklilig1 ve maliyet etkinligini artirmaya odaklanan siirekli aragtirma ve
gelistirme ¢alismalari, mantikli TES teknolojilerinin TRL lerini daha da yiikseltmek amaciyla
gerceklestirilmistir.

Bir¢ok etkinlik yiiksek sicaklik uygulamalarina odaklanmaktadir. Bu amagcla en iyi
malzemeler, mekanik ve termo-fiziksel 6zelliklerini koruyan kayalar ve erimis tuzlardir. Ancak
bu sistemler i¢in baslica zorluklar malzeme se¢imi ve reaktor tasarimidir (Palomba ve Frazzica,
2019). Bu nedenle, kati malzemelerin (tas, seramik, kum, beton gibi) ve erimis tuzlar i¢in TRL
hala 5, 6 ile 9 arasinda degisir. Ayrica, STES sistemlerinin giines ve riizgar enerjisi gibi
yenilenebilir enerji uygulamalar ile entegrasyonu, onlar1 gelecekteki enerji sistemlerinin temel
bilesenleri olarak konumlandirma konusunda biiyiik potansiyele sahiptir.
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2.2.3. Termokimyasal Enerji Depolama

Termokimyasal enerji depolama (TCES) teknolojilerinin TRL’sini dbelirlemek,
reaksiyon kinetikleri, malzeme kararliligi, enerji yogunlugu ve sistem verimliligi gibi
faktorlerin degerlendirilmesini gerektirir. TCES sistemlerinin TRL’si 4 ile 7 arasinda degisir.
Bu agamada, laboratuar dlgeginde gosteriler, kavram kanit1 calismalar1 ve ger¢ek kosullardaki
uygulamalarda ©n testlerden gecmislerdir. Heniliz yaygin ticari kullanim i¢in tam
olgunlasmamis olsa da, sorpsiyon TES teknolojileri merkezi olmayan sogutma ve 1sitma
sistemleri dahil olmak, iizere ¢esitli pratik uygulamalar i¢in umut verici performans ve
potansiyel gostermistir (Zhang ve Wang, 2020).

TRL ilerlemesini engelleyen baslica zorluklar arasinda, hizli sarj ve desarj hizlarini
saglamak ic¢in reaksiyon kinetiklerinin optimizasyonu, ayrica dongiisel calisma altinda
malzemelerin kararliligi ve dayamkliligt yer almaktadi. Ayrica, sistem entegrasyonunun
karmasiklig1 ve maliyeti, TCES teknolojilerinin yaygin benimsenmesini engellemektedir. Bu
nedenlerle, gelismeler yeni reaksiyon sistemleri gelistirmeye, reaktdr tasarimlarinin optimize
edilmesine ve sistem verimliliginin artirilmasina odaklanmistir. Arastirmacilar, enerji
depolama uygulamalar1 i¢in uygun adaylari belirlemek amaciyla, c¢ok cesitli kimyasal
reaksiyonlar ve malzemeleri arastirmislardir. Ayrica, reaktor tasarimlari, kontrol stratejileri ve
1s1 transfer stireclerindeki yenilikler, oOzellikle binalarda uygulama acisindan TCES
sistemlerinin genel verimliligi ve giivenilirliginin artmasina katkida bulunmustur (Garimella ve
Ark., 2020; Kant ve Pitchumani, 2022). Onemli ilerlemelere ragmen, TCES teknolojileri
TRL nin pazar hazirligina dogru ilerlemesini etkileyen birkag zorlukla karsi karsiyadir. Yaygin
ticari dagitimin gerceklesmeden Once teknik zorluklar1 degerlendirmek ve sistem performansini
artirmak i¢in daha fazla arastirma ve gelistirme gereklidir.

3. ISI DEPOLAMA TEKNOLOJILERININ MALIYETLERi

Pazar analizleri, uygun fiyathilig1 ve ¢ok yonliiliigii nedeniyle STES'in hakimiyetini
gostermektedir (Pompei ve Ark., 2023) Bununla birlikte, LTES ve TCES’deki gelismeler,
gelismis depolama kapasiteleri ve verimlilikleri sunarak pazar dinamiklerini degistirebilir.
STES giinlimiizde pazar penetrasyonu ve maliyet etkinligi agisindan lider konumdayken, LTES
ve TCES teknolojilerinin gelisen gbrunima, TES ¢6zlmlerini ilerletmek ve potansiyel olarak
enerji depolama sektoriinii iyilestirilmis performans ve maliyet etkinligi ile doniistiirmek icin
onemli bir potansiyel tasimaktadir. Cesitli TES teknolojileriyle iligskili maliyetlerin daha
ayrintilt bir analizini saglamak i¢in, 1s1 depolama teknolojilerinin baz1 temel 6zellikleri Cizelge
3’de 6zetlenmistir. Cesitli TES teknolojilerinin maliyet karsilastirmasi Cizelge 4‘de verilmistir.
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Cizelge 3. Is1 Depolama Teknolojilerinin Ozellikleri Ve Maliyet Projeksiyonlari (Boshell, 2020)

Konu Duyulur Gizli
2018 2030 2050 2018 2030 2050

Maliyet

(USD/KWh) 0,1-35 0,1-25 0,1-15 60-120 60-95 60-80

Verim (%) 50-90 60-90 70-90 >90 >92 >95

Enerji

yogunlugu 0,4-0,9 kWh/m3K 50-80

(kWh/m3)

;I\T;ﬁ;]()y 11VeYa | 1 0003000 | 3000-5000 | 5000-7500 | 10003000 | 3000-5000 | 5000-7500

Calisma

sicakligi (°C) -150-1000 -40-700 -50-950

Cizelge 4. Is1 Enerjisi Depomla) Teknolojilerinin Maliyet Karsilastirmasi (Vallese ve Ark., 2026)

Teknoloji (E':JASI/E/\?\t/h) Yatirim Maliyeti (EUR/KW) Isletm(eEVEIflil;‘V“/"yxahyet'
STES 0.1-50 3400-4500 70-250
LTES 850 6000-15,000 120-750
TCES 8-100 1000-30,000 20-1500

3.1. Duyulur Is1 Enerjisi Depolama

Maliyet araligi: Duyulur 1s1 enerjisi depolama (STES) sistemlerinin maliyeti 0,1-50
EUR/kWh araliginda degisir. Bu genis aralik, STES’in ¢ok uygun maliyetli olabilecegini, ancak
sistemin 6zel malzemelerine ve dlgegine bagli olarak da artabilecegini gostermektedir.

Yatirim maliyeti: STES sistemlerinin yatilim maliyeti 3400—4500 EUR/kW araliginda
degisir. Bu yatirim maliyeti kismen diisiiktiir ve STES’1 hem kiigiik 6l¢ekli konut hem de biiyiik
Olcekli endlstriyel uygulamalar icin uygun bir secenek haline getirmektedir.

Isletme ve bakim maliyeti: STES sistemlerinin y1llik isletme ve bakim maliyeti 70-250
EUR/kW araliginda degisir. Isletme ve bakim ve maliyetleri yonetilebilir diizeydedir. Bu durum
STES’in ¢esitli sektorlerde yaygin olarak kullanilmasina katkida bulunmaktadir.

3.2. Gizli Is1 Enerjisi Depolama

Maliyet araligi: Gizli 1s1 enerjisi depolama (LTES) sitemlerinin maliyeti 8-50.
EUR/kWh araliginda degisir. Genellikle STES’ten daha pahali olsa da, LTES daha yiiksek
enerji yogunlugu sunar. Bu durum, alanin kisith oldugu uygulamalarda, LTES sistemlerinin
daha yiiksek maliyetini hakl ¢ikarabilir.

Yatirim maliyeti: LTES sitemlerinin yatirim maliyeti 6000—-15000 EUR/kW araliginda
degisir. Daha yiiksek yatirim maliyeti, verimli ¢alismasi icin ¢ok Onemli olan LTES
sistemlerinde kullanilan karmasik teknoloji ve malzemeleri (PCM) yansitir.
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Isletme ve bakim maliyeti: LTES sistemlerinin y1llik isletme ve bakim maliyeti 120—750
EUR/KW araliginda degisir. isletme ve bakim ve maliyetleri daha yiiksektir. Bunun nedeni dzel
ekipman ihtiyaci ve PCM’lerin degistirilmesidir.

3.3. Termokimyasal Enerji Depolama

Maliyet araligi: Termokimyasal 1s1 depolama (TCES) sistemlerinin maliyeti 8—100
EUR/kWh araliginda degisir. TCES sistemleri, basit reaksiyonlardan gelismis malzemeler
gerektiren daha karmagsik sistemlere kadar, kullanilan malzeme ve siireclerin cesitliligini
yansitan genis bir maliyet aralig1 sergiler.

Yatirim maliyeti: TCES sistemlerinin yatirim maliyeti 1000—-30000 EUR/kW araliginda
degisir. Bu aralik oldukca genistir ve TCES’in karmasiklik ve 6l¢ek acisindan onemli 6l¢iide
farklilik gosterebilecegini gostermektedir. Araligin iist ucu, biiylik bir olasilikla yeni
malzemeler ve reaksiyonlar kullanan en son teknoloji sistemleriyle iligkilidir.

Isletme ve bakim maliyeti: TCES sistemlerinin y1llik isletme ve bakim maliyeti 20-1500
EUR/kKW araliginda degisir. TCES i¢in isletme maliyetleri olduk¢a degiskendir. Bu durum, bazi
sistemlerin bakimimin kismen kolay oldugunu, digerlerinin ise kapsamli ve maliyetli bakim
islemleri gerektirebilecegini gostermektedir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu bildiride, farkli TES teknolojilerinin TRL degerlendirmesi ve maliyetleri
incelenmistir. TES sistemleri, yenilenebilir enerji kaynaklar1 ile birlikte kullanildiginda, artan
talebi enerji arziyla dengeleyerek, iklim degisikligiyle miicadeleye ©nemli bir katk:
saglamaktadir. STES, piyasada bulunan bir¢ok ¢6zlimii iceren en basit ve en olgun teknolojidir.
Sonug olarak, bu alandaki arastirmalar oncelikle yenilik¢i malzemelerin ve gelismis yalitim
tekniklerinin gelistirilmesi yoluyla 1s1 depolama kapasitesini artirmaya odaklanmaktadir.
Ozellikle giiniimiizde TRL degerleri yaklasik 5—-6 olan bazi kati ortamlara 6zel onem
verilmektedir.

LTES sistemleri de 1yi gelistirilmistir, ancak ticari olarak yayginlagsmalar1 biiyiik 6l¢iide
uygulama Ozelliklerine baghdir. Yaygin kullanimlarinin oniindeki 6nemli bir engel, metal
kopiikler ve parcaciklar eklenerek veya kapsiilleme teknikleri kullanilarak artirilabilecek diisiik
1s1l iletkenlikleridir. TCES sistemlerine olan arastirma ilgisi artmaktadir. Ciinkii giiniimiize
kadar yapilan ¢alismalarin ¢cogu laboratuar 6lgeginde gerceklestirilmistir. Arastirmacilar i¢in
temel zorluklar arasinda, geleneksel termokimyasal materyallerin (TCM) reaksiyon kinetigini,
kararliligim1 ve dayanikliligini iyilestirmenin yani sira, maliyetleri ve sistem karmasikligini
degerlendirmek yer almaktadir.

Sonu¢ olarak, TES sistemlerinin se¢imi, uygulamanin 0&zel ihtiyaglarina ve
kisitlamalarina biiyiik 6l¢iide baghdir. Ozellikle enerji yogunlugundan ziyade uygun fiyatliliga
oncelik verildiginde, STES en ekonomik segenek olarak ortaya c¢ikarken, LTES, alan
kisitlamalarinin veya artan verimliligin kritik faktorler oldugu senaryolar i¢in cazip bir
alternatif sunmaktadir. Ayrica, TCES, enerji depolama zorluklar i¢in potansiyel uzun vadeli
coziimler sunarak TES teknolojisinde umut vadeden gelismeler sergilemektedir. Bununla
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birlikte, yaygin olarak benimsenmesi, énemli maliyetler ve karmasik bakim gereksinimleri
nedeniyle engellenmektedir. Sonug olarak, bu ddiinlesmelerin incelikli bir sekilde anlagilmasi,
cesitli sektorlerde ve baglamlarda TES ¢6ziimlerinin uygulanmasinda bilingli karar verme igin
onemlidir.
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OZET

Yesil kompozitler, ¢evre dostu olarak bilinen malzemelerden tiretilen kompozit malzemelerdir.
Geleneksel kompozitlere kiyasla daha siirdiiriilebilir ve ¢evreye daha az zarar veren
alternatiflerdir. Yesil kompozitler, ¢cevreye duyarh iiretim siiregleri ve kullanim alanlari ile
stirdiiriilebilir kalkinmaya katki saglar. Gilintimiizde fosil bazli plastiklerin yerine daha gevreci
alternatifler sunarak karbon ayak izini azaltmaya yardimci olmaktadir. Bu ¢alismada zeytin
cekirdegi yesil kompozit bileseni olarak tercih edilmistir. Matris malzemesi olarak vinilester
recinesi kullanilmistir. Zeytin ¢ekirdegi ogiitiilerek belli boyutlarak getirilmistir. Numuneleri
hazirlamak i¢in Teflondan kalip malzemesi hazirlanmistir. Numunelere sertlik, yogunluk, I1zod
darbe ve cekme testleri yapilmistir. Ayrica kirik yiizey SEM ile goriintiilenerek analiz
edilmistir. Sonug olarak zeytin cekirdeginin vinilester esasli kompozitlerde belli oranlarda
dolgu olarak kullanilabilecegi tespit edilmistir.

Anahtar kelimeler: Yesil kompozit, vinilester re¢ine, mekanik 6zellikler, zeytin ¢ekirdegi tozu
GIRIS

Zeytin tiretimi, Akdeniz iklimine sahip bolgelerde yaygin olarak yapilan bir tarimsal faaliyettir.
Tiirkiye, Ispanya, Italya ve Yunanistan gibi iilkeler diinya zeytin iiretiminde bas1 ¢eker. Zeytin
hem sofralik tiiketim hem de zeytinyagi iiretimi igin yetistirilir. Diinya Gida ve Tarim Orgiitii
verilerine gore en blyuk 10 zeytin Uretici Ulke Akdeniz bolgesinde olup diinya zeytinlerinin
%95"ni iiretir. Son yillarda iilkemiz, sofralik zeytin iiretiminde Ispanya’dan sonra ikinci,
tiikketimde ise birinci sirada oldugu rapor edilmistir. TUIK verilerine gore, dane zeytin iiretimi
2022 yilinda 2.9 milyon ton iken, 2023 yil1 2.3 milyon ton olarak tespit edilmistir. Bu iiretimin
yaklasik iicte biri sofralik zeytindir. Oniimiizdeki birkag y1l iginde {ilkemiz iiretim rakamin 3
milyon tonu gegecegi tahmin edilmektedir [1-3].

Zeytin cekirdegi, genellikle atik olarak gortilse de, ¢esitli alanlarda degerlendirilebilen faydali
bir yan {irlindiir. Cok yiiksek miktarlarda liretim olmas1 ayn1 zamanda biiylik miktarlarda zeytin
cekirdegi ortaya c¢ikarmaktadir. Bir zeytin danesinin ¢ekirdegi, danenin yaklagik ticte biri
agirh@gindadir. Ulkemiz igin zeytin gekirdegi atig1 yillik yaklasik 750 bin tondan fazla oldugu
tahmin edilmektedir [4-5].
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Zeytin tiretiminde ortaya ¢ikan atiklarin geri doniisiimii, ¢evresel siirdiiriilebilirligi artirmakta
ve kompozit malzemelerin dolgu maddesi olarak kullanilma potansiyeli sunmaktadir. Bu
yaklasim, hem ¢evresel sorunlarin azaltilmasina hem de ekonomik faydalarin saglanmasina
katki saglamaktadir. Gelecek aragtirmalar, farkli atik tiirlerinin kompozit malzemelerdeki
etkilerini derinlemesine inceleyerek bu alandaki potansiyeli artirabilir.

Bu calismada, endiistriyel zeytin g¢ekirdegi atiklarinin vinilester matrisinde dolgu maddesi
olarak kullanilmas1 incelenecektir. Kompozit sektoriinde yaygin bir sekilde kullanilan
vinilester, re¢inesi matris malzemesi olarak secilmistir. Vinilester recine, epoksi ve polyester
reginelerin 6zelliklerini birlestiren, yiiksek kimyasal dayaniklilik ve mekanik mukavemet sunan
bir termoset polimer tiiriidiir. Genellikle kompozit malzemelerde, kaplama uygulamalarinda ve
denizcilik sektoriinde kullanilir. Dolgu maddesi olarak, iilkemizde sikca tiiketilen zeytin
¢ekirdegi tercih edilerek, bu atigin katma degeri yiiksek olacak sekilde degerlendirilmesi
hedeflenmistir [6].

DENEYSEL CALISMA

Malzemeler

Bu calismada genel amagh olarak kullanilan vinilester re¢inesi matris olarak tercih edilmistir.
Bu recine iyi kimyasal dayaniklilik, iyi mekanik &zelliklere sahip olup endiistrinin birgok
alaninda yaygin bir kullanim alanina sahiptir. Reg¢ine i¢inde kobalt esasli hizlandirict hazir
olarak bulunmaktadir. Sertlestirici olarak Metil Etil Keton Peroksit, (MEK-Peroksit)
kullanilmistir.

Numunelerin Hazirlanmasi

Zeytin cekirdegi kurutulma sonrasi 6gitiilerek belirli boyutlara (0-200 mikron) getirilmistir.
Numunelerin hazirlanmasi igin agik kalip yontemi kullanilmig, kalip malzemesi olarak Teflon
tercih edilmistir.

Zeytin g¢ekirdegi tozu regineye % 5, 10, 15, 20 oranlarinda ilave edilerek doyuma ulasmasi
saglanmigtir. Test numunelerine 5 mm/dk hizinda ¢ekme testi, ¢entiksiz numunelere 5.4 J 1zod
cekig ile darbe deneyi ve Shore D test cihazinda sertlik testi uygulanmistir. Tablo 1’de kompozit
numune karisim oranlar1 verilmistir.
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Zevytin Cekirdegi Regine Oram Sertlegtirici
Oram, (agirlikca, %) Oram_ %o
0 100 1.5
5 100 1.5
10 100 1.5
15 100 1.5
20 100 1.5

Tablo 1. Kompozit numune karigimlari

m'll*!il-[llﬁ%_—'r'_ﬁu

||||l”” utoyo o 10 20 30
itutoyo o 2 :

TR RATARRONY

Sekil 1. Zeytin Cekirdeginin Ogiitiilme Oncesi / Sonrasi
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I

Sekil 2. Zeytin Cekirdegi Dolgulu Numunelerin Kaliptaki Goriintiisii

BULGULAR VE TARTISMA

Bu calismada iilkemizde bol miktarda ortaya ¢ikan zeytin ¢ekirdegi 6giitiilerek vinilester esasl
kompozitlerde dolgu olarak kullanilabilirligi incelenmistir. Bu kapsamda sertlik, yogunluk,
Izod darbe, cekme mukavemeti 6zellikleri incelenmistir. Boylece ¢evreye duyarli stirdiiriilebilir
kompozit liretimi amaglanmstir.

Numunelerin yogunluk degerleri sekil 2°de verilmistir. Saf vinilesterin yogunlugu yaklasik 1,10
g/cm? iken, %5 dolgu oraninda 1,12 g/cm? olmustur. Bu durum diisiik dolgu oraninda sistemin
hald matris baskin karakterde oldugunu ve dolgunun hacimsel etkisinin sinirli kaldigimi
gostermektedir. Dolgu orant %10’a ¢ikarildiginda yogunluk 1,16 g/cm?, %15°te 1,17 g/cm?
ve %20°de 1,17 g/cm? degerine yiikselmistir. Yogunluktaki bu artig, zeytin ¢ekirdegi tozunun
vinilester matrisine kiyasla daha yiiksek yogunluga sahip olmasi ve artan dolgu miktarinin
kompozit i¢inde daha fazla kat1 faz olusturmasi ile agiklanabilir. Ayrica dolgu pargaciklarinin
matris bogluklarin1 doldurmasi, porozitenin azalmasina ve dolayisiyla yogunlugun artmasina
katki saglamis olabilir.

Bununla birlikte yogunluk artis1 dogrusal olmakla birlikte artis miktar1 sinirlidir; bu durum
dolgunun organik kokenli ve nispeten diisik yogunluklu bir malzeme olmasindan
kaynaklanmaktadir. Genel olarak grafik, zeytin c¢ekirdegi tozu ilavesinin kompozitin
yogunlugunu kontrollii ve kademeli sekilde artirdigini, ancak sistemin hafiflik avantajin
tamamen kaybettirmedigini géstermektedir. Bu sonug, hafif ve stirdiiriilebilir kompozit tasarimi
acisindan olumlu degerlendirilebilir.
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Sekil 2. Numunelerin yogunluk degerleri

Numunelerin sertlik 6zellikleri sekil 3°te verilmistir. Zeytin ¢ekirdegi tozu dolgulu vinilester
kompozitlerin Shore D sertlik verileri, literatiirdeki biyokompozit ¢aligmalariyla genel bir uyum
sergilemektedir. Diisiik dolgu oranlarinda (%5) ulasilan maksimum deger, dolgunun matris
icindeki bosluklar1 doldurarak polimer zincirlerinin hareketliligini kisitladigini gostermektedir.
Ancak dolgu oraninin %10 ve lizerine ¢ikmasiyla gozlemlenen sertlik kaybu, literatiirde sikga
karsilasilan topaklanma ve hidrofilik yapidaki dogal dolgu ile hidrofobik vinilester matris
arasindaki zayif arayiizey bagindan kaynaklandig1 diisiiniilmektedir. Ozellikle %15 ve %20
oranlarindaki diisiis, yiiksek dolgu miktarinin karisim sirasinda hava bosluklarini artirmasi ve
matris siirekliligini bozmasiyla agiklanabilir; bu durum, zeytin ¢ekirdegi gibi tarimsal atiklarin
polimer matrislerde belirli bir esik degerinden sonra mekanik 6zellikleri zayiflatabildigi
gercegiyle ortiismektedir.
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Sekil 3. Numunelerin sertlik 6zellikleri
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Sekil 4’te numunelerin Izod darbe mukavemeti 6zellikleri verilmistir. Zeytin ¢ekirdegi tozu
dolgulu vinilester kompozitlerin Izod darbe mukavemeti degerleri incelendiginde, sertlik
grafigiyle paralel bir davranis sergileyerek %5 dolgu oraninda sinirli bir artisin ardindan
belirgin bir disiis egilimine girdigi goriilmektedir. Saf vinilesterin 2,1 kJ/m2 olan darbe
direncinin %5 dolgu ilavesiyle 2,2 kJ/m? seviyesine yiikselmesi, diisiik oranlardaki zeytin
¢ekirdegi parcaciklarinin matris iginde catlak ilerlemesini engelleyen birer bariyer gorevi
gordiigiinii ve darbe enerjisinin bir kismini absorbe edebildigini gostermektedir.

Ancak dolgu oran1 %10 seviyesinden itibaren artmaya devam ettik¢ce darbe mukavemetinde
ciddi bir azalma yasanmakta ve %20 dolgu oraninda 1,65 kJ/m? ile en diisiik seviyeye
gerilemektedir. Bu durum, dolgu miktarindaki artisin matrisin siirekliligini bozarak malzeme
yapisint daha gevrek bir hale getirmesinden ve yiiksek dolgu konsantrasyonlarinda olusan
topaklanmalarin gerilme yigilma noktalari olusturarak catlak olusumunu tetiklemesinden
kaynaklandig1 distiniilmektedir. Zeytin ¢ekirdegi tozu diisiik oranlarda darbe soniimleme
kapasitesine katki saglarken, yiiksek oranlarda matris ve takviye arasindaki arayiizey zayiflig
nedeniyle kompozitin toklugunu olumsuz etkilemektedir.
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Sekil 4. Numunelerin Izod darbe mukavemeti 6zellikleri

Tablo 2’de kompozit numunelerin ¢ekme testi sonuclar1 verilmistir. Zeytin ¢ekirdegi tozu
dolgulu vinilester kompozitlerin cekme testi sonuglari incelendiginde, ¢ekme mukavemetinin
%10 dolgu oranma kadar artig gostererek 21,1 MPa degeriyle tepe noktasina ulastigi, bu
noktadan sonra ise diisiise gectigi goriilmektedir. Saf vinilesterin 19,6 MPa olan mukavemetinin
%S5 ve %10 takviye oranlarinda iyilesmesi, diisiik dolgu miktarlarinda zeytin c¢ekirdegi
parcaciklarinin matris i¢inde etkili bir yiikk tasiyict olarak gorev yaptifini ve arayiizey
etkilesiminin 1yi oldugu diisliniilmektedir. Ancak dolgu orant %15 ve %20’ye ¢iktiginda
mukavemetin sirasiyla 19,1 MPa ve 17,8 MPa degerlerine gerilemesi, asir1 dolgu miktarinin
matris siirekliligini bozdugunu ve olusan topaklanmalarin gerilme yigilmalarina yol agtig1, bu
da ¢ekme mukavemetini diislirdiiglinii gostermektedir. % Uzama degerleri incelendiginde,
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dolgu miktarindaki artisla birlikte malzemenin siinekliginin siirekli bir azalma egiliminde
oldugu dikkat ¢ekmektedir.

Bu durum, sert pargaciklarin polimer zincirlerinin hareket kabiliyetini kisitlamasi nedeniyle
kompozitin daha gevrek bir yap1 kazandigimi ortaya koymaktadir. Sonug olarak, ¢ekme
mukavemeti acisindan %10 dolgu oram1 optimum nokta olarak belirlenebilecegi tespit
edilmistir.

Tablo 2. Kompozit numunelerin ¢ekme testi sonuglari

Dolgu Orani Cekme Mukavemeti, % Uzama
(Agirlikea, %) (MPa)
0 19,6 0,49
5 20,4 0,41
10 21,1 0,39
15 19,1 0,29
20 17,8 0,25

Sekil 5’te numunelerin kirik yiizey goriintiileri verilmistir. Saf vinilester (a) numunesinde
kirilma ylizeyi daha diizgiin ve lineer ¢atlak izleri igeren bir yapi1 sergilemektedir, ¢atlak
ilerlemesi biiyiik 6l¢iide diiz bir hat boyunca gerceklesmistir. Bu durum matris stirekliliginin
yiiksek oldugunu ancak c¢atlak sapmasini engelleyecek mikro bariyerlerin bulunmamasi
nedeniyle daha belirgin bir gevrek kirilma davraniginin olustugunu géstermektedir. Zeytin
cekirdegi tozu dolgulu vinilester kompozitine ait SEM goriintiisii incelendiginde, malzemenin
kirik yiizeyinde gozlemlenen nispeten diizlemsel bolgeler vardir. Malzemenin gevrek bir
kirllma sergiledigini kanitlayarak % uzama degerlerindeki diisiisi morfolojik olarak
desteklemektedir. Matris igerisinde dagilmis haldeki dolgu pargaciklarinin ¢atlak ilerlemesine
kars1 bir bariyer olusturmasi, %5 ve %10 dolgu oranlarinda ¢gekme mukavemetinin neden
arttigin1 aciklarken; parcacik cevresinde goriilen ayrilmalar ve bosluklar, yiiksek dolgu
oranlarinda matris-takviye arayiizey baginin zayifladigini ve buna bagli olarak mukavemet ile
darbe direncinin diistiigiinii gostermektedir.

Ozellikle dolgu pargaciklarmin yerinden ¢iktig1 bosluklar, darbe enerjisinin séniimlenmesinde
rol oynamasina ragmen, %10'un {izerindeki dolgu miktarlarinda bu durumun birer gerilme
y1g1lma noktasina doniiserek mekanik performansi olumsuz etkiledigi sonucuna varilmaktadir.
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20 pm* EHT = 10.00 kV Signal 4 = SE1
WD = 8.0 mm Mag 100K X

20 pm* EHT = 10.00 kV Signal A = SE1
WD =10.0 mm Mag = 500X

b)
Sekil 5. Numulerin kirik ylizey goriintiileri a) saf vinilester b)%10 zeytin ¢ekirdegi dolgulu kompozit

SONUCLAR

Zeytin c¢ekirdegi tozu dolgulu vinilester kompozitler ilizerinde gergeklestirilen ¢aligmalar
sonucunda, %5 ve %10 dolgu oranlarinin mekanik performans agisindan kritik esikler oldugu
tespit edilmistir. Sertlik analizlerinde, %5 dolgu ilavesinin matris yogunlugunu artirarak en
yuksek Shore D degerine ulastigi, ancak bu orandan sonra topaklanma ve hava bosluklari
nedeniyle sertligin kademeli olarak diistiigli gézlemlenmistir. Cekme mukavemeti %10 dolgu
oraninda 21,1 MPa ile zirve noktasina ulagarak saf vinilestere gore iyilesme gosterirken, bu
noktadan sonraki artiglarin matris sitirekliligini bozarak mukavemeti diigiirdiigii ve malzemenin
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stinekligini (% uzama) %0,49'dan %0,25'e indirerek daha gevrek bir yapiya doniistiirdigii
belirlenmistir. 1zod darbe testi sonuglar1 da bu bulgular1 destekler nitelikte olup, %5 dolgu
oranindaki 2.2 kJ/m?’lik maksimum mukavemetten sonra dolgu miktarinin artmasiyla enerji
sonimleme kabiliyetinin azaldigin1 ortaya koymaktadir. SEM goériintiileri ise malzemenin
gevrek kirllma davranigini ve yiiksek dolgu oranlarindaki zayif araylizey bagini morfolojik
olarak kamitlamaktadir. Ozetle, zeytin cekirdegi tozunun vinilester matrisle kullaniminda
mekanik Ozelliklerin optimizasyonu igin %5-10 araligindaki dolgu miktarlarinin en uygun
calisma araligi oldugu sonucuna varilmistir. Ayrica bu atigin katma degeri yiiksek olacak
sekilde degerlendirilebilecegi tespit edilmistir.
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OZET

Bu calismada, siirdiiriilebilir ve diisiik maliyetli bir organik atik olan kestane kabugunun
vinilester matris igerisinde dolgu malzemesi olarak kullanilabilirligi aragtirtlmigtir. Farkli
oranlarda hazirlanan kestane kabugu dolgulu kompozit numunelerin mekanik 6zellikleri ve
kirtlma davranislar1 incelenmistir. Numuneler standartlara uygun olarak hazirlanms; sertlik,
yogunluk, Izod darbe ve ¢ekme mukavemeti testleri gerceklestirilmis, kirilma yiizeyleri ise
taramali elektron mikroskobu (SEM) ile analiz edilmistir. Elde edilen sonuglar, diisiik dolgu
oranlarinda kestane kabugunun vinilester matris i¢in takviye edici etki gosterdigini ortaya
koymustur. Ozellikle %5 dolgu oranina sahip numune, saf vinilestere kiyasla daha yiiksek
sertlik ve ¢cekme mukavemeti degerleri sergilemistir. SEM analizleri, bu iyilesmenin dolgu
pargaciklarinin matris icerisinde nispeten homojen dagilimi ve etkin gerilme transferi ile iligkili
oldugunu gostermistir. Buna karsilik dolgu oraninin artmasiyla birlikte arayiizey ayrilmalari ve
mikro bosluk olusumu gibi yapisal kusurlarin arttig1 ve bunun mekanik performansi olumsuz
etkiledigi belirlenmistir. Sonu¢ olarak, kestane kabugu diisiik oranlarda vinilester esash
kompozitlerde ¢evre dostu ve potansiyel bir dolgu malzemesi olarak degerlendirilebilir oldugu,
ancak optimum mekanik performans i¢in dolgu oraninin optimize edilmesi gerektigi tespit
edilmistir.

Anahtar Kelimeler: Kestane kabugu tozu, termoset, kompozit, mekanik 6zellikler
GIRIS

Kestane, Asya ve Avrupa kitalarinda yaygin olarak yetistirilen, ekonomik ve ekolojik agidan
onemli bir sert kabuklu meyvedir. Dlnya genelinde kestane Uretimi son yillarda artis egilimi
gostermekte olup, kiiresel kestane tiretimi yillik yaklasik 2,3 milyon ton seviyesindedir [1]. Bu
iiretimin biiylik bir boliimii Asya kitasinda yogunlasmakta, 6zellikle Cin Halk Cumhuriyeti
diinya kestane tiretiminde agik ara lider konumda olup tUlkemiz de 6nemli miktarda kestane
iireticisi konumundadir [2-3]. Ozellikle Akdeniz iilkelerinde kestane hem gida sanayinde hem
de kirsal ekonomi agisindan stratejik bir {iriin niteligindedir [4].
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TUIK verilerine gore, Tiirkiye’de 2024 yili itibartyla yillik kestane iiretimi yaklasik 74.000
ton seviyesindedir. Ulkede kestane iiretimi hem dogal orman alanlarinda hem de bahgelerde
gerceklestirilmektedir. Ozellikle Aydin ili, Tiirkiye toplam kestane iiretiminin yaklasik %30—
35’ini tek basina karsilamakta olup, tilkenin en 6nemli kestane Gretim merkezidir. Tlrkiye
genelinde kestane yetistirilen alan biiyiikliigl yaklasik 140.000 dekar, kestane agaci sayisi ise 3
milyonun Gzerinde olarak rapor edilmektedir [5-7]. Bu veriler, kestane tiretiminin stirekliligi ve
hammaddenin yillik olarak yenilenebilir nitelikte olmasi a¢isindan 6nem tagimaktadir.

Bu yiiksek iiretim hacmi, kestane isleme siirecleri sonucunda 6nemli miktarda kestane kabugu
atigiin ortaya ¢ikmasina neden olmaktadir. Gida amagh tiiketimde i¢ meyve ayrildiktan sonra
geriye kalan dis ve i¢c kabuklar cogunlukla degerlendirilmeden atik olarak birakilmakta veya
diisiik katma degerli alanlarda kullanilmaktadir. Bu durum, kestane kabugunu siirdiiriilebilir

malzeme gelistirme ¢alismalar1 i¢in potansiyel bir biyolojik atik haline getirmektedir [5].

Tarimsal iiretim sonucunda ortaya ¢ikan biyolojik atiklar, giiniimiizde ¢evresel stirdiiriilebilirlik
kapsaminda 6nemli bir arastirma konusu haline gelmistir. Kestane kabugu; lignoseliilozik
yapisi, dogal lif igerigi ve biyobozunur karakteri nedeniyle katma degerli malzeme iiretimi i¢in
uygun bir hammaddedir [8].

Kestane kabugu genellikle yakma veya dogrudan bertaraf yoluyla degerlendirilmektedir. Ancak
bu yontemler potansiyel bir hammaddenin israf edilmesine neden olmaktadir. Oysa kestane
Uretiminin yogun oldugu bolgelerde, kabuk atiklariin diizenli olarak toplanmasi ve islenmesi
miimkiindiir. Bu durum, kestane kabugunu dogal takviye elemani veya dolgu malzemesi olarak
kompozit tiretiminde kullanilabilir hale getirmektedir [9].

Tirkiye’de kestane iiretiminin siirekliligi ve belirli bolgelerde yogunlasmasi, kestane kabugu
temelli kompozit malzemelerin yerli ve siirdiirtilebilir bir kaynak kullanilarak gelistirilmesine
olanak tanimaktadir. Bu baglamda, kestane kabugunun degerlendirilmesi hem c¢evresel atik
miktarini azaltmakta hem de ekonomik degeri diigiik bir yan iriinii yiiksek katma degerli bir

miihendislik malzemesine doniistiirme potansiyeli sunmaktadir.

Bu calismada kurutulmus kestane kabugunun vinilester matrisi i¢inde dolgu olarak
kullanilabilirligi incelenmistir. Bu amagla belli oranlarda regineye ilave edilmis ve numunelerin

mekanik Ozellikleri test edilmistir.
DENEYSEL CALISMA

Malzemeler

Bu calismada genel amacli vinilester reginesi kullanilmistir. Regine igerisinde kobalt
hizlandiric1 hazir olarak bulunmaktadir. Vinilester recine sertlestiricisi olarak % 1,5 oraninda
(agirlikga) Metil Etil Keton Peroksit, (MEK-Peroksit) kullanilmistir
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Numunelerin Hazirlanmasi

Bu ¢alismada kestane kabugu ogiitiilerek belli boyuta (0-200 mikron) getirilmistir. Bu
partikuller belli oranlarda vinilester recinesine ilave edilerek kompozit numuneler
hazirlanmistir. Kalip olarak agik kalip yontemi ile dokiim yapilmis ve kalip malzemesi olarak
Teflon tercih edilmistir. i1k olarak agirlik¢a %5 oranindan baslayarak doyum noktasi olan %20
oranina kadar devam ettirilmistir. Ancak %20 dolgulu kompozit numuneler sertlesme
gostermemistir. Karisim igerikleri tablo 1°de verilmistir.

Tablo 1. Karisimlarin igerikleri

Kestane Kabugu Regine Orani Sertlestirici
Orani, (agirlikea, %) Orani
0 100 1,5
5 100 1,5
10 100 1,5
15 100 1,5
20 100 15

Kompozit numunelerin gekme testi ISO 527 standardina gére Smm/dk hizinda, ¢entiksiz darbe
deneyi numuneleri 5.4 J Izod cekig ile, sertlik testi 6lgiimleri Shore D test cihazinda icra
edilmistir. SEM analizi Marmara Universitesi Nanoteknoloji ve Biyomalzemeler Uygulama ve
Arastirma Merkezi Laboratuvarinda gergeklestirilmistir. Sekil 1’de ¢ekme deneyi icin iiretilen

kompozit numunelerin fiziki goériintiileri verilmistir.

J—

Sekil 1. Kestane kabugunun 6giitiilmeden 6nceki ve sonraki hali

BULGULAR VE TARTISMA
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Bu calismada, dogal dolgulu termoset esasli kompozit liretimi yapilmis ve mekanik 6zellikleri
incelenmistir. Caligmada dogal dolgu olarak iilkemizde bol bulunan kestane kabugu
kullanilarak cevreye duyarli bir kompozit tiretimi hedeflenmistir. Matris malzemesi olarak
kompozit endistrisinde ¢ok yogun olarak kullanilan genel amagli vinilester recinesi
kullanilmaistir.

Kestane kabugu dolgulu vinilester esasli kompozit sistemlerinde, %20 dolgu oraninda yeterli
duzeyde sertlesme gerceklesmemistir. Kestane kabugu, tanen ve ¢esitli fenolik bilesikler
acisindan zengin bir yapiya sahiptir. Bu fenolik bilesenler radikal tutucu 6zellik gostererek
serbest radikallerle reaksiyona girmekte ve polimerizasyon zincirini sonlandirmaktadir.
Ozellikle yiiksek dolgu oranlarinda bu etki daha belirgin hale gelmekte ve radikal iiretim hizi
ile radikal tiiketim hiz1 arasindaki denge bozulmaktadir. Sonug olarak ¢apraz bag yogunlugu
diismekte ve tam kiirlenme saglanamamaktadir. Bunun yaninda kestane kabugunun hafif asidik
karakteri, kobalt hizlandiric1 igeren vinilester sistemlerinde reaksiyon kinetigini olumsuz
etkileyebilmektedir.

Sekil 2’de kompozit numunelerin yogunluk degerleri verilmistir. Yogunluk degerleri
incelendiginde, saf vinilester yogunlugunun 1,10 g/cm?® oldugu, kestane kabugu dolgu
ilavesiyle birlikte bu degerin kademeli olarak arttigi gorilmektedir.

Kestane kabugu partikiillerinin matris icerisine dahil edilmesiyle kompozit yapinin toplam
kitlesini artirmaktadir. Dogal lignoseliilozik bir malzeme olan kestane kabugu; seliiloz,
hemiseliiloz ve lignin iceren kompakt bir yapiya sahiptir. Ogiitiilmiis dolgular, kompozitin
birim hacim basina diisen kiitlesini artirmaktadir. Bu durum, yogunluk degerlerindeki diizenli
yiikselisi desteklemektedir.

Belirli bir dolgu oranindan sonra sistemin yogunluk artisina doygunluk gostermeye baglamistir.
Yuksek dolgu oranlarinda partikiil-topaklanmasi (aglomerasyon) ve matris igerisinde homojen
dagilmama gibi durumlar olusabilmekte, bu da ilave edilen dolgunun yogunluga katkisini

sinirlayabilmektedir.
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Sekil 2. Kompozit numunelerin yogunluk degerleri
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Sekil 3’te kompozit numunelerin sertlik degerleri verilmistir. %5 dolgulu numunenin sertligi
en yliksek deger olarak tespit edilmistir. Kestane kabugu %10 ve sonrasi ilavesiyle sertlik degeri
azalmaktadir. Bu azalig, yiiksek dolgu oranlarinda matris—dolgu ara ylizey etkilesiminin
zayiflamast ve partikiil aglomerasyonunun artmasi ile agiklanabilir. Dogal dolgu
malzemelerinin hidrofilik karakteri ile vinilester reginenin hidrofobik yapis1 arasindaki
uyumsuzluk, yiiksek oranlarda ara yiizey baginin zayiflamasina neden olabilir. Bu durum yik
transferinin etkinligini azaltmakta ve sertlik degerinde diislise yol agmaktadir. Ayrica artan
dolgu oram ile birlikte sistemde mikro bosluk olusumu ve homojen dagilmama ihtimali
yiikselmektedir. Bu tiir yapisal diizensizlikler, yiizey sertligi tizerinde olumsuz etki
olusturabilmektedir. Sonug olarak, kestane kabugu dolgu oraninin diisiik seviyelerde sertligi
artirict etki gosterdigi, ancak belirli bir oranin iizerinde matris biitiinliigiinii zayiflatarak sertlik
degerini diislirdiigli anlasilmaktadir. Sertlik icin en ideal dolgu oraninin %5 oldugu tespit

60 I I
10 15

Saf Vinilester 5
Dolgu Orani, %

edilmistir.
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Sekil 3. Kompozit numunelerin sertlik degerleri

Sekil 4’te kompozit numunelerin 1zod darbe mukavemeti degerleri verilmistir. Darbe deneyi
degerleri dikkate alindiginda en yiiksek darbe direnci saf vinilesterde 2,1 kJ/m?2 olarak tespit
edilmistir. %5 dolgu oraninda bu deger 2,0 kJ/m?*’ye hafif bir diisiis gostermistir. Dolgu
ilavesiyle birlikte kompozit yap1 daha rijit hale gelirken, kirilma toklugu kismen azalmistir.
Bunun nedeni, dolgu partikiillerinin catlak ilerlemesini kolaylastirabilecek gerilim yigilma
noktalar1 olusturabilmesidir. Dolgu oraninin %10’a ¢ikarilmasiyla darbe mukavemeti 1,5
kl/m?’ye, %]15’e ¢ikarilmasiyla ise 1,3 kJ/m?’ye diismiistiir. Bu kademeli azalig, artan dolgu
miktari ile birlikte kompozit yapinin daha kirillgan bir karakter kazanmasiyla iliskilidir. Kestane
kabugu partikiilleri yeterli ara yiizey aderansi saglanamadiginda c¢atlak baglatict gibi
davranabilmekte ve darbe altinda enerjinin absorbe edilmesini zorlastirmaktadir. Dogal lif ve
kabuk bazli dolgular genellikle elastik deformasyon kapasitesini sinirlayarak darbe dayanimini
diisiirme egilimindedir. Bu ¢alismada da benzer bir egilim gézlemlenmis; dolgu oran arttik¢a
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kompozitin enerji séniimleme kapasitesinin azaldig: belirlenmistir. Ozellikle %10’dan sonra
diisiisiin daha belirgin hale gelmesi, yiliksek dolgu oranlarinda ara yiizey baginin kritik rol
oynadigimi gostermektedir. Sonug olarak, kestane kabugu ilavesi kompozitin sertlik ve darbe
davranigini farkli yonlerde etkilemistir. Diisiik dolgu oranlarinda sertlik artis1 gozlenirken,
yiiksek oranlarda hem sertlik hem de darbe mukavemeti azalmistir. Bu bulgular, optimum dolgu
oraninin belirlenmesinin kompozit performansi acisindan kritik oldugunu ortaya koymaktadir.

10 15

Saf Vinilester 5
Dolgu Orani, %

N
-
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Sekil 4. Kompozit numunelerin 1zod darbe mukavemeti degerleri

Kompozit numunelere ait gekme testi sonuglari tablo 2°de verilmistir. Saf vinilester reginesinin
cekme mukavemeti 19,6 MPa’dir. Kestane kabugu dolgusu %5 oraninda eklenmesi
mukavemeti artirmis ve yaklasik 20,4 MPa ile en yiiksek degere ulagilmistir. Bu durum, diistik
katki oraninda dolgunun matrise sinirl da olsa gii¢lendirici etki saglamasiyla iliskilendirilebilir.
Ancak dolgu orant %10, %15 seviyelerine ¢iktiginda ¢ekme mukavemeti kademeli olarak
azalmistir. Bu disiisiin, yiiksek dolgu miktarinin matris biitiinliigiinii zayiflatmasi1 ve ara
ylizeyde gerilme birikimlerine yol agmasiyla iliskili oldugu diistintilmektedir.

% uzama degerleri incelendiginde ise tiim dolgu oranlarinda siinekligin azaldig1 goriilmektedir.
Artan dolgu miktari, kompozitin deformasyon kabiliyetini sinirlamis ve yapiy1 daha rijit bir
hale getirmistir.

Tablo 2. Kompozit numunelerin gekme testi sonuglari

Dolgu Orani Gekme Mukavemeti, % Uzama
(Agirlikca, %) (MPa)

0 19,6 0,49
5 20,4 0,38
10 18,1 0,36
15 13,1 0,29
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Sekil 5’te numunelerin kirik ylizey goriintiileri verilmistir. SEM analizleri, kestane kabugu
dolgulu vinilester kompozit ile saf vinilester numunesi arasinda morfolojik farkliliklar
oldugunu gostermektedir. Saf vinilester (a) numunesinde kirilma yiizeyi daha homojen, diizgiin
ve lineer ¢atlak izleri igeren bir yap1 sergilemekte olup, catlak ilerlemesi biiyiik 6l¢iide diiz bir
hat boyunca gerceklesmistir. Bu durum matris stirekliliginin yiiksek oldugunu ancak catlak
sapmasini engelleyecek mikro bariyerlerin bulunmamasi nedeniyle daha belirgin bir gevrek
kirllma karakterinin olustugunu gostermektedir. Buna karsilik kestane kabugu dolgulu
kompozitte kirilma ylizeyi daha piiriizli ve heterojen bir morfoloji sergilemekte, matris
icerisinde gomiilii dolgu pargaciklari, yer yer pargacik cekilme izleri ve smirli arayiizey
ayrilmalar1 gozlenmektedir. Dolgu varligi ¢atlak ilerleme yoniinii degistirerek ¢atlak sapmasina
neden olmus ve kirilma ylizeyinde daha karmagik bir topografi olusturmustur. Bu durum,
ozellikle diisiik dolgu oranlarinda daha etkin gerilme transferi ve daha yiiksek kirilma enerjisi
ile iligskilendirilebilir. Nitekim %35 dolgu igeren numunenin daha yiiksek sertlik ve ¢ekme
mukavemeti gostermesi, dolgu partikiillerinin matris icerisinde yeterli dagilim saglayarak
mekanik performansa katki sundugunu desteklemektedir. Ancak araylizeyde gozlenen yerel
bosluklar ve pargacik ¢ekilme izleri, dolgu oraninin artmasi durumunda mekanik 6zelliklerin
sinirlanabilecegine isaret etmektedir.
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20 pm* EHT = 10.00 kV Signal A = SE1
WD = 8.0 mm Mag= 1.00KX

20 pm* EHT =10.00kV Signal A = SE1
WD = 80mm Mag= 100KX

Sekil 5. Numulerin kirik yilizey goriintiileri a) saf vinilester b) %5 kestane dolgulu kompozit

SONUCLAR

Bu ¢aligmada kestane kabugu dolgulu vinilester esasli kompozitlerin mekanik 6zellikleri dolgu
oranina bagli olarak incelenmistir. Elde edilen sonuglar, diisiik oranli dolgu kullaniminin sistem
lizerinde olumlu bir takviye etkisi olusturdugunu géstermistir. Ozellikle %5 oraninda kestane
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kabugu igeren numunenin, saf regineye ve daha yiiksek dolgu oranlarina kiyasla daha yiiksek
sertlik ve ¢ekme mukavemeti degerleri sergiledigi, darbe mukavemetinin ise tolere edilebilir
seviyede diisiis gosterdigi tespit edilmistir. Bu durum, diisiik dolgu iceriginde parcaciklarin
matris i¢erisinde daha homojen dagildigini ve iyi arayiizey 6zellikler gosterdigini ifade eder.

Buna karsilik dolgu oraninin artirilmastyla birlikte mekanik 6zelliklerde diistis g6zlenmis olup,
bu durum yiiksek dolgu miktarinin recine siirekliligini bozmasi, pargacik aglomerasyonu
olusturmasi1 ve araylizey baglanmasinin zayiflamasi ile iligskilendirilebilir. Ayrica kestane
kabugu, tanen ve ¢esitli fenolik bilesikler agisindan zengin bir yapiya sahip olmasiyla radikal
tutucu Ozellik gostererek serbest radikallerle reaksiyona girmekte ve polimerizasyonu olumsuz
etkilemektedir. Ozellikle yiiksek dolgu oranlarinda bu etki daha belirgin hale gelmekte ve
radikal tiretim hizi ile radikal tiiketim hiz1 arasindaki denge bozulmaktadir. Sonug olarak ¢apraz
bag yogunlugu diismekte ve tam kiirlenme saglanamamaktadir. Yine kestane kabugunun hafif
asidik karakteri, kobalt hizlandirici iceren vinilester sistemlerinde reaksiyon kinetigini olumsuz
etkileyebilmektedir.

Sonug olarak, kestane kabugunun diisiik oranlarda kullanimi vinilester matris i¢in mekanik
acidan avantaj saglamakta; ancak optimum dolgu oraninin asilmasi durumunda takviye etkisi
zayiflamaktadir. Bu bulgular, kestane kabugu dolgusu gibi siirdiiriilebilir organik atik
dolgularin polimer kompozitlerde etkin bi¢cimde kullanilabilmesi icin dolgu orani
optimizasyonunun 6nemli oldugunu ortaya koymaktadir.
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ABSTRACT

Freshwater generators (FWGS) are critical auxiliary systems on board ships, as they supply the
freshwater required for both crew consumption and essential machinery operations. Their
efficient and reliable performance is vital for maintaining operational continuity, energy
efficiency, and cost control, particularly during long voyages where external water supply is
not available. In practice, however, FWG systems are frequently subject to performance losses
caused by the interaction of multiple environmental, technical, and operational factors. This
study investigates the factors affecting the efficiency of vacuum-type freshwater generators and
examines the causal relationships among these factors using the DEMATEL method. The
evaluation criteria were identified through a combination of literature review, field experience,
and expert opinions, and were grouped under seawater system parameters, hot water system
parameters, and operational and maintenance-related factors. The DEMATEL approach was
applied to determine both the level of influence among these factors and their cause—effect
relationships. The results indicate that operational and maintenance-related factors, such as low
ejector pump pressure, system leaks, and fouling on heat transfer surfaces, are the primary root
causes of efficiency loss. In contrast, parameters such as vacuum level and feed water flow rate
were identified as effect factors, showing that they are outcomes of underlying system issues
rather than direct causes. The findings emphasize the importance of focusing on root causes
instead of observable symptoms and provide a structured decision-support framework for

improving the performance and reliability of FWG systems in marine applications.

Anahtar Kelimeler: Freshwater generator, Seawater desalination, Marine auxiliary systems,

Water production efficiency, DEMATEL method, Cause—effect analysis
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1. INTRODUCTION

Freshwater is one of the most essential resources for both human life and industrial processes.
On board ships, its importance is even more pronounced due to the isolated nature of maritime
operations. Freshwater is required not only for basic crew needs such as drinking, cooking, and
hygiene, but also for critical engineering applications. These include jacket water cooling
systems, boiler feed water, and various auxiliary processes where water quality directly affects
system performance, efficiency, and equipment lifespan [1]. Given that ships operate far from
shore-based supply systems for extended periods, the continuous production of freshwater
becomes a necessity rather than an option. For this reason, freshwater generators (FWGs) have
become standard equipment in modern vessels. These systems enable ships to produce
freshwater from seawater, ensuring operational independence and reducing reliance on stored
water. Any failure or inefficiency in FWG operation can therefore lead to serious operational
constraints, increased costs, and potential safety risks [2]. Therefore, the reliable and efficient
operation of FWGs is a fundamental requirement for sustainable ship operations. In practice,
FWG systems often suffer from performance losses. These losses appear as reduced water
production, higher energy consumption, and increased maintenance needs. In most cases, such
problems do not result from a single failure. Instead, they arise from the interaction of multiple
factors. These include the seawater (SW) system, the hot water (HW) system, and operational
or maintenance-related conditions. For example, a reduction in seawater flow can disturb the
vacuum level [3]. This directly affects evaporation and reduces freshwater production.
Similarly, low temperature or insufficient flow in the hot water system limits heat transfer [4].
Ultimately, the evaporation process becomes less efficient. Water quality is another important
issue [1], [5]. High salinity or mineral content can lead to scaling and corrosion. Over time, this
damages heat transfer surfaces and reduces system performance.

Various desalination technologies are available for marine applications, including multi-effect
evaporation, reverse osmosis, multistage flash evaporation, and conventional evaporators [4].
Among these, low-temperature, vacuum-type single-stage freshwater generators are the most
widely used due to their simple design, compact structure, and compatibility with limited waste
heat sources [6]. Numerous studies in the literature have focused on improving the
thermodynamic performance of desalination systems. For example, Al-Juwayhel et al. (1997)
highlighted the efficiency potential of vapor compression systems, while Aly and EI-Figi (2003)
analyzed the effects of operational parameters such as flow rate and temperature on system
performance [7], [8]. Similarly, Shih and Shih (2007) identified multiple-effect distillation with
thermal vapor compression as a highly efficient configuration [9]. Other studies have explored
alternative heat sources [10], design parameter impacts [11], and thermo-economic
optimization approaches [12], [13], [14]. These studies demonstrate that system performance is
strongly influenced by thermodynamic, structural, and operational parameters. Previous studies
mainly focus on thermodynamic performance and system design. Energy efficiency is also a
common topic in the literatiire. However, the relationships between operational errors,
maintenance issues, and system performance are not well explored. In particular, studies that
analyze these relationships using multi-criteria decision-making methods are limited [15].
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This study aims to address this gap. The DEMATEL method is used to examine the
relationships between the factors affecting FWG efficiency. The focus is not only on identifying
important factors, but also on understanding how they influence each other. In this way, root
causes and resulting effects can be distinguished. The findings are expected to support decision-
making in maintenance planning and system operation.

2. MATERIALS AND METHOD
2.1. System Description

This study focuses on vacuum-type freshwater generators commonly used on ships. These
systems produce freshwater by evaporating seawater under low pressure conditions. The
operating temperature is generally between 40 and 60°C. The required heat is obtained from
the waste heat of the main engine jacket cooling water. The system mainly consists of an
evaporator, condenser, ejector system, and distillate pump. The vacuum level is one of the most
critical parameters in the system. Any reduction in vacuum increases the boiling temperature
and directly reduces freshwater production. Therefore, stable vacuum conditions are essential
for efficient operation.

2.2. Determination of Criteria

The criteria affecting FWG performance were determined based on literature review, onboard
observations, and expert opinions. These criteria were grouped into three main categories:
seawater system, hot water system, and operational and maintenance factors. The seawater
system includes parameters such as seawater temperature, salinity, flow rate, ejector pump
pressure, and vacuum level. The hot water system includes temperature and flow rate, which
directly affect heat transfer. Operational and maintenance-related factors include issues such as
fouling, clogging, leakage, and ejector performance. These criteria were selected to represent
both environmental conditions and system-related factors that influence FWG efficiency.
Criteria determined for fresh water generator efficiency were presented in Table 1.

Table 1. Criteria affecting FWG efficiency

Category Code Criterion
Seawater System (SW) S1 Seawater Temperature
S2 Seawater Salinity
S3 Feed Water Flow Rate
S4 Ejector Pump Outlet Pressure
S5 Vacuum Rate

Hot Water System (HW) H1 Hot Water Temperature
H2 Hot Water Flow Rate
Operational & Maintenance (T) Tl Partially Clogged Feed Water Orifice

T2 Residue/Dirt on Hot Water Side
T3 Fouling on Seawater Side

T4 Blockage of Inlet Channels

T5 Low Ejector Pump Pressure

T6 Leaks

T7 Foreign Bodies in Ejector Nozzles
T8 High Back Pressure

T9 Excessive Hot Water Temperature
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2.3 DEMATEL Method

The DEMATEL (Decision-Making Trial and Evaluation Laboratory) method was used in this
study to analyze the interrelationships among the factors affecting the efficiency of ship
freshwater generators. This method is suitable for complex systems in which criteria influence
each other directly and indirectly [16]. In addition to determining the importance of each
criterion, DEMATEL also reveals the cause—effect structure within the system.

In the first step, expert judgments were collected to evaluate the degree of influence of one
criterion on another. A scale ranging from 0 to 4 was used, where 0 represents no influence and
4 represents very high influence. Based on these evaluations, the initial direct relation matrix
was formed as:

4= [aij]nxn

where ajj represents the direct influence of criterion i on criterion j. The direct relation matrix
was then normalized in order to ensure comparability among the values. The normalization
factor was calculated using the maximum row sum:

n
S = max z a;j
Osisn
j=1

M =

wlx

where M is the normalized direct relation matrix. After normalization, the total relation matrix
was obtained to determine both direct and indirect effects among the criteria. The total relation
matrix was calculated as:

T=M(UI-M)"?

where 1 is the identity matrix and T is the total relation matrix. To determine the role of each
criterion in the system, the sums of rows and columns of the total relation matrix were
calculated. The row sum gives the total influence exerted by a criterion on the others, while the
column sum represents the total influence received from the other criteria:

Using these values, the prominence and relation measures were obtained. The prominence value
is defined as Di + Ri and shows the overall importance of a criterion within the system. The
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relation value is defined as D;j - Ri. A positive D—R value indicates that the criterion belongs to
the cause group, whereas a negative value shows that it belongs to the effect group.

To visualize the system structure more clearly, a threshold value was applied to the total relation
matrix. The purpose of the threshold is to remove weak and less meaningful relationships and
to retain only the most critical interactions among the criteria. In many DEMATEL
applications, the threshold value is determined using the average of the total relation matrix
elements [17]. However, in this study, a stricter approach was adopted in order to identify only
the strongest and most significant relationships. The threshold value was therefore calculated
by adding two standard deviations to the mean of the total relation matrix values,

a=T+ 20

where T is the arithmetic mean of all elements in the total relation matrix and o is the standard
deviation of these elements. This approach makes the filtering process more selective and
allows the analysis to focus on the dominant causal links within the system. As a result, the
DEMATEL diagram highlights only the most critical interactions, making the interpretation of
the cause—effect structure clearer and more meaningful.

In addition to the cause—effect analysis, the relative weights of the criteria were also calculated.
For this purpose, a composite measure was obtained by combining the prominence and relation
values of each criterion. First, the squared values of

Wi =/ (D; + R)? + (D; — R;)?

Wi represents the unnormalized weight of criterion i. In the final step, these values were
normalized to obtain the relative criterion weights.

This weighting procedure makes it possible to evaluate each criterion not only according to its
total involvement in the system, but also according to its causal role. As a result, the obtained
weights provide a more comprehensive basis for ranking the criteria and prioritizing
maintenance and operational decisions.

3. RESULTS AND DISCUSSION

3.1 DEMATEL Results and Cause-Effect Analysis

The total relation matrix heatmap and results obtained from the DEMATEL analysis are
presented in Figure 1 and Table 2, respectively.
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Total Relation Matrix Heatmap
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Figure 1. Total relation matrix heatmap

Table 2. DEMATEL analysis results

Criteria D R D + R (Prominence) D — R (Relation)
H1 1.625 1.908 3.5633 -0.283
H2 1.321 0.948 2.269 0.373
Sl 1.479 0.943 2.423 0.536
S2 1.748 1.126 2.874 0.622
S3 1.376 2.312 3.688 -0.937
sS4 2.047 2.083 4.130 -0.036
S5 1.416 2.727 4.143 -1.311
T1 1.378 1.850 3.227 -0.472
T2 1.497 1.407 2.904 0.090
T3 2.156 1.922 4.078 0.234
T4 1.916 1.861 3.778 0.055
T5 2.365 1.815 4.180 0.550
T6 2.253 1.739 3.993 0.514
T7 1.792 1.368 3.160 0.424
T8 1.781 1.580 3.360 0.201
T9 1.725 2.284 4.009 -0.559

To better visualize the relationships among the criteria, a cause—effect diagram based on the
DEMATEL results is presented in Figure 2. The diagram clearly illustrates the interaction
structure and the distribution of cause and effect factors within the system.
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DEMATEL Cause-Effect Diagram
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Figure 2. DEMATEL diagram

Based on the calculated total relation matrix, the mean value was found as T= 0.109 and the
standard deviation was calculated as 6 = 0.042. Accordingly, the threshold value was obtained
as o = 0.193. Thus, only the relationships with values greater than 0.193 were considered
significant in the DEMATEL diagram. Therefore, relationship network is presented in Figure
3. This approach allowed the analysis to focus on the strongest and most meaningful
interactions among the criteria while filtering out weaker connections.
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DEMATEL Relationship Network (Threshold = 0.193)

H1

Figure 3. Critical Relationship Network

The findings indicate that several operational and maintenance-related factors act as dominant
cause factors. In particular, low ejector pump pressure (T5), system leaks (T6), and seawater
salinity (S2) have positive (D—R) values, indicating their strong influence on other parameters.
Among these, T5 and T6 show the highest causal impact, suggesting that deficiencies in the
ejector system and system tightness play a critical role in initiating performance losses. In
contrast, vacuum rate (S5) and feed water flow rate (S3) have negative (D—R) values and are
classified as effect factors. This result shows that vacuum degradation is not a root cause, but
rather a consequence of underlying system issues. Therefore, corrective actions focusing only
on vacuum recovery may not provide a permanent solution.

3.2 Criteria Importance and Weighting Analysis

The relative importance of each criterion was evaluated. The results are presented in the
weighting analysis graph in Figure 4. According to the findings, vacuum rate (S5), low ejector
pump pressure (T5), and ejector pump outlet pressure (S4) have the highest importance values.
This indicates that the vacuum generation system is central to FWG performance. Although
vacuum rate is classified as an effect factor, its high importance value suggests that it should be
considered a key performance indicator. This highlights the dual role of vacuum as both a result
parameter and a critical indicator of system health.

111



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 — MUS
ISBN NR : 978-625-8795-09-7

DEMATEL Criterion Weights (Cause—Effect Classification)

I Cause Criteria
Il Effect Criteria

0.08 0077
0.075
0073 ooz o072 o

S5 T S4 T3 T9 T6

Figure 4. Criterion weights classified into cause and effect groups based on DEMATEL analysis
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3.3. Sensitivity Analysis and Scenario Evaluation

To test the robustness of the results, a sensitivity analysis was conducted using different

weighting scenarios for expert evaluations. The weighting distributions applied to the experts
are presented in Table 3.

Table 3. Weighting for expert judgement for various scenarios

Scenarios Weights of Weights of Weights of Weights of
Expert 1 Expert 2 Expert 3 Expert 4
Scenario 1 0.10 0.30 0.30 0.30
Scenario 2 0.30 0.10 0.30 0.30
Scenario 3 0.30 0.30 0.10 0.30
Scenario 4 0.30 0.30 0.30 0.10

Based on these scenarios, the DEMATEL analysis was repeated, and the results were compared

in terms of importance (D+R) and causality (D—R) values. The scenario-based results are
presented in Figure 5.
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Sensitivity Analysis of DEMATEL Results (D+R and D-R)
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Figure 5. Sensitivity analysis results showing D+R and D—R values for all scenarios

The results show that the overall structure of the system remains stable across different
scenarios. Factors identified as cause or effect in the base analysis largely maintain their
positions. This confirms the robustness and reliability of the DEMATEL model. Some
variations in ranking are observed; however, these changes are limited and do not significantly
affect the general interpretation. Operational and maintenance-related factors consistently
remain dominant across all scenarios.

3.4. Discussion

The results reveal that FWG performance is governed by a complex and interconnected
structure. Efficiency losses do not arise from isolated failures, but from the interaction of
multiple factors. One of the most important findings is the clear distinction between cause and
effect factors. Parameters such as ejector performance, leakage, and fouling are identified as
root causes. In contrast, commonly observed parameters such as vacuum loss are shown to be
results. This has direct practical implications. Maintenance approaches that focus only on
visible symptoms may provide short-term improvements but fail to address the actual problem.
A more effective strategy is to identify and eliminate root causes. Overall, the findings
demonstrate that the DEMATEL method is a useful tool for analyzing complex systems such
as FWGs. It provides a structured approach for understanding system behavior and supports
more effective decision-making in maintenance and operation.

4. CONCLUSION

This study examined the factors affecting the efficiency of ship freshwater generators using the
DEMATEL method. The analysis showed that performance losses are not caused by a single
factor but arise from the interaction of multiple system, environmental, and operational
parameters. The results clearly indicate that operational and maintenance-related factors have a
dominant role in the system. In particular, low ejector pump pressure, system leakage, and
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fouling were identified as the main cause factors. These parameters directly influence other
variables and initiate a chain of performance degradation within the system. On the other hand,
parameters such as vacuum level and feed water flow rate were found to be effect factors. This
finding is important from an operational perspective. It shows that commonly observed issues,
such as vacuum loss, are not the root cause of the problem but rather the result of underlying
failures. Therefore, maintenance actions focusing only on restoring these parameters may
provide short-term improvement but cannot ensure long-term system stability.

The weighting analysis further supports these findings. Although vacuum-related parameters
were classified as effect factors, they were found to have high importance values. This indicates
that vacuum level should be considered as a key performance indicator for monitoring system
health. The sensitivity analysis confirmed that the overall cause—effect structure remains stable
under different expert evaluation scenarios. This result increases the reliability of the model and
shows that the identified critical factors are robust. Improving FWG performance requires a
shift from symptom-based interventions to root-cause-oriented maintenance strategies. The
findings of this study provide a structured basis for prioritizing maintenance actions and
improving operational efficiency in marine applications.
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OZET

Mekanik ventilatorler solunum yetmezligi yasayan yogun bakim hastalarinin solunumlarini
desteklemek amaciyla tasarlanmis tibbi cihazlardir. Mekanik ventilatorlerin giivenli kullanimi,
tidal hacim, hava yolu basinci, akis ve oksijen konsantrasyonu gibi temel parametrelerin dogru
Olciilerek hastaya uygulanmasina baghdir. Bu calismada, ventilatér performansinin
degerlendirilmesi amaciyla diisiik maliyetli ve tasmabilir bir akis analizorii prototipi
gelistirilmistir. Sistem, akis ve basing sensorlerinden alinan verileri mikrodenetleyici tizerinde
isleyerek VTI, VTE, Ti, Te, I.E, BPM, PIP, PEEP ve Pmean parametrelerini solunum dongiisii
bazli hesaplamakta, oksijen Ol¢lim kanali ise O: sensorii ve analog-sayisal doniistiiriici
tizerinden FiO: degerini belirlemektedir. Hacim dogrulama testlerinde VTI i¢in R?=0,9995 ve
MAPE=%0,83, VTE i¢in R?=0,9996 ve MAPE=%0,76 bulunmustur. Basin¢ dogrulama
testlerinde PIP icin R2=0,9999, MAPE=%0,4534 ve maksimum mutlak hata 0,20 mbar, PEEP
icin R2=0,9998, MAPE=%1,0915 ve maksimum mutlak hata 0,10 mbar olarak hesaplanmistir.
Pmean i¢in R?*=0,9955 ve MAPE=%1,5866 elde edilmistir. FiO: degerleri R?*=0,9998,
MAE=0,4667 ve MAPE=%1,0324 bulunmustur. Bulgular, gelistirilen prototipin 6n deneysel
kosullarda ventilatér performans parametrelerini referans cihazla yuksek uyum iginde
Olcebildigini gostermektedir.

Anahtar Kelimeler: Mekanik ventilasyon, ventilator kalibrasyonu, akis analizorii tasarimi

DESIGN OF A FLOW ANALYZER FOR EVALUATION OF MECHANICAL
VENTILATOR PERFORMANCE

ABSTRACT

Mechanical ventilators are medical devices designed to support breathing in intensive care
patients with respiratory failure. The safe use of mechanical ventilators depends on the accurate
measurement and delivery of key parameters such as tidal volume, airway pressure, flow, and
oxygen concentration. In this study, a low-cost and portable flow analyzer prototype was
developed to evaluate ventilator performance. The system processes data obtained from flow
and pressure sensors on a microcontroller and calculates breath-by-breath parameters including
VTI, VTE, Ti, Te, l.E, BPM, PIP, PEEP, and Pmean. The oxygen measurement channel
determines the FiO: value using an O: sensor and an analog-to-digital converter. In volume
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validation tests, R2=0.9995 and MAPE=0.83% were obtained for VTI, while R2=0.9996 and
MAPE=0.76% were obtained for VTE. In pressure validation tests, R2=0.9999,
MAPE=0.4534%, and a maximum absolute error of 0.20 mbar were calculated for PIP; for
PEEP, R2=0.9998, MAPE=1.0915%, and a maximum absolute error of 0.10 mbar were
obtained. For Pmean, R?=0.9955 and MAPE=1.5866% were found. For FiO. measurements,
R2=0.9998, MAE=0.4667, and MAPE=1.0324% were obtained. The findings indicate that the
developed prototype can measure ventilator performance parameters in strong agreement with
the reference device under preliminary experimental conditions.

Keywords: Mechanical ventilation, ventilator calibration, flow analyzer design, FiO:
measurement

1. GIRIS

Mekanik ventilasyon, solunum yetmezligi gelisen hastalarda solunum destegi saglayan temel
yasam destek yontemlerinden biridir. Mekanik ventilatorler ise solunum destegi saglayan
cihazlardir. Agirlikli olarak yogun bakim ortaminda kullanilan ventilatorlerin giivenli caligmasi
hastaya iletilen tidal hacim, hava yolu basinci, akis hiz1 ve verilen gaz karisimindaki oksijen
oraninin hedeflenen sinirlar i¢inde kalmasina baglidir [1].

Ventilator parametrelerindeki sapmalar klinik agidan 6nemli sonuglara yol acabilir. Literatiirde
akcigerlere kapasitesinden fazla hava verilmesinin, asir1 basin¢ uygulanmasinin dokulara zarar
verdigi ve akcigerdeki kiigiik hava keseciklerinin (alveol) siirekli olarak soniip tekrar agilmasi
da organin ciddi sekilde yipranmasina yol agabildigi belirtilmistir [2]-[3]. Bu nedenle ventilator
performansinin diizenli olarak test edilmesi, hasta giivenligi ve teknik servis siiregleri agisindan
onem arz etmektedir.

Uluslararas1 diizeyde IEC 80601-2-12 standardi ventilatorlerin performans gerekliliklerini
tanimlamakta, Tiirkiye’de ise Tiirkiye Ilag ve Tibbi Cihaz Kurumu (TITCK) diizenlemeleri
solunum sistemleri yetki grubunda yer alan mekanik ventilatorlerin test, kontrol ve kalibrasyon
stireclerini ¢cergevelemektedir [4]. Ticari gaz akis analizorleri bu dogrulama islemlerinde yaygin
olarak kullanilsa da yiiksek maliyetleri sebebiyle kaynag: kisitli olan kurum ve kuruluslarda
erigilebilirligi simirli olmaktadir. Bu ¢aligmada, temel ventilator performans parametrelerini
izleyebilen diigiik maliyetli bir akis analizorii prototipinin tasarimi ve 6n deneysel dogrulamasi
Sunulmustur.

2. ARKA PLAN VE ILGILI CALISMALAR
2.1. Mekanik ventilasyon parametreleri

Mekanik ventilasyon sirasinda izlenen baslica parametreler hacim, basing, akis ve oksijen
konsantrasyonu bagliklar1 altinda degerlendirilebilir. Tidal hacim (VT), tek bir solunum
dongiisiinde akcigerlere giren (inspirasyon, VTI) veya ¢ikan (ekspirasyon, VTE) gaz hacmini
ifade eder ve klinik uygulamada hastanin ideal viicut agirligina gore ayarlanir [5]-[7]. Tepe
inspiratuar basing (PIP) inspirasyon sirasinda ulasilan maksimum hava yolu basincini,
ekspirasyon sonu pozitif basing (PEEP) ekspirasyon sonunda korunan pozitif basinci, ortalama
havayolu basinci (Pmean) ise solunum dongiisii boyunca ortalama hava yolu basincini gosterir
[8], [9]. Hastanin soludugu gaz karisimindaki oksijen orani FiO: olarak ifade edilir [10].
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2.2. Literatiir calismalari

Ticari ventilator analizorii pazarinda Fluke Biomedical, IMT Analytics ve TSI gibi tireticiler
one cikmaktadir. Bu sistemler yiiksek dogruluk, genis Olgiim araligi ve portatiflik gibi
avantajlar sunmakla birlikte, edinim maliyetlerinin yiiksek olmasi sebebiyle diisiik maddi
kaynaga sahip kurum ve kuruluslarda yaygin kullanimi sinirlt olmaktadir.

COVID-19 pandemisi doneminde ventilator cihazlarina duyulan ihtiyacin artmasi, diisiik
maliyetli ve agik kaynak altyapisina sahip ventilator tasarim girisimlerini hizlandirmistir. Bu
cihazlarin iiretim ve dogrulama asamalarinda performans testlerine tabi tutulma gerekliligi ise
ventilator test analizorlerine yonelik ¢calismalarin artmasina zemin hazirlamistir. Bu dénemde
gelistirilen sistemler temel olarak ticari analizorlere gore daha erisilebilir olmay1 hedeflemistir.

Portable Ventilator Tester calismasinda degerlendirilen temel parametrelerde hata oranlari tidal
hacim icin %6,19, PIP icin %0,97 ve PEEP i¢in %2,54 olarak verilmistir. Bu sonuglar, sistemin
ozellikle basing parametrelerinde diisiik hata diizeyine ulastigini ancak hacim parametresinde
hata oraninin kabul edilebilir sinirdan ¢ok uzak oldugunu gostermektedir [11].

VentMon c¢alismasinda yapilan 500 mL siringa testinde hacim ve akis 6l¢imiinii %2’den daha
iyi dogrulukla 6lcebildigi, oksijen sensdriiniin teknik olarak FiO: i¢in yaklasik %1 dogruluk
sundugu ve diferansiyel basing sensdrlerinin 0,5 cmH-O ¢6ziiniirliige sahip oldugu bildirilmistir
[12].

COVENT-Tester, tidal hacim, PIP ve oksijen konsantrasyonunu dl¢ebilen diisiik maliyetli agik
kaynakli bir sistem olarak sunulmustur. Referans cihaz ile yapilan karsilastirmada ortalama
mutlak ytizde hata(MAPE) degerleri tidal hacim i¢in %1,52, PIP i¢in %]1,13 ve oksijen
konsantrasyonu i¢in %0,79 olarak bildirilmistir. Ayrica en yiiksek PIP hatasinin yaklasik %5
diizeyinde, en yliksek tidal hacim hatasinin ise yaklasik %2,85 diizeyinde oldugu belirtilmis,
tiim parametrelerde ortalama mutlak hatanin %2’nin altinda kaldig1 vurgulanmstir [13].

PytuTester ¢aligmasi, Raspberry Pi tabanli yapisi ve 200 6rnek/s tizerindeki veri toplama hiziyla
ticari analizOrlere daha yakin bir tasarim ortaya koymustur. Calismada gercek Ornekleme
hizinin ¢ degisken Olciiliirken yaklasik 221 6rnek/s diizeyine ulasabildigi, dogrulama
testlerinde tidal hacim hatasinin yaklasik -4 ile 7 mL araliginda, PEEP hatasinin -0,400 ile -
0,289 cmH.O araliginda, PIP hatasinin -0,460 ile -0,117 c¢cmH.O araliginda degistigi
belirtilmistir. FiO2 6l¢limiinde ise sensoriin yaklasik %1,76-%3,52 aralifinda diisiik okuma
egilimi gosterdigi rapor edilmistir [14]. Bu c¢alismalar birlikte degerlendirildiginde, diisiik
maliyetli ventilator test sistemlerinde 6l¢iim parametreleri igin yapilacak yazilim iyilestirmeleri
ve kalibrasyon dlzenlemeleriyle, referans ticari cihazlara yakin hata oranlarina sahip
sistemlerin tasarlanabilecegi goriilmektedir.

3. MATERYAL VE YONTEM

3.1. Sistem tasarimi
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Gelistirilen prototip, akis sensorii, basing sensorii, oksijen 6l¢tim birimi, ana veri isleme birimi,
goriintiileme araylizii ve gii¢ besleme birimlerinden olusturulmustur. Akis ve basing verileri ana
mikrodenetleyici tarafindan okunmus, solunum dongiisii bazli parametreler bu birimde
hesaplanmistir. Hesaplanan degerler seri haberlesme ile goriintiileme birimine aktarilmustir.
Oksijen sensoriiniin diistik seviyeli gerilimi ADS1115 iizerinden diferansiyel olarak okunmus
ve FiO: degeri goriintiileme biriminde hesaplanmaistir.

Akis Sensorii

Akis \ » Veri Toplama ve
i Goriintiileme

Ventilator Isleme Birimi

Arayiizli

- a | Basing Sensorii *
00 0.0 “
- —’
Lo g O
\ N4 Hava Yolu Basing « Veri toplama
* Anlik izleme

Baglantisi « Sinyal isleme
« Cevrim bazli parametreler

[ 4 ~. + Parametre hesaplama

« Cevrim analizi i
O, Sensori
Fio,
Gli¢ Kaynagi

Gorsel 1. Gelistirilen akis analizorii prototipinin genel sistem mimarisi.
3.2. Veri toplama ve parametre hesaplama

Akis ve basing verileri [>C haberlesmesiyle okunmustur. Akis sensorii ham degeri, Denklem (1)
ile L/dk birimine doniistiiriilmiistiir. Basing sensoriinden alinan ham degerler kalibrasyon
tablosu yardimiyla mbar birimine ¢evrilmistir. Veri toplama dongisiinde érnekleme periyodu
4000 ps olarak belirlenmis, boylece yaklasik 250 6rnek/s diizeyinde zaman ¢oziiniirliigii elde
edilmistir.

O (L/dk) = (Raw — 32768) / 120 1)

Solunum doéngiisii, bekleme, inspirasyon ve ekspirasyon durumlarindan olusan bir yazilim
akisiyla izlenmistir. Inspirasyon pozitif akis esiginin asilmasiyla, ekspirasyon ise negatif akis
esiginin ardigik orneklerde dogrulanmasiyla belirlenmistir. VTI ve VTE, akis sinyalinin zamana
gore sayisal entegrasyonu ile hesaplanmistir. Hacim hesab1 Denklem (2) ile ifade edilmistir.

V(mL) =2 [ Q: (L/dk) x At; (s) x 1000/ 60 ] )

Solunum frekanst ve inspirasyon zamaninin ekspirasyon zamanina orani (I:E), dongi
zamanlaridan elde edilmistir. Bu hesaplamada toplam dongii siiresi Ttot, inspirasyon siiresi Ti
ve ekspirasyon stiresi Te kullanilmistir.

BPM=60/Ttot ve I:E= Ti/Te 3
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PIP, inspirasyon siiresince elde edilen en yiiksek basing 6rneklerinden, PEEP, ekspirasyon sonu
Olclim penceresinden, Pmean ise dongii boyunca basing-zaman ortalamasindan elde edilmistir.
Pmean hesab1 Denklem (4) ile gdsterilmistir.

Pmean = X [ Paw,; X At; ] / Ttot 4

FiO: 6l¢iimiinde ortam havasindaki %20,9 oksijen diizeyi referans alinmis, oksijen sensoriinden
elde edilen gerilim bu referans degere oranlanmastir.

FiO: (%) = (VO / Vhava ) x 20,9 (5)
4. BULGULAR

4.1. Hacim ol¢iim sonuclari

180-770 mL araligindaki hacimlerde alman VTI ve VTE olclimleri referans analizor
degerleriyle yiiksek uyum gostermistir. VTI i¢in determinasyon katsayist (R?)=0,9995,
ortalama mutlak hata (MAE)=4,23 mL ve ortalama mutlak yiizdesel hata (MAPE)=%0,83, VTE
icin R?=0,9996, MAE=3,46 mL ve MAPE=%0,76 elde edilmistir. Her iki parametrede de
regresyon egimi 1’e yakin bulunmus, maksimum mutlak hata VTI i¢in 8 mL, VTE ig¢in 7 mL
diizeyinde kalmistir.

Metrik VTI VTE
n 13 13
R? 0,9995 0,9996
MAE (mL) 4,23 3,46
Ortalama hata (mL) 3,00 1,92
Maks. mutlak hata (mL) 8 7
MAPE (%) 0,83 0,76
Regresyon y =1,0039x + 1,19 y =0,9988x + 2,46

Cizelge 1. Hacim 6l¢imlerine ait 6zet istatistik gizelgesi.

121



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 — MUS
ISBN NR : 978-625-8795-09-7

4.2. Basing ol¢ciim sonuclari

Basing dogrulama testlerinde PIP ve PEEP parametreleri 10 6l¢lim noktasi lizerinden, Pmean
parametresi ise ii¢ Ol¢iim noktasi lizerinden degerlendirilmistir. PIP 6l¢iimlerinde R?=0,9999,
MAE=0,0880 mbar ve MAPE=%0,4534 olarak hesaplanmistir. PEEP 6l¢iimlerinde R>=0,9998,
MAE=0,0600 mbar ve MAPE=%1,0915 bulunmustur. Pmean i¢in R?>=0,9955, MAE=0,2033
mbar ve MAPE=%1,5866 elde edilmistir.

Olgiim Noktasi Ref. PIP (mbar) Olgtlen PIP (mbar) | Ref. PEEP (mbar) | Olgiilen PEEP (mbar)
1 16,8 16,7 2,0 19
2 174 17,3 31 31
3 17,8 17,7 4,1 4,1
4 18,2 18,1 51 5,0
5 19,2 19,3 74 75
6 20,2 20,4 10,1 10,0
7 21,6 215 14,4 14,3
8 22,55 22,5 5,01 50
9 45,8 45,8 10,06 10,1
10 52,57 52,6 15,55 15,6

Cizelge 2. PIP ve PEEP veri gizelgesi.

Ol¢iim Noktasi Ref. Pmean (mbar) Olgiilen Pmean (mbar)
1 10,52 10,3
2 14,07 14,4
3 18,56 18,5
Cizelge 3. Pmean veri cizelgesi.
Metrik PIP PEEP Pmean
n 10 10 3
R? 0,9999 0,9998 0,9955
MAE (mbar) 0,0880 0,0600 0,2033
Ortalama hata (mbar) -0,0220 -0,0220 0,0167
Maks. mutlak hata (mbar) 0,20 0,10 0,33
MAPE (%) 0,4534 1,0915 1,5866
Regresyon y =1,0019x - 0,069 y =1,0020x - 0,037 y =1,0153x - 0,203

Cizelge 4. Basing Olclimlerine ait 6zet istatistik gizelgesi.
4.3. FiO: 6l¢iim sonuglari

FiO: 6l¢iim performansi, referans analizoriin oksijen diizeyleri ile prototip tarafindan dlgiilen
degerlerin karsilastirilmasiyla degerlendirilmistir. Bu karsilastirmada FiO: i¢in R*=0,9998,
MAE=0,4667 FiO2 puan1 ve MAPE=%1,0324 olarak hesaplanmistir. Maksimum mutlak fark
1,0000 FiO: puani, maksimum bagil hata ise %]1,98 diizeyinde bulunmustur. Bu sonuglar,
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koymaktadir.
Olgiim Noktas1 | Referans FiO: (%) Olgiilen FiO: (%) Hata (FiO: puam) Bagil Hata (%)
1 21,8 22,0 +0,2 0,92
2 50,5 51,5 +1,0 1,98
3 100,2 100,0 -0,2 0,20
Cizelge 5. FiO: veri ¢izelgesi.
Metrik FiO:
n 3
R? 0,9998
MAE (FiO: puani) 0,4667
Ortalama hata (FiO: puani) +0,3333
Maks. mutlak fark (FiO: puani) 1,0000
Maks. bagil hata (%) 1,98
MAPE (%) 1,0324
Regresyon y =0,9928x + 0,748
Cizelge 6. FiO2 dlglimlerine ait 6zet istatistik ¢izelgesi.
Parametre n R? MAE Maks. mutlak |1 \pE (96)
hata
VTI 13 0,9995 4,23 mL 8 mL 0,83
VTE 13 0,9996 3,46 mL 7 mL 0,76
PIP 10 0,9999 0,0880 mbar 0,20 mbar 0,4534
PEEP 10 0,9998 0,0600 mbar 0,10 mbar 1,0915
Pmean 3 0,9955 0,2033 mbar 0,33 mbar 1,5866
FiO, 3 0,0998 0,4667 FiO: 1,0000 FiO2 1,0324
puant puani
Cizelge 7. Hacim, basing ve FiO: dogrulama sonuglarinin ézeti.
5. TARTISMA

Elde edilen sonuglar, gelistirilen prototipin hacim, temel basing parametreleri ve FiO:
Ol¢iimiinde referans degerlerle yiiksek uyum i¢inde ¢alisabildigini gostermektedir. VTIve VTE
icin %1’in altinda kalan MAPE degerleri, akis sinyalinin entegrasyonuna dayali hacim
hesabinin deneysel kosullarda basarili oldugunu ortaya koymaktadir. Regresyon egimlerinin
1’e yakin olmasi belirgin bir 6l¢cekleme hatasinin bulunmadigini diisiindiirmektedir.
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Basing veri seti, PIP ve PEEP o6l¢lmlerinin referans analizorle yiksek diizeyde uyumlu
oldugunu gostermektedir. PIP i¢in R*=0,9999 ve PEEP i¢in R>=0,9998 olarak hesaplanmasi,
her iki parametrede de gii¢lii dogrusal iliski bulundugunu ortaya koymaktadir. Pmean
degerindeki sapmanin PIP ve PEEP’e gore daha yiiksek olmasi, bu parametrenin tiim solunum
dongiisii boyunca basing-zaman ortalamasina bagli olarak hesaplanmasiyla iliskilidir. Bununla
birlikte yapilacak yazilim iyilestirmeleriyle 6zellikle dongli sinir1 belirleme, filtreleme ve
basing entegrasyonu adimlarinda Pmean sapmasinin daha da azaltilabilecegi
degerlendirilmektedir.

FiO: ol¢limlerinde ii¢ farkli referans oksijen diizeyi ilizerinden yiiksek dogrusal uyum elde
edilmistir. En yiiksek mutlak fark 1,0000 FiO: puani ile %50,5 referans noktasinda goriilmiis,
bu noktanin bagil hatas1 %1,98 olarak hesaplanmistir. MAPE’nin %1,0324 diizeyinde kalmasi,
oksijen Ol¢iim kanalinin 6n dogrulama kosullarinda referans cihazla uyumlu calistigini
gostermektedir. Bununla birlikte O. sensoriiniin elektrokimyasal yapist ve tepki siresi
nedeniyle FiO: kanal1, dongii bazli hizli oksijen degisimlerinin izlenmesinden ¢ok genel oksijen
konsantrasyonunun degerlendirilmesi i¢in uygundur.

Calismanin sinirliliklari, sistemin farkli ventilasyon modlari, degisken akis profilleri ve uzun
siireli kullanim kosullarinda heniiz detayli olarak test edilmemis olmasidir. Bu nedenle
prototipin performansinin daha net degerlendirilebilmesi i¢in ayni kosullarda tekrarli 6lgtimler
yapilmasi gerekmektedir. Boylece elde edilen sonuclarin birbirine yakinligi goriilerek sistemin
Olctim kararlilig1 ve tekrarlanabilirligi daha saglikli sekilde degerlendirilebilir.

6. SONUC

Bu calismada mekanik ventilatorlerin temel performans parametrelerinin degerlendirilmesine
yonelik diisiik maliyetli ve tagimabilir bir akis analizorii prototipi gelistirilmistir. Prototip, VTI,
VTE, Ti, Te, I.E, BPM, PIP, PEEP, Pmean ve FiO: parametrelerini goriintiileyebilecek sekilde
tasarlanmigtir. On dogrulama sonuglarida VTI i¢in R>=0,9995 ve MAPE=%0,83; VTE i¢in
R2=0,9996 ve MAPE=%0,76 elde edilmistir. Genisletilmis basing veri setinde PIP ig¢in
R?=0,9999 ve PEEP i¢in R?=0,9998 bulunmus, maksimum mutlak hata sirastyla 0,20 mbar ve
0,10 mbar diizeyinde kalmistir. Pmean i¢in R?>=0,9955 ve MAPE=%1,5866 hesaplanmis olup
bu parametredeki sapmanin yazilim iyilestirmeleriyle azaltilabilecegi degerlendirilmistir. FiO:
dogrulamasinda ise li¢ Ol¢iim noktasi lizerinden R?=0,9998, MAE=0,4667 FiO: puani,
maksimum mutlak fark 1,0000 FiO: puan1 ve MAPE=%1,0324 elde edilmistir.

Sonuglar, gelistirilen sistemin 6n deneysel kosullarda hacim, basing ve FiO: dlgiimlerinde
referans degerlerle yliksek uyum gosterdigini ortaya koymaktadir. Gelecek ¢alismalarda Pmean
ve FiO: parametreleri i¢in daha genis orneklemli testler, farkli oksijen konsantrasyonlarinda
dogrulama, 6rnekleme hiz1 analizi ve uzun siireli kararlilik degerlendirmeleri ile sistemin teknik
kullanim alanlarindaki uygulanabilirligi daha kapsamli bicimde incelenmelidir.
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OZET

Bu ¢alismada, Ankara ilinin iklim kosullarinda yer alan iki katl1 bir miistakil konutta kullanilan,
160.000 kcal/h kapasiteli siv1 yakitl 1sitma cihazina ait ¢ift cidarli baca sistemlerinin enerji
verimliligi ve emisyon performansi analiz edilmistir. Yalitimsiz durum ile birlikte 30 mm, 35
mm, 40 mm, 45 mm ve 50 mm olmak iizere alt1 farkli tas yiinii yalittim kalinlig
degerlendirilmistir. Ayrica paslanmaz ¢elik, kaynak yapilmis ¢elik, ve oluklu ¢elik olmak iizere
uc farkli baca malzemesi kullanilarak dairesel kesitli baca tasarimlar1 olusturulmustur. Farkli
yalitim kalinligi ve malzeme kombinasyonlarindan meydana gelen alternatif senaryolar
KesaAladin simiilasyon programi yardimiyla analiz edilmistir. Simiilasyon sonuglari, yalitim
kalinliginin artirilmasinin baca gazi sicaklik kayiplarini azalttigini ve sistemin ¢ekis stabilitesini
iyilestirdigini ortaya koymustur. Bununla birlikte, baca malzemesinin 1s1l ve yapisal
ozelliklerinin emisyon seviyeleri iizerinde etkili oldugu belirlenmistir. Calisma, Ankara ili
ozelinde konut Olgeginde uygun yalitim kalinligi ve baca malzemesi se¢iminin enerji
verimliligini artirma ve g¢evresel etkileri azaltma acisindan 6nemli bir potansiyel sundugunu
gostermektedir.

Anahtar kelimeler: Konut baca sistemleri, yalitim kalinligs, ¢ift cidarli baca, enerji verimliligi,
emisyon performansi, KesaAladin simiilasyonu

1 GIRIS

Binalarda enerji tiiketimi, kiiresel toplamun enerji kullaniminin ve sera gazi emisyonlarinin
onemli bir bolimiini olusturmaktadir. Ozellikle konut sektorii, 1ssnma amagli enerji tiiketimi
nedeniyle enerji politikalarinin ve siirdiiriilebilirlik stratejilerinin merkezinde yer almaktadir [1,
2]. Soguk ve karasal iklim ozellikleri gosteren Ankara gibi bolgelerde, 1sitma sistemlerinin
verimli c¢alismast hem enerji maliyetlerinin azaltilmast hem de g¢evresel etkilerin
sinirlandirilmasi agisindan 6nemlidir [3]. Bu nedenle, yalnizca 1s1 iiretim cihazlariin degil,
yanma {iriinlerinin atmosfere giivenli ve verimli sekilde iletilmesini saglayan baca sistemlerinin
de enerji performansi agisindan degerlendirilmesi gerekmektedir.

Baca sistemlerinde enerji kayiplari, biiyiik 6l¢iide baca gazi sicakliginin dis ortama iletilmesiyle
ortaya ¢ikan bir sorundur. Yetersiz yaliim, baca gazimin hizli sogumasina ve yogunlagsma
riskine neden olarak hem c¢ekis kuvvetini azaltmakta hem de yanma verimini olumsuz
etkilemektedir [4]. Cift cidarli baca sistemleri, i¢ ve dis cidar arasina yerlestirilen yalitim
tabakas1 sayesinde 1s1 kayiplarint minimize ederek baca gazi sicakligimin korunmasina katki
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saglar. Bu durum, dogal ¢ekis mekanizmasinin siirekliligini destekleyerek yanma siirecinin
daha kararli gerceklesmesini saglar [5].

Tag yiinii gibi yiiksek sicakliga dayanikli ve diistik 1s1l iletkenlige sahip yalittm malzemeleri,
baca uygulamalarinda yaygin olarak tercih edilmektedir. Yalitim kalinligimin artirilmasi, 1s1
transfer katsayisini digiirerek enerji kayiplarini azaltmaktadir. Ancak optimum kalinligin
belirlenmesi, maliyet—performans dengesi agisindan 6nemlidir [6-8]. Literatiirde, baca gazi
sicakliginin korunmasinin yalnizca enerji verimliligini artirmakla kalmadigi, CO ve NOx gibi
yanma kaynakli emisyonlarin olusumunu da dolayh olarak etkileyebildigi rapor edilmistir [9-
13].

Baca malzemesi secimi de sistem performansini dogrudan etkileyen bir diger parametredir.
Paslanmaz c¢elik, yiiksek sicaklik dayanimi ve korozyon direnci nedeniyle uzun &miirlii
¢oziimler sunmaktadir. Kaynakli veya oluklu ¢elik sistemler maliyet ve mekanik dayanim
acisindan farkli avantajlar saglar [9]. Malzemenin 1s1l iletkenligi, ylizey piirtizliligii ve yapisal
ozellikleri, baca gazi akis rejimini, siirtiinme kayiplarini ve dolayisiyla cekis karakteristigini
etkileyebilmektedir. Bu yiizden malzeme ve yalittim kalinliginin birlikte degerlendirilmesi,
biitiinciil bir enerji analizi agisindan gereklidir.

Son yillarda enerji sistemlerinin performans analizinde simiilasyon tabanli yoOntemler
yayginlagsmistir. Hesaplamali akiskanlar dinamigi ve enerji modelleme yazilimlar1 sayesinde
farkli tasarim senaryolari deneysel kurulum gerektirmeden karsilastirmali olarak analiz
edilebilir [14]. Bu metodlarla, 06zellikle farkli yalittm kalinliklarinin ve malzeme
alternatiflerinin baca gazi sicakligi, 1s1 kaybi, ¢ekis stabilitesi ve emisyon parametreleri
uzerindeki etkilerini ortaya koymada 6nemli avantajlar1 bulunmaktadir.

Bu calismada, Ankara ili iklim kosullarinda yer alan iki katl bir miistakil konutta kullanilan
stv1 yakith 1sitma sistemine ait ¢ift cidarh baca tasarimlari; farkli tas yilinii yalitim kalinliklar
(yalitimsiz, 30-50 mm aralig1) ve farkli baca malzemeleri (paslanmaz ¢elik, kaynakli gelik,
oluklu ¢elik ve ¢elik katman) acisindan simiilasyon tabanli olarak incelenmistir. Calismanin
amaci, konut 6l¢eginde enerji verimliligini artiracak ve emisyon performansini iyilestirecek
optimum baca tasarim parametrelerinin belirlenmesine bilimsel katki saglamaktir.

2. ANALIiZ SONUCLARI VE DEGERLENDIiRMELER

Bu béliimde, Ankara ili iklim kosullar1 altinda iki katli miistakil bir konut i¢in modellenen ¢ift
cidarli baca sistemlerine ait simiilasyon sonuglari, farkli malzeme tiirleri, kesit geometrileri ve
yalitim kalinliklar1 dikkate alinarak ¢ok yonlii bicimde analiz edilmistir. Calisma kapsaminda
paslanmaz ¢elik, kaynak yapilmis celik, oluklu c¢elik ile galvanizli ve aliiminyum kaplamali
baca sistemleri; dairesel ve oval kesit alternatifleriyle birlikte degerlendirilmis, ayrica yalitimsiz
durum ile 30-50 mm arahigindaki yalitim kalinliklarinin sistem performansina etkileri
karsilastirmali olarak incelenmistir. Analizlerde; akim hizi, atik gaz yogunlugu, akim sesi,
durgun ve azami negatif basing degerleri ile birlikte baca i¢i ve dis1 sicaklik dagilimlar: temel
performans gostergeleri olarak ele alinmistir. Elde edilen veriler yalnizca mutlak degerler
lizerinden degil, ayn1 zamanda yiizdesel degisimler ve egilimler dogrultusunda da
yorumlanarak, her bir parametrenin baca ¢ekisi, enerji verimlili§i ve sistem kararliligi
tizerindeki etkisi biitlinciil bir yaklagimla degerlendirilmistir. Bu kapsamda, farkli senaryolar
arasindaki performans farklar1 ortaya konulmus, o6zellikle yalittm kalinligr ile kesit
geometrisinin birlikte etkiledigi akis ve 1s1 transfer mekanizmalari detayli olarak irdelenmistir.
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Sekil 1. Baca Agiz Kesitinin Yalitim Kalinligina ve Malzeme Tiirline Bagl Degisimi

Sekil incelendiginde, tim malzeme tiirleri i¢in yalittm kalimhiginin artmasiyla baca agiz
kesitinde kademeli bir azalma gozlenmektedir. Bu durum, artan yalitim kalinligina bagl olarak
baca i¢ sicakliginin yiikselmesi ve gaz yogunlugunun azalmasiyla iliskili olup, akigin daha
kompakt bir kesitte gerceklesmesine olanak saglamaktadir. Oluklu ¢elik bacalarda kesit
degerlerinin diger malzemelere goére daha yiiksek olmasi, ylizey piriizliligiiniin akis
karakteristigini etkiledigini gostermektedir.

H Yalitimsiz m30mm

=t H—F

S o —
£ —HH 1 m35mm m 40 mm

1 —

R 1

Rie= | 1

[N -

e || IS
’ E = ! H45mm H 50 mm

=

Paslanmaz gelik
Oluklu Celik

Kaynak yapilmis gelik

Sekil 2. Akim Hizinin Yaliim Kalinlig1 ve Malzemeye Gore Degisimi

Yalitim kalinligindaki artigin tiim malzeme tiirlerinde akim hizini artirdigi goriilmektedir. Bu
durum, baca igindeki sicaklik artisina bagli olarak yogunlugun azalmasi ve dolayisiyla
akiskanin daha yiiksek hizlara ulagmasi ile agiklanabilir. Paslanmaz ve kaynakli c¢elik bacalar
benzer davranis sergilerken, oluklu ¢elikte daha diisiik hiz degerleri elde edilmistir.
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Sekil 3. Atik Gaz Yogunlugunun Yalitim Kalinligima Bagl Degisimi

Tiim senaryolarda yalitim kalinliginin artmasiyla atik gaz yogunlugunun azaldigi belirlenmistir.
Bu durum, baca gaz1 sicakliginin artmasiyla dogrudan iliskilidir. Yogunlugun azalmasi, baca
cekis performansini olumlu yonde etkileyerek sistem verimliligini artirmaktadir.
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Sekil 4. Akim Ses Seviyesinin Yalitim Kalinli§1 ve Malzemeye Gore Degisimi

Akim hizindaki artisa paralel olarak ses seviyesinde de artis gozlemlenmistir. Yalitim
kalinliginin artirilmasiyla birlikte olusan hiz artisi, tiirbiilans seviyesini yiikselterek akustik
emisyonlar1 artirmaktadir. Oluklu c¢elik bacalarda daha diisiik ses seviyeleri elde edilmesi,
ylizey geometrisinin akustik davranig iizerindeki etkisini ortaya koymaktadir.

129



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

122
120
H% mYaltimsiz ®30mm
T3 =
g112 h..
o108 ——
£ 106 W
g 193 ——HH
K 18% -=.. E35mm m40mm
=
3 9% E—
B 94 = ANy
3 % ]
88 .y y !
8¢ — 1
%481 e , E ’ m45mm m50mm
U—ANRN
Paslanmaz gelik
Oluklu Gelik
BACA KESITI Kaynak yapilmis gelik

Sekil 5. Durgun Basincin Yalitim Kalinligina Bagli Degisimi

Yalitim kalinliginin artmasiyla durgun basing degerlerinde artis egilimi goriilmektedir. Bu
durum, baca icindeki sicaklik farklarinin artmasi ve buna bagl olarak g¢ekis kuvvetinin
ylikselmesi ile iligkilidir. Malzemeler arasinda énemli bir fark bulunmamakla birlikte oluklu
celikte nispeten daha diisiik degerler elde edilmistir.
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Sekil 6. Azami Negatif Basincin Yalitim Kalinli§ina Bagli Degisimi

Azami negatif basing degerleri, yalitm kalinligimin artisiyla birlikte yiikselmistir. Bu sonug,
baca ¢ekis performansinin iyilestigini ve sistemin daha stabil calistigini gdstermektedir.
Paslanmaz ve kaynakli ¢elik bacalarin benzer performans sergiledigi, oluklu ¢eligin ise daha
diisiik degerlerde kaldig1 goriilmektedir.
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Sekil 7. Atik Gaz Sicakliginin Yalitim Kalinligina Gére Degisimi

Yalitim kalinliginin artirilmasiyla atik gaz sicakliginin yiikseldigi belirlenmistir. Bu durum, 1s1
kayiplarinin azalmasi ve enerjinin baca i¢inde korunmast ile agiklanabilir. Elde edilen sonuglar,
yalitimin enerji verimliligi tizerindeki olumlu etkisini agik¢a ortaya koymaktadir.
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Sekil 8. I¢ Cidar Sicakligimin Yalitim Kalinligina Bagli Degisimi
I¢ cidar sicakliklari, yalittm kalinlig1 arttikga belirgin sekilde yiikselmistir. Bu durum, 1s1

transferinin dis ortama olan kaybinin azalmasiyla iligkilidir. Tiim malzemelerde benzer egilim
gozlenmis olup, yalitimin i¢ yiizey sicakligi lizerindeki belirleyici rolii vurgulanmaktadir.
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Sekil 9. Malzeme Sicakliginin Yalitim Kalinligina Gére Degisimi

Yalitim kalinliginin artmasiyla baca dis ylizey (malzeme) sicakliginin azaldig1 goriilmektedir.
Bu durum, 1s1 kayiplarinin yalitim tarafindan tutuldugunu ve dis yiizeye daha az 1s1 iletildigini
gostermektedir. Ozellikle yiiksek yalitim kalinliklarinda bu etkinin daha belirgin oldugu tespit
edilmisgtir.

Sekillerde yer alan verilerin yiizdesel karsilastirmasi ile, yalitim kalinliginin artirilmasinin
enerji verimliligi izerindeki belirleyici etkisini agik bicimde ortaya koymaktadir. Yalitimsiz
durum referans alindiginda, 50 mm yalitim kalinligina geg¢isle birlikte tiim malzemelerde akim
hizinda yaklasik %30-31 oraninda artis (6rnegin paslanmaz ¢elikte 3,25 m/s’den 4,24 m/s’ye
~%30,5) gerceklesirken, atik gaz yogunlugunda %16—17 seviyesinde azalma (1,017 kg/m*’ten
0,845 kg/m*’e =%16,9) meydana gelmistir. Bu durum, baca ¢ekisinin iyilestigini ve sistemin
daha etkin ¢alistigin1 gostermektedir. Ayni kosullarda durgun basing ve azami negatif basing
degerlerinde sirasiyla yaklasik %39-40 (85,5 Pa’dan 119,2 Pa’ya) ve %38 oraninda artis
gozlenmis olup, bu artislar ¢ekis stabilitesinin 6nemli Gl¢iide iyilestigine isaret etmektedir.
Termal agidan degerlendirildiginde, atik gaz sicakliginda yaklasik %12 (149°C’den 167°C’ye)
ve i¢ cidar sicakliginda %25’e varan artis (121°C’den 152°C’ye) ger¢eklesirken, malzeme (dis
ylizey) sicakliginda %21 civarinda azalma (71°C’den 56°C’ye) elde edilmistir. Bu sonuglar, 1s1
kayiplarinin  belirgin sekilde azaldigim1 ve enerjinin sistem igerisinde tutuldugunu
gostermektedir. Buna karsilik akim sesi yaklasik %36 oraninda artarak (14,8 dBA’dan 20,2
dBA’ya) akustik agidan sinirli bir olumsuzluk olusturmaktadir. Malzeme bazli karsilastirmada
ise oluklu ¢elik bacalarin, ayn1 yalitim kalinliklarinda yaklasik %7-8 daha diisiik akim hiz1 ve
%34 daha diisiik basing degerleri iiretmesi nedeniyle nispeten daha diisiik ¢ekis performansi
sergiledigi belirlenmistir. Bu baglamda, enerji verimliligi agisindan en uygun senaryo 50 mm
yalittim kalinligina sahip paslanmaz veya kaynakli ¢elik baca sistemi olarak one ¢ikarken, en
olumsuz senaryo yalitimsiz ve 6zellikle oluklu ¢elik baca sistemi olup; bu durumda diisiik akim
hiz1, yiiksek gaz yogunlugu ve yaklasik %35-40 daha diisiik ¢ekis basinci degerleri nedeniyle
sistem performansinin belirgin sekilde zayifladig: tespit edilmistir.

3. SONUC

Bu c¢aligma kapsaminda, Ankara ili iklim kosullarinda iki katli bir miistakil konutta kullanilan
cift cidarli baca sistemleri; malzeme tiirli (paslanmaz celik, kaynak yapilmis ¢elik ve oluklu
celik) ve yalitim kalinligi (yalitimsiz, 30 mm, 35 mm, 40 mm, 45 mm ve 50 mm tas ylinii)
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parametrelerine bagli olarak simiilasyon temelli degerlendirilmistir. Elde edilen bulgular,
yalittm kalinligimmin artirllmasimnin hem enerji verimliligi hem de baca c¢ekis performansi
iizerinde belirleyici bir etkiye sahip oldugunu agik bicimde ortaya koymaktadir.

Analiz sonuclaria gore, yalitimsiz durumdan 50 mm yalitim kalinligina gegiste akim hizinda
yaklasik %30’a varan artis gdzlenmis, buna karsilik atik gaz yogunlugunda yaklasik %16-17
oraninda azalma meydana gelmistir. Bu degisim, baca gazlarinin daha diisiik yogunlukta ve
daha yiiksek hizda tasinmasini saglayarak cekis mekanizmasini giiglendirmektedir. Ayni
dogrultuda durgun basing ve azami negatif basing degerlerinde yaklasik %3840 seviyesinde
artis elde edilmesi, sistemin ¢ekis stabilitesinin dnemli 6l¢iide iyilestigini gostermektedir.

Isil performans ac¢isindan degerlendirildiginde, yalitim kalinliginin artirilmasiyla atik gaz
sicakliginda yaklasik %12, i¢ cidar sicakliginda ise %25’e varan artig gerceklesmistir. Buna
karsilik baca dis ylizey sicakliginda yaklasik %20 seviyesinde azalma tespit edilmistir. Bu
durum, 1s1 kayiplarinin énemli 6l¢iide azaltildigini ve sistem igerisinde tasinan enerjinin daha
etkin korundugunu gostermektedir. Dolayisiyla, yalitim uygulamasinin yalnizca enerji
verimliligini artirmakla kalmayip ayni zamanda sistem gilivenligi ve malzeme dayanimi
acisindan da olumlu katki sagladigi degerlendirilmektedir.

Akustik performans agisindan ise akim hizindaki artisa bagli olarak ses seviyesinde yaklagik
%35 civarinda bir yiikselme gozlenmistir. Ancak bu artisin mutlak degerler agisindan diisiik
seviyelerde kaldigr ve konut uygulamalari i¢in kabul edilebilir sinirlar igerisinde oldugu
soylenebilir.

Malzeme tiirlerinin karsilagtirilmasi sonucunda, paslanmaz ¢elik ve kaynak yapilmis ¢elik baca
sistemlerinin neredeyse benzer performans sergiledigi; buna karsin oluklu celik bacalarin daha
diisik akim hizi (%7-8 daha diisiik) ve daha diisiikk basing degerleri (%3-5 daha diisiik)
nedeniyle nispeten daha zayif ¢ekis performansi sundugu belirlenmistir. Bu farklilik, oluklu
ylizey yapisinin akis direncini artirmasina baglanmaktadir.

Sonug olarak, enerji verimliligi ve sistem performansi agisindan en uygun ¢dziimiin 50 mm
yalitim kalinli§ina sahip paslanmaz c¢elik veya kaynak yapilmis celik baca sistemleri oldugu
belirlenmistir. Buna karsilik yalitimsiz ve 6zellikle oluklu celik baca sistemleri, diisiik ¢ekis
performansi, yiiksek 1s1 kayb1 ve daha diisiik termal verimlilik nedeniyle en olumsuz senaryo
olarak degerlendirilmistir. Bu bulgular, konut tipi baca tasarimlarinda uygun malzeme se¢imi
ve optimum yalitim kalinhiginin belirlenmesinin enerji tasarrufu ve cevresel etkilerin
azaltilmas1 agisindan kritik 6neme sahip oldugunu gostermektedir.
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OZET

Bu calismada, Gaziantep ilinin iklim kosullarinda faaliyet gdsteren bir makarna fabrikasinda
kullanilan, 160.000 kcal/h kapasiteli sivi yakitli 1sitma cihazina ait baca sistemlerinin enerji
etkinlikleri analiz edilmistir. Arastirma kapsaminda, ¢ift katmanli 40 mm tas yiini yalitimh
baca sistemi ile tek katmanli yalitimsiz baca sistemi olmak iizere iki farkli yalitim yapisi ele
alimmistir. Ayrica galvanizli atese dayanikli aliiminyum kaplamali kenetlenmis ¢elik baca ve
galvanizli ¢elik baca olmak tizere iki farkli baca malzemesi kullanilarak oval ve dairesel kesitli
baca tasarimlari olusturulmustur. Farkli yalitm ve malzeme kombinasyonlarindan meydana
gelen alternatif senaryolarin performans degerlendirmesi KesaAladin simiilasyon programi
araciligryla gerceklestirilmistir. Elde edilen sonuglar, yalitimli baca sistemlerinin baca gazi
sicakliklarinin korunmasinda ve 1s1 kayiplarinin azaltilmasinda 6énemli bir avantaj sagladigini
gostermektedir. Bununla birlikte, kenetlenmis aliiminyum kaplamali ¢elik bacalarin cekis
stabilitesi ve emisyon kontrolii agisindan daha dengeli bir performans sergiledigi belirlenmistir.
Calisma, Gaziantep ili 6zelinde gida sanayisinde enerji verimliligini destekleyen baca tasarim
stratejelerine yonelik uygulanabilir bir 6rnek sunmaktadir.

Anahtar kelimeler: Endiistriyel baca sistemleri, tas ylinii yalitim, galvanizli ¢elik baca, enerji
verimliligi, emisyon azaltimi, KesaAladin simiilasyonu

1 GIRIS

Sanayi sektoriinde enerji tiikketimi ve buna bagli sera gazi emisyonlari, kiiresel Olgekte
strdiiriilebilirlik hedeflerinin en kritik bilesenlerinden biri olarak degerlendirilmektedir.
Ozellikle proses 1sisina dayal: iiretim gerceklestiren gida sanayi tesislerinde, kazan ve baca
sistemleri toplam enerji tiikketiminin ve yanma kaynakli emisyonlarin 6nemli bir boliimiini
olusturmaktadir [1, 2]. Yanma sistemlerinde olusan baca gazlarinin sicaklik, hiz ve kimyasal
bilesimi; hem enerji verimliligi hem de c¢evresel performans acgisindan belirleyici
parametrelerdir [3]. Bu nedenle baca tasarimi, yalnizca bir duman tahliye eleman1 degil, ayni
zamanda enerji—emisyon optimizasyonunun énemli bir bileseni olarak ele alinmalidir.
Endiistriyel baca sistemlerinde 1s1 kayiplari; baca malzemesinin 1s1l iletkenligi, kesit geometrisi,
yluzey oOzellikleri ve yalitim durumu gibi parametrelere bagli olarak degismektedir [4].
Yalitimsiz sistemlerde baca gazi sicakligmin hizla diismesi, ¢ekis giicliniin azalmasina ve
yogusma riskinin artmasina neden olabilmektedir. Bu durum, hem yanma verimini hem de
sistem Omriinii olumsuz etkilemektedir [5]. Buna karsilik tas yilini gibi yiiksek sicakliga
dayanikl ve diisiik 1s1l iletkenlige sahip malzemelerle yapilan ¢ift katmanli baca tasarimlarimin
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11 kayiplarini azaltarak baca gazi sicakligini korudugu ve ¢ekis stabilitesini artirdig: literatiirde
belirtilmektedir [6, 7].

Baca malzemesi se¢imi de enerji performansinda belirleyici bir faktordir. Galvanizli gelik
bacalar yaygin kullanim alanina sahip olmakla birlikte, aliiminyum kaplamali ve kenetlenmis
sistemler yiiksek sicaklik dayanimi ve korozyon direnci agisindan avantaj saglayabilmektedir
[8]. Ayrica baca kesit geometrisi (oval veya dairesel) akis rejimini, siirtiinme kayiplarin1 ve
basing dagilimint etkileyerek sistem performansini dogrudan degistirmektedir [9]. Bu
kapsamda, malzeme—yalitim—geometri tigliisiiniin birlikte degerlendirilmesi gerekmektedir.
Gunimuzde enerji sistemlerinin analizinde simiilasyon tabanli yontemler yaygin olarak
kullanilmaktadir. Hesaplamali akiskanlar dinamigi ve bina/enerji modelleme yazilimlari, farkl
tasarim senaryolarinin karsilastirmali olarak degerlendirilmesine olanak tanimaktadir [10].
Simulasyon araglar1 sayesinde baca gazi sicakligi, 1s1 kaybi, ¢ekis kuvveti ve emisyon
parametreleri deneysel maliyetlere katlanilmadan analiz edilebilmektedir. Bu yaklagim,
ozellikle bolgesel iklim kosullarinin (6rnegin Gaziantep ili gibi sicak—kurak yaz ve soguk kis
karakterine sahip bolgeler) sistem performansina etkisinin ortaya konulmasinda 6nemli avantaj
saglamaktadir.

Bu ¢alisma kapsaminda, Gaziantep ilinde faaliyet gosteren 160.000 kcal/h kapasiteli siv1 yakitl
bir 1sitma cihazina ait baca sistemleri; malzeme (galvanizli ¢elik ve galvanizli aliminyum
kaplamali kenetlenmis ¢elik), yalitim (tek katmanli yalitimsiz ve 40 mm tas yiinii yalittml ¢ift
katmanli) ve kesit geometrisi (oval ve dairesel) parametreleri acisindan simiilasyon tabanli
olarak degerlendirilmistir. Caligmanin amaci, endiistriyel baca sistemlerinde enerji kayiplarini
azaltan ve emisyon kontroliinii iyilestiren tasarim stratejilerini literatiir g¢ercevesinde
karsilastirmali olarak ortaya koymaktir.

2. ANALIZ SONUCLARI VE DEGERLENDIiRMELER

Bu bolumde, Gaziantep ili iklim kosullarinda faaliyet gésteren bir makarna fabrikasina ait
160.000 kcal/h kapasiteli s1v1 yakitli 1sitma sistemine entegre baca tasarimlarinin performans
analiz sonuglar detayli olarak sunulmakta ve degerlendirilmektedir. Caligma kapsaminda, ¢ift
katmanli 40 mm tas ylinii yalittmli baca sistemi ile yalitimsiz tek katmanli baca sistemi;
galvanizli atese dayanikli alliminyum kaplamali kenetlenmis ¢elik ve galvanizli ¢elik malzeme
secenekleriyle birlikte, oval ve dairesel kesit geometrileri dikkate alinarak karsilastirmali
bicimde incelenmistir. Simiilasyonlar araciligtyla elde edilen akim hizi, atik gaz yogunlugu,
akim sesi, riizgar etkisi altindaki akis davranisi, durgun basing ve azami negatif basing gibi
temel performans parametreleri hem mutlak degerler hem de yiizdesel degisimler iizerinden
analiz edilmistir. Bu yaklasim sayesinde, yalittimin 1s1 kayiplarmi azaltmadaki etkinligi,
malzeme ve kesit geometrisinin ise akis karakteristigi ve cekis stabilitesi lizerindeki rolii
biitlinciil bir bakis agisiyla ortaya konulmustur. Ayrica, farkli senaryolar arasindaki performans
farkliliklar1 enerji verimliligi, sistem giivenligi ve emisyon kontrolii agisindan tartisilarak,
endiistriyel baca tasariminda optimum c¢oziimiin belirlenmesine yonelik kapsamli bir
degerlendirme sunulmustur.
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Sekil 1. Baca Agiz Kesitinin Geometri ve Yalitim Durumuna Gore Degisimi

Sekil incelendiginde, tiim baca tiplerinde 40 mm yalitim uygulanmasiyla agiz kesitinde
yaklasik %8—11 oraninda azalma meydana geldigi goriilmektedir. Bu durum, yalitimin baca igi
sicakligy artirarak gaz yogunlugunu diislirmesi ve daha kompakt bir akis kesiti olugturmasi ile
aciklanabilir. Oval kesitli bacalarda baglangic kesit alanlarinin daha yiiksek olmasi, geometrinin
akis alani lizerindeki belirleyici roliinii ortaya koymaktadir.
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Sekil 2. Akim Hizinin Yalitim ve Baca Geometrisine Bagli Degisimi

Dairesel ve galvanizli ¢elik bacalarda yalitim ile birlikte akim hizinda %20-30 oraninda artis
gozlenirken, oval kesitli alliminyum kaplamali bacada tersine yaklasik %23’liikk bir azalma
meydana gelmistir. Bu durum, kesit geometrisinin ve yiizey ozelliklerinin akis dinamigini
dogrudan etkiledigini gostermektedir. Genel egilim, yalitimin ¢ekisi artirdig1 yoniindedir.
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Sekil 3. Atik Gaz Yogunlugunun Yalittm Durumuna Gore Degisimi

Yalitim uygulanan sistemlerde genellikle atik gaz yogunlugunda %13—15 oraninda azalma
gbzlenmistir. Bu durum, baca i¢i sicakligin artmaszyla iliskilidir. Ancak oval kesitli aliminyum
kaplamal1 bacada yogunlugun artmasi (%16 civarinda) dikkat ¢ekici olup, bu durumun akis
hizindaki diisiis ve 1s1 transfer karakteristigi ile iligkili oldugu degerlendirilmektedir.
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Sekil 4. Akim Ses Seviyesinin Yalitim ve Geometriye Gore Degisimi

Tim sistemlerde yalitim uygulanmasiyla akim sesi seviyesinde %25-35 arasinda azalma
gozlenmistir. Bu durum, yalitimin tiirbiilans etkilerini sontimlemesi ve akisin daha diizenli hale

gelmesi ile agiklanabilir. Ozellikle oval kesitli sistemlerde ses azalimimin daha belirgin oldugu
tespit edilmisgtir.

140



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

Oval-
Galvanizli

celik baca ® 40 mm Yaltimh

Baca

Oval -
Galvanizli
atese...

BACA KESITi

Dairesel-
Galvanizli
celik baca

i ]
Dairesel - Yalitimsiz Baca

Galvanizli
atese...

-15 C Riizgar Hizi (m/s

Sekil 5. Farkli Ortam Sicakliklarinda -15°C Riizgar Hizinin Yalittim Durumuna Gore
Degisimi

Hem -15°C hem de +15°C kosullarinda yalitim uygulamasi ile riizgar hizinda yaklasik %8-12
oraninda artis gdzlenmistir. Bu artis, baca i¢i sicaklik farklarinin artmasina bagli olarak dogal
cekigin giiclenmesi ile iliskilidir. Sonuglar, yalitimin farkli iklim kosullarinda sistem
performansini olumlu yonde etkiledigini gostermektedir.
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Sekil 5. Farkli Ortam Sicakliklarinda +15°C Riizgar Hizinin Yalitim Durumuna Gore
Degisimi
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Sekil 7. Durgun Basincin Yalitim ve Baca Tipine Gore Degisimi
Dairesel kesitli bacalarda yalitim ile birlikte durgun basingta yaklasik %3540 artis

gozlenirken, oval kesitli bacalarda %30 civarinda azalma meydana gelmistir. Bu farklilik, kesit
geometrisinin ve akis direncinin basin¢ dagilimi {izerindeki etkisini agikca ortaya koymaktadir.
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Sekil 8. Azami Negatif Basincin Yalitim Durumuna Gore Degisimi

Tiim sistemlerde yalitim uygulanmasiyla azami negatif basin¢ degerlerinde %25-30 oraninda
azalma gozlenmistir. Bu durum, sistemin daha dengeli bir ¢ekis rejimine ulagtigini ve asirt
negatif basing olusumunun 6nlendigini gostermektedir. Bu sonug, 6zellikle sistem giivenligi ve
yanma stabilitesi agisindan dnemli bir avantaj olarak degerlendirilmektedir.

Tablolarda verilen verilerin sayisal ve ylizdesel karsilagtirmasi, baca geometrisi ve yalitim
uygulamasinin sistem performansi {izerindeki etkilerini agik bicimde ortaya koymaktadir. 40
mm yalittim uygulanmasiyla tiim sistemlerde baca agiz kesitinde yaklagik %8-11 oraninda
azalma (O6rnegin 292,6 mm’den 265,9 mm’ye ~%9,1) gerceklesirken, dairesel galvanizli ¢elik
bacada akim hizinda %25,8 (3,13 m/s’den 3,94 m/s’ye) ve oval galvanizli ¢elik bacada %28,7
(2,99 m/s’den 3,85 m/s’ye) artis gézlenmistir. Buna karsilik oval aliiminyum kaplamali bacada
akim hizinin %23,1 oraninda azalarak (3,63 m/s’den 2,79 m/s’ye) ters egilim sergilemesi, kesit
geometrisi ve ylizey Ozelliklerinin akig karakteristigi tizerindeki kritik roliinii gostermektedir.
Atik gaz yogunlugu genel olarak yalitimli sistemlerde %13—14 oraninda azalirken, s6z konusu
oval aliminyum kaplamali bacada %16,6 artis goriilmesi dikkat cekicidir. Akustik acidan
degerlendirildiginde, tiim sistemlerde akim sesi %25-32 araliginda azalmis (6rnegin 18,8
dBA’dan 14,1 dBA’ya =%?25), bu durum yalittmin akis diizensizliklerini soniimledigini
gostermektedir. Riizgar hizlart hem -15°C hem de +15°C kosullarinda yaklasik %8-10 oraninda
artarak dogal c¢ekisin giiclendigini ortaya koymustur. Durgun basing degerleri dairesel
bacalarda %37-42 oraninda artis gosterirken (76,2 Pa’dan 105,1 Pa’ya =%37,9), oval kesitli
bacalarda yaklagik %30 azalma egilimi sergilemistir. Azami negatif basing ise tiim sistemlerde
%26-30 oraninda diiserek daha dengeli bir ¢ekis rejimi olustugunu gdstermektedir. Bu
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kapsamda en enerji verimli ve dengeli performansin, akim hizindaki %25’in {izerindeki artis,
yogunluktaki azalma ve basing kazanimlariyla birlikte dairesel galvanizli ¢elik baca + 40 mm
yalitim senaryosunda elde edildigi; buna karsilik en olumsuz senaryonun, akim hizinda %23
azalma, yogunlukta artis ve basing kaybi ile karakterize edilen oval aliiminyum kaplamali baca
+ 40 mm yalitim durumu oldugu belirlenmistir.

3. SONUC

Bu calisma kapsaminda elde edilen bulgular, baca sistemlerinde yalnizca yalitim kalinliginin
degil, ayn1 zamanda kesit geometrisi ve malzeme 6zelliklerinin de enerji verimliligi ve akis
performansi iizerinde belirleyici oldugunu agik bicimde ortaya koymaktadir. ilk veri setinde
yalitim kalinliginin kademeli olarak artirilmastyla akim hizinda yaklasik %30’a varan artis, atik
gaz yogunlugunda %16—17 oraninda azalma ve durgun/negatif basing degerlerinde %40’a
yaklasan iyilesmeler elde edilmesi, yalitimin klasik baca teorisiyle uyumlu bigimde cekis
mekanizmasini giiclendirdigini dogrulamaktadir. Buna karsilik ikinci veri setinde, 40 mm
yalittim uygulamasinin dairesel kesitli bacalarda benzer sekilde olumlu etkiler yarattigi (akim
hizinda 9%25-29 artis, yogunlukta %13—-14 azalma ve durgun basingta %35-40 artis)
gorilurken, oval kesitli ve Ozellikle aliminyum kaplamali sistemlerde akim hizinin %23
oraninda azalmasi ve yogunlugun %16’nin {izerinde artmasi, yalitimin tek basina performans
artis1 saglamadigini, geometrik ve ylizeysel akis direnglerinin belirleyici oldugunu
gostermektedir. Bu durum, oval kesitli yapilarda siir tabaka gelisiminin ve akis
diizensizliklerinin daha belirgin hale gelerek ¢ekis verimini sinirladigini diisiindiirmektedir. Ote
yandan, tiim sistemlerde akim sesi seviyesinin %25-35 oraninda azalmasi, yalitimin akustik
acidan da 6nemli bir iyilestirme sagladigini ortaya koyarken, azami negatif basingtaki %26—30
oranindaki diisiis, sistemin daha dengeli ve giivenli bir c¢alisma rejimine ulastigini
gostermektedir. Bu baglamda, enerji verimliligi ve akis stabilitesi birlikte degerlendirildiginde,
en uygun ¢ozumin dairesel kesitli ve 40-50 mm araliginda yalitima sahip ¢elik baca sistemleri
oldugu; buna karsilik oval kesitli ve ozellikle yilizey direnci yiiksek sistemlerde yalitim
uygulamasinin beklenen performans artisini saglamayabilecegi sonucuna varilmistir. Elde
edilen sonugclar, konut tipi baca tasarimlarinda optimum performans i¢in yalitim kalinliginin
tek basina yeterli bir parametre olmadigini, kesit geometrisi ve malzeme sec¢imi ile birlikte
biitiinciil bir tasarim yaklasiminin benimsenmesi gerektigini giiclii bigimde ortaya koymaktadir.
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ABSTRACT

Today, the use of natural rocks and minerals in the improvement of soils with poor geotechnical
properties is becoming increasingly common. The economic, environmentally friendly, readily
available, and sustainable nature of these materials significantly outweigh the use of synthetic
or chemical substances. In this study, the effect of ground obsidian (volcanic glass) addition on
the mechanical behavior of low-plasticity clays was experimentally investigated. Red clay soil
samples prepared with three different obsidian additives (3%, 5%, and 7% dry weight) were
stored in a desiccator and cured for 7, 14, and 28 days. Following these curing processes,
strength values were measured using a uniaxial unconfined compression strength tester. The
finely ground obsidian additive increased strength by acting as a filler in the low-plasticity red
clay matrix, reducing voids. Experimental data showed that the greatest strength increase was
observed after 28 days of curing, with a 65% increase observed in the 3% obsidian mixture
added to the low-plasticity clay soil. Therefore, it was concluded that finely ground obsidian
added to the low-plasticity red clay soil could be used as an economical and environmentally
friendly ground improvement material, particularly in soils with shallow foundation depths.

Keywords: Red clay, obsidian, strength, soil improvement

1. INTRODUCTION

In geotechnical engineering, improving/strengthening soils with poor geotechnical properties
is crucial for the safety and economic design of engineering structures. Clay soils, particularly
those commonly found in nature, are silicate minerals with a flaky and fibrous structure and
particle sizes smaller than 2 microns. These clayey soils are susceptible to various problems
(deformation, strength loss, and environmental impacts) in terms of compressibility, strength,
and volumetric change [1]. Therefore, these problems, which directly affect the safety of
infrastructure projects, necessitate the improvement or stabilization of such soils in engineering
applications.

Soil improvement methods are generally implemented through physical, chemical, or mineral
additives. Traditionally, additives such as lime, cement, fly ash, and blast furnace slag have
been used [2, 3]. However, with the increasing importance of global environmental impact,
sustainability, cost, and resource management in the last 20 years, emphasis has been placed on
alternative additives of natural or waste origin [4, 5, 6, 7, 8, 9]. In this context, silica-rich natural
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rocks and minerals such as glass, volcanic tuff, pumice, quartzite, and obsidian come to the
fore.

Obsidian, used as an additive in this study, is a glassy rock formed by the rapid cooling of
magma as a result of volcanic activity. Chemically, it contains a large amount of SiO- and has
a hard, brittle, and amorphous structure [10]. These physical properties of obsidian make it a
potential microfilling or strength-enhancing material.

The use of fine-grained additives in clay soils directly affects the microstructure and
macroscopic behavior of the clay. Fine particles added at optimal rates can fill the voids in the
clay soil matrix and create a tight structure, while excessive additions can lead to de-
homogenization and strength losses. Therefore, obsidian additives are expected to exhibit a
similar behavior [11, 12].

In this study, the effect of obsidian addition on the mechanical properties of low-plasticity clay
soils was experimentally investigated. The effects of different amounts of obsidian addition on
the compressive strength of the soils were evaluated. Furthermore, the potential for using
obsidian, a naturally occurring and locally accessible material, as a stabilizer in low-plasticity
clays was evaluated. The presence of abundant obsidian deposits, particularly in the Eastern
and Central Anatolia regions of Turkiye [13], further enhances the potential for this material to
be used in local soil improvement projects.

2. MATERIALS AND METHODS
2.1 Materials
2.1.1. Red clayey soil (RCS)

RCS samples were obtained from 5 km northeast of Oltu district, Erzurum Province,
northeastern Turkiye. RCS samples were dried in a laboratory environment and then ground at
6000 rpm in a Los Angeles machine before being used as the base material. The RCS sample
and its granulometric curve are presented in Visual 1, and its geotechnical properties are shown
in Table 1.
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Visual 1. Red clay soil - granulometry curve
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Table 1. Geotechnical of features RCS [6]

Properties Values
Specific weight (g/cmd) 2.62
Sand (%) 14.0
Silt (%) 52.0
Clay (%) 34.0
W (%) 43.5
We (%) 22.0
PI (%) 215
! Wopt (%) 22.0
! ykmax (KN/m?) 15.9
2 Soil Class CL

! Compaction testing was performed.
2USCS systems were applied.

2.1.2. Obsidian (OBS)

Obsidian samples, a volcanic glass used in this study, were collected from the 20 th km of the
Sarikamig-Mescitli highway in Kars province, Eastern Anatolia. The hard, brittle, and
amorphous obsidian samples were crushed in a laboratory environment and ground in a ring
mill before being used as an additive (Visual 2). Elemental analyses of the obsidian samples
revealed O 47.42%, Si 38.97%, Al 6.71%, K 4.05%, Na 1.80%, and other 1.05%. The main
oxide contents of these obsidians were %75.95 SiO2, %13.10 Al,O3, %4.75 Na.O, % 1.45
Fe203, % 4.0 K20, % 0.45 CaO [11].
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Visual 2. Obsidian - granulometry curve

2.2 Methods

For this study, the mixing ratios of RCS and OBS samples brought to the laboratory
environment were determined as 100% RCS (MIX), 97% RCS + 3% OBS (MIX1), 95% RCS
+ 5% OBS (MIX2) and 93% RCS + 7% OBS (MIX3). Each mixture was compacted under
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standard Proctor energy at the optimum water content determined by compaction tests [14]. The
prepared samples were cylindrical specimens with a diameter of 38 mm and a height of 76 mm.
The strength values of samples MIX, MIX1, M1X2 and MI1X3 were determined by a unconfined
compression device (constant loading rate of 0.8 mm/min) after 7, 14 and 28 days of curing
[15].

Visual 3. Uniaxial pressure device (a) and mixture samples (b)

3. EXPERIMENTAL RESULTS
3.1. Unconfined compressive strength (UCS)

Experimental results showed that the maximum compressive strength of all mixtures (MIX,
MIX1, MIX2, and MIX3) was achieved after 28 days of curing, with a 65% increase in the
MIX1 (97% RCS + 3% OBS) mixture. Compared to the base material (MIX), the strength
values of the mixtures were determined to increase by 44% in the MIX2 (95% RCS + 5% OBS)
mixture and by 30% in the MIX3 (93% RCS + 7% OBS) mixture.

These findings demonstrate that the addition of OBS significantly contributes to durability
performance. The addition of obsidian increases intergranular friction by penetrating between
clay grains. This effect is dominant at low concentrations, while at higher concentrations, it
reduces efficiency due to distribution heterogeneity [11] (Figure 4).

Experimental results showed that the additive ratio and curing time were effective in improving
the RCS samples. Compressive strength values reached their highest value at 3%, while
decreases in strength were observed at 5% and 7% additive ratios. This suggests that excessive
obsidian addition (more than 3%) reduces the binding effect in low-plasticity clayey soils,
leading to a heterogeneous distribution and consequently reducing strength.

Cracks were detected in the samples, resulting from tensile stresses due to increased loading.
In uniaxial compression tests, the cracks were generally vertical and widened in parallel with
the decrease in load-carrying capacity. The increase in strength observed in the MIX1 mixture
was also observed as fine cracks in the fracture images. In the base material, clayey soil (MIX),
and in the MIX2 and MIX3 mixtures, these cracks were observed as vertical and widening
cracks (Visual 5).
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Visual 4. Graphical representation of UCS values

Visual 5. Fracture patterns of the mixture samples

4. CONCLUSION

Ground obsidian grains used as an additive in a low-plasticity clay soil matrix increased the
strength performance of the mixtures. Experimental findings showed that at low additive
concentrations (3%), obsidian grains filled the voids in the clay matrix, contributing to a more
compact structure. At medium (5%) and high (7%) additive concentrations, structural
irregularities were observed due to grain accumulation and heterogeneous distribution, resulting
in decreases in strength. This demonstrates that the optimal additive ratio is a critical parameter.

The results indicated that low additive doses (MIX1=3% OBS) increased the strength of
obsidian by 65%. The strength values of the other mixtures were increased by 44% in the M1X2
(5% OBS) mixture and 30% in the MIX3 (7% OBS) mixture. Due to its high silica content and
hard grain structure, obsidian may be a potential additive for improving/strengthening low-
plasticity clay soils. Careful attention should be paid to additive dosage and homogeneous
mixing. Furthermore, its potential as a cost-effective and sustainable alternative in areas where
obsidian is locally available should be considered.
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ABSTRACT

Moment end-plate connections play a crucial role in the structural integrity of low-rise metal
buildings, particularly in the continuous frame construction. One of these moment connection
family is unstiffened flush-type moment connection. This type connection has been extensively
used in beam-to-column and beam-to-beam joints, and designed using principles established by
the provisions of American Institute of Steel Construction (AISC). This paper examines the
design methodology for the stiffened and unstiffened flush extended end-plate connection
which is based on the yield-line theory, bolt force predictions, and moment-rotation
relationships. Furthermore, an example is also included for the determination of using different
design parameters on the basic governing design criteria. Concludingly, the simulation results
show to be accurately captured the non-linear relationship between material strength and
geometric configuration described as in the steel design guide of AISC. It proves that the

stiffener location significantly alters the efficiency of the bolt group.

Keywords : Stiffened Steel Moment Connection, , Flush, End plate, AISC

1. INTRODUCTION

A Flush Type Moment Connection is a structural steel connection typically used in moment-
resisting frames. It is characterized by an end-plate that does not appreciably extend beyond the
beam flanges, with all bolts located strictly between the beam flanges.

These connections are commonly used in frames subject to light lateral loads or near the

inflection points of gable frames. The design of Moment end-plate connections (MEPCs) has
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been evolved since 1990. The first edition of MEPC design as “Design Guide 4” was edited by
Murray TM in 1990 [1] . Then, its second revised version as “Design Guide 16” was released
by Murray TM and Shoemaker LW in 2002 [2]. It is noted that it has been improved in a way
of additional considerations [3-5].

Over time, the design methodology has been heavily improved by integrating several advanced
analytical considerations. i) adjusting the end-Plate Thickness which is determined using Yield-
Line Theory, which provides a strength criterion based on the plate's yield-line mechanisms, ii)
taking into account of bolt forces and prying action which is calculated using a modified
Kennedy method. This ensures that the extra "prying™ forces applied to the bolts as the end-
plate deforms are safely accounted for, iii) using connection stiffness which is evaluated
through moment-rotation relationships to accurately classify the connection's rigidity, iv)
updating installation and loading conditions which have been validated the use of cost-saving
"snug-tight" bolts for static loads (replacing fully tensioned bolts) and introduced new

evaluations for performance under cyclic and seismic loading

Particularly, the inclined MEPCs are a perfect connection tools for Knee and Portal Frames (see
Figure 2)

Planed connectlons
at Inflectlon polnts In
frame

Applcable ta single
story portal frames

(a) (h)

Fisure 2 Knee (a) and Partal (h) Frames
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In general, the end plate connections are classified as the extended and flush types. The flush

type ones are presented in Figure 3.

(2} (h) () (A}

Figure 3 Pure (a), Four-Bolt Unstiffened (b,) Four-Bolt Stiffened with Web Gusset Plate Between the

Tension Bolts (c) and Four-Bolt Stiffened with Web Gusset Plate Between the Tension Bolts
(d) Flush Moment Connections

Although it is possible to connect a MEPC to the major axis of column, this also carried out
using the minor axis of I-type column (see Figure 4)

(a)

(h) (c)

Figure 4 Column Web (a), Column Flange (b) and Cruciform End-plate moment-Connections

2. THE GOVERNING BASICS OF THE DESIGN OF FLUX-TYPE END PLATE
MOMENT CONNECTIONS

In the design of Moment End-Plate Connections (MEPCs), the plate thickness is the most

critical parameter controlling the design limit states. The guide categorizes the design into two
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main procedures summarized in a flowchart (see figure 5): i) Procedure 1 (Thick Plate): Uses a
thicker plate and smaller diameter bolts. Prying action is neglected since the plate behaves as a
thick plate without yielding, ii) Procedure 2 (Thin Plate): Uses a thinner plate and larger
diameter bolts. Prying forces are included in the bolt analysis because the plate is assumed to

yield.

Connection behavior varies significantly depending on the loading condition. While wind
loading relies on elastic-based design concepts (the use of cost-saving "snug-tight” bolts is
validated), seismic loading requires inelastic-based design concepts due to expected
deformations. The magnitude of the seismic loading determines the frame type (such as SMRF

or OMRF), and snug-tight bolts are not recommended for high seismicity applications.

Connection stiffness dictates the nodal constraints, which are classified by Moment-Rotation
relationships: i) Fully Restrained (FR - Type 1): Connections that have sufficient rigidity to
fully resist joint rotation, ii) Simple (Type 2): Connections that are free to rotate and connect
for shear only, iii) Partially Restrained (PR - Type 3): Connections with a predictable moment-

rotation capacity between Type 1 and Type 2.
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M, =15M, for ASD,
M,=Mg,.y  frLRFD

For flush connection: ¥, =125

Calculate T from Tables 3-2 thm 3-3
For extended connection: », =1.00

Calculate minimum ¥ from Tables 4-2 thru 4-6

!

, Thck Plate
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Procedure 1 h 4
Thick plate & smaller diameter bolts Procedure 1 .
Thin plate & larger diameter bolts
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d, is bolt distance for n™ bolt row #FpT
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T; = specified pretension in Table J3.7 of AISC ASD or Table J3.1 of
AISC LEFD (also reproduced in Table 2-1 of this Guide).
Note: For siug-tightened A323 belts, the following values of T,
should be used:
ds = 5/8 ., Tr = 75% of minimum bolt pretension
dy=3/4 in., Ty = 50% of minimum bolt pretension
d, =7/81in.., T, = 37.5% of minimum bolt pretension
dy = 1in., Ty = 25% of minimum bolt pretension

v
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Figure 5 Flow Chart for General Design Procedure for End-Plate Connections
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The design guide covers four specific flush configurations: Two-bolt unstiffened., Four-bolt
unstiffened, Four-bolt stiffened (with a web gusset plate between the tension bolts), Four-bolt
stiffened (with a web gusset plate outside the tension bolts). In this regard, while the tension
strengths (Ft) of bolts are taken as 90 ksi (A325) and 113 ksi (A490), the material yielding stress
of end-plates (Fyp) are assigned as 42 ksi (Gr 42 steel) , 50 ksi (Gr 50 steel) and 55 ksi (Gr 55
steel) (see Refand ). The moment value as a loading condition is assigned at the five stages in
a way of increasing its original value as %50. Thus, the last total moment value 1200 kips.in is
increased two times with respect to its first original value 600 Kips.in. Furthermore, although
the end-plate thickness (tp) is calculated according to the computing steps in the flowchart (see
Figure 5), its adjusted values considering Table 1 located in ASTM 572 is also presented as

tp_last.

Based on Tables 1-4 and the principles of the AISC DG16 guide, the results clearly demonstrate
the non-linear relationship between material strength, geometric configuration, and design

criteria.

o Design Procedures (DP1 vs. DP2): The tables accurately reflect the two primary
design philosophies. DP1 (Thick Plate) assumes the plate does not yield, neglecting
prying action, which results in thicker end-plates but allows for smaller bolt diameters.
DP2 (Thin Plate) assumes plate yielding, which introduces prying forces, thereby

requiring larger bolt diameters but thinner end-plates.

« Bolt Material (A325 vs. A490): The use of higher-strength A490 bolts (113 ksi)
compared to A325 bolts (90 ksi) significantly improves the bolt group's efficiency.
The higher tensile capacity of A490 bolts is particularly effective in absorbing the

extra prying forces generated in DP2, often reducing the required bolt diameter.

« Bolt Configuration & Stiffener Impact: As applied moment increases, transitioning
from a two-bolt to a four-bolt configuration prevents the need for uneconomically
thick plates. Furthermore, the location of the stiffener—whether positioned between

the tension bolt rows (Table 3) or inside the tension bolt rows (Table 4)—
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fundamentally alters the yield-line mechanism of the plate. This change in geometry

directly impacts the prying forces and the overall efficiency of the bolt group.
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Figure 6 Four-Bolt Flush Unstiffened Moment End-Plate

' jl =2 -Q,.)

Figure 7 Two-Bolt Flush Unstiffened Moment End-Plate
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Figure 8 Four-Bolt Flush Stiffened Moment End-Plate Analysis
(Stiffened Between the Tension Bolt Rows)

4T o ] .-
g — & —— 2B-Q.)
R D NE / = 2R -Q,)
I/‘ 1
T
b, | h d, d,
h, “
e e

Figure 9 Four-Bolt Flush Stiffened Moment End-Plate Analysis
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Table 1 Two-Bolt Flush Unstiffened Moment End-Plate Connection

Bolt Standard 1 (A325) Bolt Standard 2 (A490)

DP1 | pP2 | pr1 | pP1 | pbP2 | DP2 | DP1 | DP2 | DP1 | DP1 | DP2 | DP2

tp tp_last db th last tp tp_last db th last
050 044 |6.00 [062 0.72 |050 [0.60 044 |6.00 |0.62 0.60 |0.60
0 4 0 5 5 0 0 4 0 5 0 0
050 040 |4.00 |062 0.72 (050 [050 040 |(4.00 |0.62 0.60 |0.50
0 7 0 5 5 0 0 7 0 5 0 0
040 0.38 |250 [062 0.72 (040 |050 0.38 |2.50 |0.62 0.60 |0.50
0 8 0 5 5 0 0 8 0 5 0 0
0.60 054 |6.00 [0.75 085 |0.60 [0.70 054 |6.00 |0.75 0.72 |0.70
0 4 0 0 0 0 0 4 0 0 5 0
0.50 049 |4.00 |[0.75 0.85 [0.50 |0.60 0.49 |4.00 |0.75 0.72 |0.60
0 9 0 0 0 0 0 9 0 0 5 0
0.50 047 |250 |[0.75 0.85 [0.50 |0.60 0.47 |250 |0.75 0.72 |0.60
0 6 0 0 0 0 0 6 0 0 5 0
0.70 062 |6.00 {087 097 070 [0.70 0.62 |6.00 |0.75 0.85 |0.70
0 8 0 5 5 0 0 8 0 0 0 0
0.60 057 |4.00 |087 097 060 |0.60 057 (400 |0.75 0.85 |0.60
0 6 0 5 5 0 0 6 0 0 0 0
0.60 054 |250 [087 097 060 |0.60 054 |250 |0.75 0.85 |0.60
0 9 0 5 5 0 0 9 0 0 0 0
0.80 0.70 |6.00 [1.00 1.10 (080 |0.80 0.70 |6.00 |0.87 0.97 |o0.80
0 3 0 0 0 0 0 3 0 5 5 0
0.70 0.64 |4.00 [1.00 1.10 [0.70 |0.70 0.64 |4.00 |0.87 0.97 |0.70
0 4 0 0 0 0 0 4 0 5 5 0
0.70 061 |250 [1.00 1.10 [0.70 |0.70 0.61 |2.50 |0.87 0.97 |0.70
0 4 0 0 0 0 0 4 0 5 5 0
090 0.77 |6.00 [1.12 1.10 [0.90 |0.90 0.77 |6.00 |1.00 0.97 |0.90
0 0 0 5 0 0 0 0 0 0 5 0
0.80 0.70 |400 |[1.12 1.10 (080 [0.80 0.70 [4.00 |1.00 0.97 |o0.80
0 5 0 5 0 0 0 5 0 0 5 0
0.80 067 |250 |[1.12 1.10 080 |[0.80 0.67 |2.50 |1.00 0.97 |0.80
0 3 0 5 0 0 0 3 0 0 5 0

DP: Design Procedure

tp: Thickness of Plate

db: Diameter of Bolts
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Table 2 Four-Bolt Flush Unstiffened Moment End-Plate Connection

Bolt Standard 1 (A325) Bolt Standard 2 (A490)

DP1 | pP2 | pr1 | pP1 | pbP2 | DP2 | DP1 | DP2 | DP1 | DP1 | DP2 | DP2

tp tp_last db th last tp tp_last db th last
050 050 |6.00 [0.39 050 (050 [050 050 [6.00 |0.39 0.50 |0.50
0 0 0 2 0 0 0 0 0 2 0 0
040 050 |4.00 |035 050 040 050 050 (400 |0.35 0.50 |o0.50
0 0 0 9 0 0 0 0 0 9 0 0
040 050 |250 [0.34 062 040 050 050 250 |0.34 0.50 |0.50
0 0 0 3 5 0 0 0 0 3 0 0
0.60 062 |6.00 {048 0.62 060 |0.50 050 |6.00 |0.48 0.62 |0.50
0 5 0 0 5 0 0 0 0 0 5 0
0.50 0.62 |4.00 |[044 062 (050 |0.50 0.50 |4.00 |0.44 0.62 |0.50
0 5 0 0 5 0 0 0 0 0 5 0
050 062 |250 [041 062 [050 |050 0.50 |2.50 [0.41 0.62 |0.50
0 5 0 9 5 0 0 0 0 9 5 0
0.60 062 |6.00 [055 075 (060 |0.70 0.62 |6.00 |055 0.62 |0.70
0 5 0 4 0 0 0 5 0 4 5 0
050 062 |4.00 |050 0.75 (050 [0.60 0.62 [4.00 |0.50 0.62 |0.60
0 5 0 8 0 0 0 5 0 8 5 0
050 062 |250 [048 0.75 |050 [0.60 0.62 |2.50 |0.48 0.62 |0.60
0 5 0 4 0 0 0 5 0 4 5 0
0.70 0.75 |6.00 {062 0.75 |0.70 [0.70 0.62 |6.00 |0.62 0.75 |0.70
0 0 0 0 0 0 0 5 0 0 0 0
0.70 0.75 |4.00 |[0.56 0.87 [0.70 |0.60 0.62 |4.00 |0.56 0.75 |0.60
0 0 0 8 5 0 0 5 0 8 0 0
0.60 0.75 |2.50 |[0.54 0.87 [0.60 |0.60 0.62 |250 |0.54 0.75 |0.60
0 0 0 2 5 0 0 5 0 2 0 0
0.80 0.87 |6.00 [0.67 0.87 [0.80 |0.80 0.75 |6.00 |0.67 0.75 |0.80
0 5 0 9 5 0 0 0 0 9 0 0
0.80 087 |4.00 |062 087 080 [0.70 0.75 |4.00 |0.62 0.75 |0.70
0 5 0 2 5 0 0 0 0 2 0 0
0.70 087 |250 |059 087 (070 {0.70 0.75 |2.50 |0.59 0.75 |0.70
0 5 0 3 5 0 0 0 0 3 0 0

DP: Design Procedure

tp: Thickness of Plate

db: Diameter of Bolts
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Table 3 Four-Bolt Flush Stiffened Moment End-Plate Connection (Stiffener Between Bolt Rows)

Bolt Standard 1 (A325) Bolt Standard 2 (A490)

DP1 | pP2 | pr1 | pP1 | pbP2 | DP2 | DP1 | DP2 | DP1 | DP1 | DP2 | DP2

tp tp_last db th last tp tp_last db th last
050 062 |6.00 {043 0.75 |0.72 |0.60 0.62 |6.00 |043 0.62 |0.60
0 5 0 6 0 5 0 5 0 6 5 0
050 062 |4.00 |040 0.75 |0.72 |050 062 |(4.00 |0.40 0.62 |0.60
0 5 0 0 0 5 0 5 0 0 5 0
040 062 |250 [038 0.75 |0.72 |050 0.62 |2.50 |0.38 0.62 |0.60
0 5 0 1 0 5 0 5 0 1 5 0
0.60 0.75 |6.00 [0.53 087 |085 |0.70 0.75 |6.00 |053 0.75 |0.72
0 0 0 4 5 0 0 0 0 4 0 5
0.50 0.75 |4.00 |0.48 0.87 |0.85 |0.60 0.75 |4.00 |0.48 0.75 |0.72
0 0 0 9 5 0 0 0 0 9 0 5
0.50 0.75 |2.50 |046 0.87 |0.85 |0.60 0.75 |250 |[0.46 0.75 |0.72
0 0 0 7 5 0 0 0 0 7 0 5
0.70 087 |6.00 {061 100 |097 |0.70 0.75 |6.00 |0.61 0.87 |0.85
0 5 0 7 0 5 0 0 0 7 5 0
0.60 087 |4.00 [0.56 100 |097 |060 0.75 |4.00 |0.56 0.87 |0.85
0 5 0 5 0 5 0 0 0 5 5 0
0.60 087 |250 [053 100 097 |060 0.75 |2.50 |053 0.87 |0.85
0 5 0 9 0 5 0 0 0 9 5 0
0.80 100 |6.00 [0.68 100 |097 |0.80 087 |6.00 |0.68 0.87 |0.85
0 0 0 9 0 5 0 5 0 9 5 0
0.70 1.00 |4.00 |0.63 1.12 |1.10 |0.70 0.87 |4.00 |0.63 1.00 |0.97
0 0 0 2 5 0 0 5 0 2 0 5
0.70 1.00 |250 |[0.60 1.12 |[1.10 |0.70 0.87 |250 |[0.60 1.00 |0.97
0 0 0 2 5 0 0 5 0 2 0 5
0.80 1.00 |6.00 [0.75 1.12 |1.10 |0.90 1.00 |6.00 |{0.75 1.00 |0.97
0 0 0 5 5 0 0 0 0 5 0 5
0.70 100 |4.00 [069 1.12 |1.10 |0.80 100 (400 |0.69 1.00 |0.97
0 0 0 2 5 0 0 0 0 2 0 5
0.70 100 |2.50 |[066 1.12 |1.10 |0.80 1.00 |2.50 |0.66 1.00 |0.97
0 0 0 0 5 0 0 0 0 0 0 5

DP: Design Procedure

tp: Thickness of Plate

db: Diameter of Bolts
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Table 4 Four-Bolt Flush Stiffened Moment End-Plate Connection (Stiffener Inside Bolt Rows)

Bolt Standard 1 (A325) Bolt Standard 2 (A490)

DP1 | pP2 | pr1 | pP1 | pbP2 | DP2 | DP1 | DP2 | DP1 | DP1 | DP2 | DP2

tp tp_last db th last tp tp_last db th last
0.60 062 |6.00 [053 075 |0.72 [0.70 0.62 |6.00 |0.53 0.62 |0.60
0 5 0 2 0 5 0 5 0 2 5 0
0.60 062 |4.00 [048 0.75 |0.72 |0.60 0.62 |4.00 |0.48 0.62 |0.60
0 5 0 8 0 5 0 5 0 8 5 0
050 062 |250 |046 0.75 |0.72 |0.60 0.62 |2.50 |046 0.62 |0.60
0 5 0 5 0 5 0 5 0 5 5 0
0.70 0.75 |6.00 [065 087 |085 |0.80 0.75 |6.00 |0.65 0.75 |0.72
0 0 0 2 5 0 0 0 0 2 0 5
0.70 0.75 |4.00 |0.59 0.87 [0.85 |0.80 0.75 |4.00 [0.59 0.75 |0.72
0 0 0 8 5 0 0 0 0 8 0 5
0.60 0.75 |2.50 |0.57 0.87 |[0.85 |0.70 0.75 |250 |[0.57 0.75 |0.72
0 0 0 0 5 0 0 0 0 0 0 5
090 087 |6.00 [0.75 087 |085 |08 075 |6.00 |0.75 0.87 |0.85
0 5 0 3 5 0 0 0 0 3 5 0
0.80 087 |4.00 [0.69 100 |097 |080 075 |4.00 |0.69 0.87 |0.85
0 5 0 0 0 5 0 0 0 0 5 0
0.70 087 |250 [065 100 097 |0.70 0.75 |2.50 |0.65 0.87 |0.85
0 5 0 8 0 5 0 0 0 8 5 0
1.00 100 | 600 |0.84 100 |0.97 |100 0.87 |6.00 [0.84 0.87 |0.85
0 0 0 2 0 5 0 5 0 2 5 0
090 1.00 |4.00 |[0.77 1.00 [0.97 |0.90 0.87 |4.00 |0.77 0.87 |0.85
0 0 0 1 0 5 0 5 0 1 5 0
090 1.00 |250 |[0.73 1.00 [0.97 |0.80 0.87 |250 |[0.73 0.87 |0.85
0 0 0 6 0 5 0 5 0 6 5 0
1.00 1.00 |6.00 |[092 1.12 |1.10 |1.10 1.00 |6.00 [0.92 1.00 |0.97
0 0 0 2 5 0 0 0 0 2 0 5
090 100 |400 (084 1.12 |1.10 [100 100 (400 |0.84 1.00 |0.97
0 0 0 5 5 0 0 0 0 5 0 5
090 100 |250 (080 1.12 |1.10 [1.00 1.00 |2.50 |0.80 1.00 |0.97
0 0 0 6 5 0 0 0 0 6 0 5

DP: Design Procedure tp: Thickness of Plate db: Diameter of Bolts

4. CONCLUSION

This study investigates the design of moment end-plate connections under the AISC DG16
guidelines, demonstrating the non-linear relationship among various design parameters. The

analysis shows that the DP1 approach, which assumes a thick plate to prevent yielding and
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prying action, allows for the use of smaller bolt diameters, whereas the DP2 approach, which
assumes a thin plate to minimize thickness, requires larger bolts to balance the resulting extra
prying forces. To efficiently absorb these extra tensile forces and optimize the overall
connection—especially within the DP2 procedure—specifying higher-strength bolts such as
A490 over A325 is highly recommended. Furthermore, under increasing moment loads, placing
stiffeners either between or outside the tension bolt rows fundamentally alters the yield-line
mechanism of the plate, thereby directly and significantly affecting the overall efficiency of the

bolt group.
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OZET

Bu ¢aligmada, Tiirkiye Bina Deprem Y dnetmeligi’ne (TBDY-2018) gore farkli deprem tehlike
diizeyi (PGA475) ve zemin smiflarinda insa edilecek prefabrik betonarme sanayi yapilarinin
kolon ve temel boyutlarindaki degisimler incelenmistir. Bu kapsamda, diisiik ve yuksek deprem
tehlikesine sahip Konya (PGA475=0,125) ve Bursa (PGA475=0,395) illerinde, ZC, ZD ve ZE
smift kum zeminler lizerinde bir, iki ve ii¢ katl1 toplam 18 model olusturulmustur. Tek kath
yapilar genis agiklikli sistem olarak 48 kolon-temel, iki ve ii¢ katli yapilar ise 72 kolon-temel
diizeninde modellenmistir. Karsilastirmalarda Konya ZC zemindeki modeller referans alinmis,
zemin sinifinin ZD ve ZE’ye gecisi ile deprem etkisindeki artisin, Fs ve F1 katsayilari tizerinden
kolon ve temel boyutlarina etkisi degerlendirilmistir. ZC zemin siifinda, Konya’da kolon
boyutlar1 75x75-105x105 cm, temel boyutlar1 ise 270—400 cm araliginda belirlenmis; tasarim
stirecinde eksantrisite, devrilme ve oturma agisindan gerekli kontroller yapilmistir. Bursa’da ise
daha yuksek deprem etkisiyle kolonlar 90x90-130x130 cm, temeller 380-500 cm araliginda
olup belirleyici kriterler eksantrisite ve oturma olmustur. ZD zeminde Konya’da 95x95—
130%130 cm kolon ve 290-520 cm temel boyutlar1 elde edilirken, Bursa’da 105x105-155x155
cm kolon ve 450-570 cm temel boyutlar1 belirlenmis; tasarim, oturma ve tasima giicii ile
kontrol edilmistir. ZE zeminde Konya’da 125x%125-155%x155 cm kolon ve 615-920 cm,
Bursa’da 130x130-185x185 cm kolon ve 720-910 cm temel boyutlar1 hesaplanmis; oturma ve
tagima giicli kritik olmustur. Genel olarak zemin sinifi kotiilestikge boyutlar artmus, kriterler
eksantrisiteden oturma ve tasima giiciine kaymistir. Sonuglar, deprem etkisinin en belirgin
olarak kolonlarda ortaya ¢iktigini, ancak en biiylik boyut artiginin temellerde gerceklestigini
gostermistir. Yiiksek periyotlu prefabrik sanayi yapilarinda zemin sinifinin ZC’den ZE’ye
kotiilesmesiyle deprem etkisi yaklasik iki kat artmakta; kolon boyutlar1 %50, temel boyutlar
ise %100-140 oraninda biiyiiyerek tasarimin kritik belirleyicisi olmaktadir.

Anahtar Kelimeler : TBDY-2018, Prefabrik Betonarme Sanayi Yapilari, Zemin Simniflari,
Deprem Tehlike Diizeyi (PGA), Oturma Analizi, Kolon ve Temel Tasarimi
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GES TASIYICI SISTEMLERI VE YAPISAL ANALIZI
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OZET

GES tasiyict sistemlerini incelerken ilk adim olarak zemin durumununun incelenmesi
gereklidir. Zemin durumlarini incelerken dikkat etmemiz gereken seylerden birincisi zeminin
saglamligidir. Saglam zeminden gevsek zemine dogru ankraj yontemlerimiz degismektedir.
Ankraj yonteminin yan1 sira saglam ve gevsek zeminler i¢in ilave dnlemler almamiz gerekir.
Bu oOnlemlerin sebebi yagislar ve rlizgar durumlaridir. Yagislar saglam zeminlerde sorun
yaratmaz iken, gevsek zeminlerde biiylik problemlere yol agabilir. Gevsek zeminlerde ilave
olarak jet groud yontemi ve fore kazik yontemi 6ne ¢ikmaktadir. Zemin analizine gore bu
yontemlerin  kullanilip kullanilmayacagina karar verilebilir. Sonraki asamada zemin
durumlarma bagli olarak uygun temel se¢iminin yapilmasi gerekir. Bu temel se¢imleri de
betonarme ve ¢elik olarak degisiklik gostermektedir. Betonarme yontemler siirekli temel, tekil
temel ve radye temel olarak ayrilir. Bu yontemler zemin durumu parametreleri ve statik analize
gore secilebilir. Celik yontemler ise zemine ¢akma ve zemine vidalama olarak ikiye ayrilir.
Betonarme ve c¢elik birlesiminin oldugu sistemler de bulunmaktadir. Ankraj yontemleri ve
temel se¢iminden sonra tasiyici sistemlerin devami ele alinir. Tasiyici sistemlerin devaminda
kullanilacak olan ¢elik profillerin se¢imi i¢in panellerin yonleri de etki etmektedir. Panellerin
yonleri dikey ve yatay olarak degisebilir. Ahsap kiremitli ¢atilarda da imalat yapilmaktadir.
Tasiyict sistemlere ilave olarak gelik guse takviyesi uygulanmis ve gelik guse takviyeli ve
takviyesiz olarak sistemler analiz edilmis ve farklar karsilagtirllmistir. Celik guse takviyeli ve
takviyesiz olarak belirli ylikler altinda davranislari izlenmistir. Tasiyict sistemlerde uygunsuz
imalat nedeniyle karsilagilan sorunlar; dolgu zemine insa, deprem OGtelemesinden kaynakli
hasar, drenaj yapilmamas: ve kar yiikleri gibidir. Uygunsuz yapilan imalatlar ve alinmayan
onlemler bu gibi sorunlara yol agmaktadir.

Anahtar Kelimeler : ankraj, jet groud, fore kazik, ¢celik guse
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OZET

Bu calismada, kuaterniyonlarin cebirsel yapisi ile say1 dizilerinin temel 6zelliklerinden
yararlanilarak Pandita kuaterniyonlar1 tanimlanmistir. Kuaterniyonlarin toplama ve ¢arpma
islemleri esas alinarak, Pandita kuaterniyonlar1 {iizerinde benzer cebirsel islemler
yapilandirilmistir. Ayrica, bir dizinin n. teriminin belirlenmesinde énemli bir rol oynayan genel
terim kavramindan hareketle, Pandita kuaterniyonlar1 i¢in genel terim formdilii elde edilmistir.
Calismada yalnizca tanimsal bir ¢erceve sunulmakla kalinmamis, ayn1 zamanda bu yapilarin
analitik olarak incelenmesine olanak saglayan bir iirete¢ fonksiyonu da tiiretilmistir. Elde edilen
irete¢ fonksiyonu aracilifiyla pandita kuaterniyonlarina ait kismi toplam formiili elde
edilmistir. Urete¢ fonksiyonu, bu kuaterniyonlarm belirli bir diizen icerisinde davrandigim
gostermekte ve yapinin sistematik olarak incelenmesine katki saglamaktadir. Bu baglamda elde
edilen sonuglar, Pandita kuaterniyonlarinin matematiksel agidan tutarli ve incelenebilir bir yap1
sundugunu ortaya koymaktadir. Sonug olarak, bu ¢alisma kuaterniyon dizileri literatiiriine katki
saglamakta ve genellestirilmis say1 sistemleri lizerine yapilacak ileri ¢calismalar i¢in bir teorik
altyap1 sunmaktadir.

Anahtar Kelimeler : Pandita Dizisi, Pandita Kuaterniyonlari, Kuaterniyonlar
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1. GIRIS

Say1 dizileri, matematigin temel konularindan biridir ve 6zellikle rekiirsif yapilar sayesinde
bir¢ok problemin ¢oziimiinde kullanilmaktadir. En bilinen 6rnekler arasinda yer alan Fibonacci
ve Lucas say1 dizileri, hem teorik hem de uygulamali ¢calismalarda 6nemli bir yer tutmaktadir.

Bu dizilerin genellestirilmesi, yeni say1 dizilerinin ortaya ¢ikmasina katki saglamaktadir.

Pandita say1 dizisi n >3 igin P, = P,_; + P,_3 + 1 rekiirans bagintis1 ile tanimlanir.

Baslangi¢ kosular1 Py = 0, P; = 1 ve P, = 2 olan bir say1 dizisidir [2].

Matematiksel yapilar, doga olaylarini, fiziksel sistemleri ve miihendislik uygulamalarini
modellemede temel rol oynamaktadir. Bu yapilardan biri olan kuaterniyonlar, 6zellikle ii¢
boyutlu uzaydaki rotasyonlart ve yonelimleri temsil etmek amaciyla gelistirilen en giicli
cebirsel sistemlerden biridir. Kuaterniyonlar, 1843 yilinda William Rowan Hamilton
tarafindan kesfedilmistir,[1]. Dénme hareketlerini tarif etmenin alternatif bir yolu olan
kuaterniyonlar, sadece matematikte degil; fizikte, mihendislikte ve bilimin pek ¢cok uygulama
alaninda 6nemli rol oynamaktadir. Ugaklarin hareketindeki gimbal lock sorununun ¢6ziimiinde,
robotikteki ileri ve geri kinematik problemlerinde, bilgisayar oyunlarinda hareketlerin yumusak

gecislerle yapilabilmesi gibi pek ¢ok farkli alanda kullanimi1 s6z konusudur.

Bir kuaterniyon, genellikle q = q; + q2i + q3j + g4k seklinde tanimlanir ve burada
d1,92,93,94 reel sayilar, i, ], k ise sanal birimlerdir. Bu sanal birimler klasik vektor cebirinin
temelini olusturmakta ve kendi aralarinda belirli ¢carpim kurallarima gore islemektedir.Bu
carpim kurallarindan 6tiirli kuaterniyon cebiri degismeli (commutative) degildir, yani ij # ji.

Ayrica i? = j? = k? = ijk = —1.

P =p1 + Dol +p3j +pik ve q = qq + g0 + q3j + g4k iki kuaterniyon olmak (izere bu iki

kuaterniyonun toplami;,
P+q=p1+q)+ 2+ q2)i+ 3+ q3)j + (ps + qudk
seklinde tanimlanir [1].
P =Dy + D2l + p3j + pak Ve q = q; + q21 + q3) + q4k iKi reel kuaterniyon olmak lzere

Pq = (0191 — P292 — P393 — P4q4)
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+(P1q2 + P2G1 + P3qs — P4q3)i

+(P1q3 — P2q4 + P3q1 + Daq2)k

+(P194 + 295 — D392 + Daq1)]

carpimi bu sekilde tanimlanir [1].

Pandita say1 dizisi n = 3 i¢in

Pn=Pn—1+Pn—3+1

P, =0, P, =1veP, = 2olan ve terimleri 0,1,2,3,5,8,12,18,27, ... seklindedir.

P, dordiincii mertebeden lineer rekiirans bagintisini saglar ve asagidaki gibidir.

B, =2P,_ 1 — Py 3+ P 3— Py, [2].

2.PANDITA KUATERNiYONLARI

Baslangi¢c kosullart CMy =0+ i+ 2j+ 3k, CM; =14+ 2i+3j+5k ve CM, =2+3i+

5j + 8k olmak iizere Pandita kuaterniyonlar1

CMy, = pn + Dnsal + Dns2j + Pnask

seklinde tanimlanir.

Pandita kuaterniyonlarinin rekiirans bagintisi n > 3 igin

CMy =CMy_y+CMy_s+ (1+i+j+k)

seklindedir.

CM,, dordinct mertebeden lineer rekiirans bagintisini saglar:

CM, = 2CM,_; — CM,_, + CM,,_3 — CM,,_,

Pandita kuaterniyonlarinin ilk 5 terimi;
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CMy=0+i+2j+3k

CM; =1+ 2i+3j +5k

CM, =2+ 3i +5j + 8k

CMs = 3+ 5i + 8j + 12k

CM,=5+8i+12j + 18k
seklindedir.
Teorem 2.1 (Ureteg Fonksiyonu)
Pandita kuaterniyonlar1 {CM,,} olmak lizere n = 4 i¢in Urte¢ fonksiyonu ;
G(x)

A= +2j+3k)+ (A +i+j+20)x+ (A +i+2j+3k)x* ]+ (A +i+j+k)x®
- (1-x)(1—x—x3)

seklindedir.

Ispat:

G(x) = Z CM,x™"
n=0

olarak tanimlansin.

I N 1C))
G(x)—nZ;)CMnx “ A0 -—x—29

(1—2x+x2—x3+ x4)z CM,x™ = P(x)

n=0

carpimi dagitalim:
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Z CM,x™—2 Z CM,x"*1 + Z CM,x"*?% — Z CM,x"*3 + Z CM,x"** = P(x)
n=0 n=0 n=0 n=0

n=0

Indis kaydirma yaparak

z CM,x™ — 2 z CM,_,x™+ Z CM,_,x™ — 2 CM,,_;x™ + z CM,_,x™ = P(x)
n=0 n=1 n=2 n=3 n=4

olur.
n = 4 igin:

CM, =2CM,_y — CM,_, + CM,,_5 — CM,,_,
elde edilir.

Sonug 2.2: Ureteg fonksiyonu verilen Pandita kuaterniyonlar: dizisinin, dérdiincii dereceden

lineer rekiirans bagintisini sagladigi gosterilmistir.
Teorem 2.3
P,=0,P,=1veP, =2 n=3icin

P,=P,_1+P, 3+1
seklinde taniml1 pandita say1 dizisi olsun.

Bu diziye bagli CM,, Pandita kuaterniyonu olmak Uzere :

CM,, = pp + Pns1l + Dniaj + Pn+3k

Bu pandita kuaterniyonlariin kismi toplamlari

n
Sn = Z CM,, = pp + Dpsrl + Dpaaj + Pn+sk — (] + ?’k)
m=0

seklindedir.
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3.SONUCLAR VE DEGERLENDIRME

Ureteg fonksiyonlari, say1 dizilerinin incelenmesinde ve kombinatorik problemlerin ¢dziimiinde
modern matematigin en etkili analitik araclarindan biri olarak kabul edilmektedir. Bir diziyi
formal bir kuvvet serisi bi¢iminde temsil eden bu yaklasim, dizilerin karmagik yapisini daha
yonetilebilir cebirsel islemlere doniistiirerek analiz siirecini Onemli Olgiide sadelestirir.
Ozellikle dogrusal rekiirans bagmtilariyla tanimlanan dizilerde, iirete¢ fonksiyonlari
aracilifiyla ilgili bagintilar fonksiyonel denklemlere indirgenmekte ve bu sayede kapali form
cozlimler sistematik bir bigimde elde edilebilmektedir. Bunun yani sira, kismi toplamlarin
hesaplanmasi, dizilerin kaydirilmas1 ve farkli diziler arasindaki iligkilerin belirlenmesi gibi
islemler, iirete¢ fonksiyonlari cergevesinde daha genel ve biitlinciil bir yaklagimla ele
alinabilmektedir. Kombinatorikte ise iirete¢ fonksiyonlari, sayma problemlerini analitik bir
diizleme tasiyarak karmasik yapilarin modellenmesini ve ¢dziimlenmesini miimkiin kilar. Bu
yonleriyle iirete¢ fonksiyonlari, hem kuramsal derinlik hem de uygulama giicii agisindan

matematiksel analizde temel ve vazgecilmez bir yontem olarak 6ne ¢ikmaktadir.
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KOVOLUSYON TiPLi OLMAYAN iINTEGRAL OPERATORLER AILESINIiN
SUREKLILIK NOKTASINDA YAKINSAKLIK

Dogc. Dr. Sevgi Esen ALMALI
Kirikkale Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi
sevgi_esen@hotmail.com, ORCID: 0000-0002-3935-0

OZET

Bu c¢alisnada konvoliisyon tipli olmayan integral operatorler ailesinin f € L,(a, b)
fonksiyonunun siireklilik noktasindaki yakinsaklig1 incelenmistir.

Anahtar Kelimeler: Konvoliisyon tipli olmayan integral ailesi, siirekliliik noktasi,
yakinsaklik.

GIRIS
18. yiizy1lin sonralarinda gelisen yaklagim teorisinin amaci fonksiyonu daha iyi 6zellikleri olan bir
fonksiyona doniistiirmektir. 10. Yiizyilda Weierstrass tarafindan ispatlanan teoremler ile ardindan 20.
Yiiyilin baglarindaki Bernstein’1 n ¢aligmalari yer alir. Yaklasim teorisin de integral operatorler ailesi
icinde bir gok matematikginin ¢ali gmalart mevcuttur. Bu ¢alismalar fonksiyonun karakteristik
noktalarinda yakinsakliklar1 calisilmistir (d-naktasi, Lebesgue noktast, stireklilik noktast,
genellestirilmis Lebesgue noktasi..). Bu ¢aligmalara 6rnek olarak; Faddiev ([1]-1936), Tandori ([2]-
1954), Mamedov ([3]-1961), Taberski ([4]-1962a), Gadjiev ([5]-1968), Rydzewska ([6]-1973) dur.
Bu ¢ali smalar da sonlu ve sonsuz araliklarda integral operatorler ailesinin yaklagimi incelenmistir.
Son zamanlar da yaklas1 m teorisine ilgi giderek artmuis ¢aligmalar genis alanlara yayilmistir. Bu
calismalardan sadece bir kagi; Bardora ,Vinti, Musielak ([7]-([8]-1990,2003), G.Uysal, M.M.Yilmaz
([9]-2015) ve Almali ([10], [11]-2016-2017) dur.
Bu kesimde, f € L, (a, b) olmak (zere,

Ly(f; %) =f;f(t)K,1(t,x)dt, A>0,a<x<b @
integral operator ailesinin, f in siireklilik noktasinda f (x) e yakinsakligini veren teoremler elde
edilmistir,

2. YAKLASIM

Teorem.1: f € L,(a, b) olsun. Negatif olmayan K, fonksiyonu; 1.
b

Alimf Ky (t,x)dt=11>0,a<x<b
a

2. Her belirli x ve A sayisi icin, K;(t, x) ¢cekirdegi; t nin bir fonksiyonu gibi [a, x] de artan,
[x, b] de azalandir. 3. Vt # x igin,

}im K,(t,x) =0
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sartlarini saglasin. Eger x, f in stireklilik noktasi ise bu takdirde,
lim L (£, %) = f ()
dir.

ispat: x siireklilik noktasi oldugundan dolayi, keyfi ¢ > 0 verildiginde 6yle bir § > 0
sayis1 bulunur ki; |t — x| < § oldugunda,

lf(®) = f)l <e )

dir. § y1 belirledikten sonra (1) ifadesi, teoremin 1. kosulundan,

ILa(F0) = FQ < (7704 175+ 105 ) IF(0) = FOOIK(t x)dt
+IF [, K (&, x)de — 1 )
= Coa+ Cop + Caa + IFCOI|f} Ka (6,20t — 1]

seklinde yazmak miimkiindiir. Oncelikle C, ; integralini hesap edelim. (2) den,
x+6

Cop = [, s If(®©) = I K (¢, x)dt

x+6
<e[. _sKa (t,x)dt

olur ve K, (t, x) pozitif oldugundan,
Cyp < e f;’ K, (t,x)dt (4)

elde edilir. Ote yandan,

b

5|f(t) — fIK; (¢, x)dt

x—

)
IF(6) — FOOI Kyt x)dt + f

P

Cia+Csy = f

a

esitliginde, teoremin 2. kosulu kullanilirsa,

<K= 6,0 [T @ — FOOldt + Ky(x+ 8,%) [ 51 (8) = F(O] de
< (Ky(x = 8,2) + Ky (e + 6,0} [[If Ol dt + 1f ()] [ d ] ()
= (K (x = 8,%) + K (x + 8, )} f I, + [fFI(b — a)]

ifadesi bulunur. Boylelikle (4) ve (5), (3) de yerlerine yazi lirsa;
IL(f, %) — FOl < {Ka(x = 8,%) + Ky (x + 8,)}If I, + 1f I — a)]
b b
+ e.f K; (t,x)dt + |f (x)] j K; (t,x)dt — 1‘

a a

olur ve A - o icin, teoremin 1. ve 3. kosullarindan istenilen sonug elde edilir. Yani,

ILa(f, %) = f(x)] = 0 (A4 = )

dir. Bu teoreme benzer olarak soyle bir teorem verilebilir:
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Teorem .2: f € C[a — u, b + u] olsun. Negatif olmayan K, fonksiyonu;1)

sup
asxs<b

b
f K, (t,x)dt — 1‘ -0 (1> )
a

2) Her belirli x ve A sayisi i¢in, K; (t, x) ¢ekirdegi; t nin bir fonksiyonu gibi [a, x] arali
ginda artan, [x, b] aralifinda azalandir.

3) V6 > 0 icin,

)ljm supK;(x £ 6,x) =0
—00 X

kosullarini saglasin. Bu durumda, 4 — o i¢in,
Li(f;x) 3 f(x), a<x<bh
dir. Yani,

sup |L;(f;x) = f()| = 0 (A - o)

asx<b

gerceklenir. Ispat: f fonksiyonu [a — u, b + u] arahiginda siirekli ise [a, b] araliginda

diizgiin siireklidir. Yani, her pozitif € sayisi icin dyle bir § sayis1 vardir ki (§ = §(¢))

|t — x| < & oldugunda |f(t) — f(x)| < € (t,x € [a, b]) dir. Kabul edelim ki, § < p olsun.
Teoremin 1.kosulundan,

b
|La(f; %) — F (Ol Sf lf (@) = fCOl Kx(t, x)dt

+1f ()l

b
f KA (t, X)dt - 1‘
olur ve belirlenen 6 ya gore,
x=6 x+6 b
LA(fi) — F)] < ( [+ +] ) O~ @G x)de
a x—=6 x+6

b
+ 1G] f K, (t, x)dt — 1‘

=Dy +Dyp+ D3+ |f(0)

b
f KA (t, X)dt - 1|
a
esitsizligi yazilabilir. Yukaridaki teoremin ispatinda oldugu gibi,
b b
Dy, < s.f K, (t,x)dt = ¢. U. K, (t,x)dt — 1] +¢e
a a

ve
Dya+ D3y < {Kp(x = 8,%) + K3(x + 8, OMIIf llo, + 1f (I (b — a)]

esitsizlikleri bulunur. Bunlar yerlerine yazilirsa,
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b
ILy(f;x) — f(x)] <e. f K; (t,x)dt — 1] +¢&
+{Ky(x — 8,%) + K3 (x + 8,5} IIf I, + |f ()I(b — )]

b
G f K, (¢, x)dt — 1‘

dir. Buradan da [a, b] de olan tiim x lere gore supremum alinirsa,

b
sgplL,l(f; x)—f)| < e.sgp U K; (t,x)dt — 1] + &

+ sup{K;(x — 6,x) + K;(x + 6§, x)}
e, + suplf (o)l (b - @]

b
+ sup|f(x)|sup (f K, (t,x)dt — 1)

b
= &.sup U K; (t,x)dt — 1] +¢&
x a
+ {SUPKA(X — 8,x) + supK;(x + 6, x)}
X X
QAN + 1 llcran (b — @)
b
+ ”f”c[a,b]sup <f K; (t,x)dt — 1>
x a

olur ve her § > 0 icin, K; (x + &, x) sifira diizglin yakinsak oldugundan ; A - o iken
sup|Ly(f;x) = f(x)| = 0
X

elde edilir. Boylece ispat tamamlanmis olur

KAYNAKCA

[1]. Faddeev, D. K., On the Representation of Summable Functions by means of singular
Integrals at Lebesgue Points, Math. Sbornik, Vol 1 (43), No:3, pp. 351-368, 1936.

[2]. Tandori, K., Ber die Konvergenz Singularer Integrale, Acta Sci. Math. XV, zeged, 223-
230. Sbornik, Vol 1 (43), No:3, pp,1954.

[3]. Mamedov, R. G., On the Order of Convergence of Functions by the Linear Integral
Operators in Lebesgue Points, Izvestiya Acad. of the Azerbaycan, No:1, 1961.

[4]. Taberski, R., Singular Integrals Depending on Two Parameters, Prace Matematyczne VI,
173-179, 1962a.

[5]. Gadjiev, A. D., On the Speed of Convergence of Singular Integrals, Special , Problems of
Functional Analysis and Its Application, Baku, 1968.

[6]. Rydzewska, B., Approximation of Functions by Ordinary Singular Integrals, Fasciculi
Mathematici No:7, 71-81, 1973.

[7]. C.Bardaro, G.Vinti, On approximation properties of certain non-nonvolution integral
operators , J.Approx.Theory 62(3) , 358 37, 1990.

[8]. C. Bardaro, J. Musielak and G. Vinti, Nonlinear integral operators and applications. De

177



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 — MUS
ISBN NR : 978-625-8795-09-7

Gruyter Series in Nonlinear Analysis and Applications, 9. Walter de Gruyter & Co.,
Berlin,. xii+201 pp. 2003,
[9]. G.Uysal, M.M.Yilmaz, Some theorems on the approximation of non-integrable functions
via-singular integral operators, Pro. Jangjeon Math. So., 18(2), 241 251, 2015.
[10]. S. E. Almali, Approximation of A Class of Non-linear Integral Operators CBU.of Sci.
13, no. 2, 407-411, 2017.
[11] . Esen, S., Konvoliisyon Tipinde Olmayan Integral Operatorler Ailelerinin Karakteristik
Noktalarda Yakinsalik ve Yakinsaklik Hizi, Ankara Universitesi Fen Bilimleri
Enstitusi. Ankara. 2002.

178



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

BAZI INTEGRAL OPERATORLERIN GENELLESTIRILMIS LEBESGUE
NOKTASINDA YAKINSAKLIK HIZI

DOGC. Dr. Sevgi ESEN ALMALI
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OZET

Bu c¢aligmada konvoliisyon tipinde olmayan integral operatorler ailesinin Lebesgue noktasinda
yakinsaklik hizi incelenmistir.

Yaklasim teorisinin bir konusu da integral operatorler ailesinin yaklagimidir. Bu operatorler
aileleri farkli siniflandirilmislardir. Bunlardan bazilart; konvoliisyon tipindeki integraller ailesi,
konvolisyon tipinde olmayan integral operadrler ailesi, lineer olmayan integral operatorler
ailesi gibi. Bu integral operatorler ailelerin fonksiyonlarin karakteristik noktalardaki
yakinsakliklar1 bir¢ok bilim insani1 tarafindan incelenmistir. Ayrica yaklasim teorisinin 6nemli
bir konusuda yaklasim hizinin bulunmasi problemidir.

Klasik Riemann locasyon teoreminin, bir noktanin bazi1 komsuluklarinda fonksiyonun
degisiminin, bu fonksiyonun verilen noktadaki Fourier serisinin yakinsamasini etkilemedigini
belirttigi iyi bilinmektedir. Bu teorem, pozitif ¢cekirdekli integral operator aileleriyle
fonksiyonlarin noktasal yakinsaklik probleminde de gegerlidir. Bu yakinsaklik problemlerinin
incelenmesinde, genellikle 1yi bilinen Natanson lemmasi kullanilir. Bu lemma, [1], [2], [3]
makalelerde degistirilecek ve genellestirilerek incelenmistir

Lebesgue noktalari, d-noktalari, genellestirilmis Lebesgue noktalar1 vb. gibi farkli
karakteristik noktalarda integral operator ailelerinin yakinsakliklar ile ilgili bircok ¢aligma
yapilmistir. [4]-[6] (ayrica [7]'ye bak 1n1z) numarali makalelere ve [8]-[10] numarali
monograflara bagvuruyoruz. [11] makalede,

Ly(f;x) = J f (DK (t,x)dt, A > 0,x"a, b]
A

tipi integral operatorler ailesi tarafindan fonksiyonlarin noktasal yakinsakligina iligkin genel
sonugclari ispatlanmistir.

[10]'da, sonlu ve sonsuz aralik (A, B) durumu da dahil olmak iizere her Lebesgue noktasinda f
€ L, (A, B) fonksiyonunun yaklastirilmasina iligkin bazi1 teoremler incelenmistir. Bu
makalede, genellestirilmis Lebesgue noktalarinda kovoliisyon tipinde olmayan integral

179


mailto:Sevgi_esen@hotmail.com

AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

operatorler ailesi tarafindan fonksiyonlarin yaklastirilmasinin hiziyla ilgili teoremler
ispatlayacagiz..

Anahtar Kelimeler :Yaklasim hizi, genellestirilmis Lebesgue noktasi, konvoliisyon tipinde
olmayan integral operator.
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RASTGELE ORMAN MODELI iLE 0-55 YAS HASTALARDA HASTANE
MORTALITESI TAHMINI
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OZET

Bu ¢alismada, yogun bakim iinitesinde takip edilen 0—55 yas aras1 hastalarda mortaliteyi tahmin
etmek amaciyla makine 6grenmesi tabanli bir model gelistirilmistir. Klinik skorlar ve rutin
laboratuvar verilerinden olusan tablo verisi tizerinde Random Forest algoritmasi kullanilmistir.
Toplam 6548 hastaya ait yogun bakim kayitlarindan 0-55 yas araligindaki 1472 hasta
secilmistir. Veri On isleme siirecinde %20'nin lizerinde eksik veri igeren degiskenler analizden
cikarilmistir. %20’den az eksik veri iceren degiskenlerdeki degerler medyan ile
doldurulmustur. Toplam 53 laboratuvar ve klinik degisken model girdisi olarak kullanilmistir.
Veriler %85'1 egitim (n=1251) ve %]15' test seti (n=221) olmak tlizere ayrilmistir. Sinif
dengesizligi, Random Forest modelinde agirlikli siif parametresi kullanilarak giderilmistir.
Model performansi, dogruluk (accuracy), F1 skoru, duyarlilik (recall), kesinlik (precision) ve
ROC (AUC-ROC) metrikleriyle degerlendirilmistir. Random Forest modeli test setinde %83
dogruluk, 0.92 AUC-ROC ve 0.98 duyarlilik degeri elde etmistir. Agirlikli F1 skoru 0,80 olarak
hesaplanmigstir. Degisken 6nem analizi, APACHE II skoru ve Glasgow Koma Skalas1 (GKSS)
skorunun mortalite tahminine en biiyiik katkiy1 saglayan 6zellikler oldugunu gostermistir. Bunu
sirastyla APTT, Prognostik Niitrisyon Indeksi (PNI) ve yatis giin sayis1 takip etmistir. Elde
edilen sonuglar, klinik ve laboratuvar verileriyle egitilen Random Forest modelinin, 0-55 yas
grubu yogun bakim hastalarinda mortaliteyi yiiksek basariyla tahmin edebildigini
gostermektedir. Ozellikle yiiksek duyarlilik degeri, 6liim riskini tastyan hastalarn dogru
tanimlanmasinda modelin basarisini vurgulamaktadir. Bu da klinik karar destek sistemleri i¢in
onemli bir katki saglamaktadir.

Anahtar Kelimeler: Makine Ogrenmesi, Random Forest, Mortalite Tahmini, Yogun Bakim,
Klinik Karar Destek
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ARTVIN METEOROLOJI iSTASYONU VERILERI iLE SPI VE SPEI KURAKLIK
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OZET

Kuraklik, diinya genelinde en tehlikeli dogal afetlerden biri olarak kabul edilmesine ragmen,
literatiirde iizerinde ortak bir tanim bulunmamaktadir. Genellikle insanlar, su kaynaklarinda
belirgin bir azalma gozlemlediklerinde kurakligin etkilerini fark ederler. Diger afetlerden farkli
olarak, kuraklik yavas gelisir ve etkilerini uzun siireli olarak gosterir; bu nedenle baslangi¢ ve
bitis zamanlarinin tahmin edilmesi zordur. Kurakligin olusum mekanizmalari halen tam olarak
anlagilamamistir ve yalnizca yagis eksikligi ile agiklanamaz. Esas olarak bir bolgede yagis ile
buharlagsma ve bitki transpirasyonu arasindaki dengenin bozulmasi sonucu ortaya ¢ikar. Uzun
stireli yagis ortalamanin altinda kalmasi, kurakligin temel belirleyici faktorlerinden biridir.
Kuraklik; meteorolojik, tarimsal, hidrolojik ve sosyoekonomik olmak tizere dort ana kategoride
incelenir. Etkin bir sekilde izlenmesi ve degerlendirilmesi igin ¢esitli standartlastiriimisg
indeksler gelistirilmistir. Bunlar arasinda en yaygin olarak kullanilanlar, Standart Yagis indeksi
(SPI) ve Standart Yagis Evapotranspirasyon indeksi (SPEI)’dir. SPI yontemi yalnizca yagis
verilerine dayali olarak kurak ve yagisli donemleri belirlerken, SPEI yontemi yagisin yani sira
sicaklik verilerini de dikkate alarak potansiyel evapotranspirasyon etkisini degerlendirmekte ve
su dengesi lizerindeki degisimleri ortaya koymaktadir. Bu indeksler, kurakligin mekansal ve
zamansal dagilimini anlamada ve iklim degisikligi etkilerini degerlendirmede 6nemli aracglar
sunmaktadir. Bu ¢aligmada, Dogu Karadeniz Bdlgesi’nin i¢ kesimlerinde yer alan Artvin
meteoroloji istasyonuna ait 1975-2024 yillarina ait uzun donem iklim verileri kullanilarak
meteorolojik kuraklik kosullarinin belirlenmesi amaglanmistir. Bu calismada SPI ve SPEI
yontemlerinden yararlanilmis ve her iki indeks ic¢in 1, 3, 6 ve 12 aylik zaman Olceklerinde
analizler gergeklestirilmistir. Analiz sonuglarina gore Artvin istasyonunda 6zellikle 1980, 1993,
1994, 2021 ve 2024 yillarinda belirgin kuraklik kosullar1 gdzlenmistir. Incelenen dénem
icerisinde en siddetli kuraklik olayi, 2024 yili Nisan ayinda bir aylik zaman O6lgeginde
hesaplanan SPI degerinin —4,02’e diismesiyle tespit edilmistir. Bu calisma, Artvin ve
cevresinde kuraklik degiskenliginin ortaya konulmasia katki saglamakta olup, elde edilen
bulgularin bolgedeki su kaynaklarinin siirdiiriilebilir yonetimi ve kuraklik riskine yonelik
planlamalarda yol gosterici olabilecegi degerlendirilmektedir.

Anahtar Kelimeler: Kuraklik, SPI, SPEI, Artvin
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1. GIRIS

Kuraklik, diinya genelinde en yikici dogal afetlerden biri olarak kabul edilmesine ragmen,
literatlirde Gzerinde uzlasilan tek bir tanim1 bulunmamaktadir (Wilhite & Glantz, 1985). Diger
dogal afetlerin ¢ogundan farkli olarak ani sekilde ortaya ¢ikmayan kuraklik, yavas gelisen ve
etkilerini uzun vadede gosteren karmasik bir siirectir. Bu 6zelligi nedeniyle baslangi¢ ve bitis
zamanlarinin belirlenmesi oldukga giictiir; genellikle kuraklik, yalnizca su kaynaklarinda
belirgin azalmalar yasandiginda fark edilmektedir (Mishra & Singh, 2010). Kuraklik
olusumunu yalnizca yagis eksikligi ile agiklamak yetersizdir. Bu afet, esas olarak bir bélgedeki
yagis ile buharlagma ve bitki terlemesi (transpirasyon) arasindaki dengenin bozulmasi sonucu
ortaya ¢ikar. Uzun siireli nem eksikligi, kurakligin temel belirleyicilerinden biridir ve etkileri
hem ekosistemler hem de insan faaliyetleri (izerinde ciddi sonuglar dogurur (Trenberth ve ark.,
2014). Bu baglamda, kuraklik genellikle meteorolojik, tarimsal, hidrolojik ve sosyoekonomik
olmak iizere dort ana kategoride degerlendirilmektedir (Wilhite, 2000). Kuraklik olaylarinin
izlenmesi ve degerlendirilmesinde standartlastirilmis indisler yaygin olarak kullanilmaktadir.
Bu kapsamda Standartlastirilmis Yagis Indisi (SPI) ve Standartlastirilmis Yagis-Buharlasma
Indisi (SPEI) kuraklik analizlerinde siklikla tercih edilen yontemlerdir. SPI yalnizca yagis
verilerine dayali olarak kurak ve yagisli donemleri belirlerken, SPEI yagisin yani sira sicaklik
verilerini ve potansiyel buharlasma etkisini de dikkate alarak su dengesi degisimlerini ortaya
koymaktadir (McKee ve ark., 1993; Vicente-Serrano ve ark., 2010). Ulkemizde kuraklik ve
gelecekte kurakliga bagh etkiler iizerine yapilan ¢esitli ¢aligmalarda farkli havzalar ve zaman
dlgekleri ele almmustir. Bu kapsamda Oztiirk ve Unlii (2024), Karadeniz Bolgesi genelinde
secilen 26 meteoroloji istasyonuna ait 1960—2020 yillar1 arasindaki veriler esas alinarak, yillik
ve 12 aylik zaman oOlgeklerinde (SPI) kullanilarak kuraklik degerlendirmeleri yapmustir.
Calismada kurak ve nemli donemlerin egilimleri Mann—Kendall trend analizi ile incelenmis,
mekansal farkliliklar kiy1 ve i¢ kesimler ayriminda degerlendirilmistir. Analiz sonuglarina gore
Artvin istasyonunda 1961-1962, 1969, 1974-1977, 1980-1984, 2001 ve 2019-2020 yillar1 kurak
donemler olarak belirlenirken; 1964, 1968, 1988-1989, 1993, 1997 ve 2007 yillar1 nemli
donemler olarak 6ne ¢ikmistir. Trend analizi sonuglari, Bati Karadeniz kiyilarinda yagislarda
istatistiksel olarak anlamli olmayan bir azalma egilimi bulundugunu, Orta ve Dogu
Karadeniz’de ise bazi istasyonlarda istatistiksel olarak anlamli artis egilimleri oldugunu ortaya
koymustur. Alsenjar ve ark. (2022) Karadeniz Bolgesinde 1927-2019 dénemine ait verilerle 3
aylik zaman oOlgeginde SPI ve SPEI kullanilarak kuraklik degerlendirmeleri yapmuistir.
Artvin’de SPI’ye gore asir1 siddetli kuraklik oraninin SPEI’ye kiyasla daha yiiksek olmasi,
sicaklik etkisinin bu istasyonda daha sinirli oldugunu ortaya koymaktadir. Bu ¢alismada, Dogu
Karadeniz Havzasi’nda yer alan Artvin meteoroloji istasyona ait veriler kullanilarak hesaplanan
SPI ve SPEI indisleri karsilagtirilmaktadir. Kuraklik analizlerinde yalnizca yagis verisi kullanan
yaklasgimlarin  yeterliligi ~ sorgulanmakta, sicaklik ile buna bagli  potansiyel
evapotranspirasyonun (PET) dikkate alinmasinin kuraklik siddeti ve siirelerinin daha hassas
bigimde belirlenmesine katki sagladigini ortaya konmaktadir. Calisma hem giincel verileri
kullanmasi hem de SPEI yontemi ile analiz yapmasi nedeniyle diger caligmalardan
ayrilmaktadir.
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1.1. Calisma Alani

Artvin ilinde kuraklik analizi i¢in, 1975-2024 dénemini kapsayan aylik toplam yagis ve aylik
ortalama sicaklik verilerine SPI ve SPEI yontemleri uygulanmistir. S6z konusu veriler,
Meteoroloji Genel Midirligi’'nden (MGM) temin edilen Artvin (17045) meteoroloji
istasyonlarina ait 50 yillik gozlem kayitlarindan olusmaktadir. Artvin  Meteoroloji
Istasyonu’nda uzun yillar ortalamasina gore yillik toplam yagis miktart 713.83mm, yillik
ortalama sicaklik ise yaklasik 12.28°C olarak hesaplanmigtir. Artvin ilinin Turkiye igindeki
cografi konumu Gorsel 1’de gosterilmistir.

@® Istasyon

N
=S 1.800 B
1.200 Akarsu w E /
x :l 11 S q
300 S
0 30 60
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Gorsel 1. Artvin ilinin Turkiye icindeki cografi konumu

c izelge 1. Artvin Istasyonu’na ait yagis ve sicakhk verilerinin temel istatistikleri
Istasyon | Parametre | Ortalama | Standart | Degisim | Carpikhik | Max Min
sapma katsayis1 | katsayisi
Artvin Yagis 713.83 132.01 18.49 0.07 1005.9 425.1
(17045) | Sicaklik | 12.28 0.94 7.69 0.26 14.53 10
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2. YONTEM
2.1. Standart Yags indeksi (SPI)

Standart Yagis indeksi (SPI), belirli bir zaman diliminde gerceklesen yagis miktarlarmin uzun
yillar ortalamasina gore sapmasini standart sapma cinsinden ifade eden istatistiksel bir kuraklik
gostergesidir. Bu yontem, yagis verilerinin standartlastirilmasi esasina dayanmakta olup, farkl
iklim oOzelliklerine sahip bolgeler ile degisen zaman Olgekleri arasinda karsilastirilabilir
sonuglarin elde edilmesine olanak saglamaktadir. SPI degerleri, incelenen donemde kaydedilen
toplam yagisin uzun dénem ortalamasia gore ne Olglide farklilastigini nicel olarak ortaya
koymakta ve bu sayede kurak ya da nemli kosullarin siddetinin belirlenmesine imkan
vermektedir (Guttman, 1999; McKee ve ark., 1993).

SPI’nin 3, 6, 12, 24 ve 48 ay gibi farkli zaman Ol¢eklerinde hesaplanabilmesi, kurakligin
zamansal boyutunun ¢ok yonlii bigcimde analiz edilmesini miimkiin kilmaktadir. Kisa zaman
Olceklerinde elde edilen degerler, genellikle tarimsal faaliyetleri etkileyen kisa siireli nem
eksikliklerini yansitirken; daha uzun zaman 6l¢ekleri, hidrolojik sistemler tizerindeki birikimli
etkilerin degerlendirilmesine katki saglamaktadir. Bu kapsamda uzun dénemli analizler; akarsu
akimlari, toprak nemi, yeralt1 suyu seviyeleri ve rezervuar depolama siirecleri gibi hidrolojik
bilesenler iizerindeki yagis eksikliginin etkilerini ortaya koymaktadir. Ayrica SPI’nin hem
kurak hem de nemli donemleri gosterebilme 6zelligi, uzun siireli kuraklik siirecleri igerisinde
meydana gelen kisa siireli yagish periyotlarin belirlenmesine de olanak tanimaktadir
(Bakanogullari, 2020; Jordaan ve ark., 2019).

spr =50 (1)
Bu esitlikte;

SPI: Standart Yagis Indeksi,

Xi: Incelenen déneme ait toplam yagis miktari (mm),

Xj: Uzun yillar ortalama yagis miktar1 (mm),

o: Yagis serisine ait standart sapma degeridir (mm).

2.2.Standart Yagis Evapotranspirasyon indeksi (SPEI)

Standart Yagis-Evapotranspirasyon Indeksi (SPEI), iklimsel su dengesi yaklasimina dayanan
ve kuraklik analizlerinde sicaklik etkisini de dikkate alan bir indis olarak tanimlanmaktadir.
Yalnizca yagis verilerine dayanan Standartlastirilmis Yagis Indeksi’nden (SPI) farkli olarak
SPEI potansiyel evapotranspirasyon (PET) bilesenini de hesaba katarak kuraklik kosullarini
daha kapsamli bir ¢cer¢evede degerlendirmektedir. Bu 6zelligi sayesinde SPEI, 6zellikle sicaklik
artiglarimin ve iklim degisikliginin kuraklik tizerindeki etkilerinin incelenmesinde yaygin
bicimde tercih edilmektedir.
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SPEI hesaplamasinin ilk asamasinda potansiyel evapotranspirasyon (PET) degerleri
belirlenmektedir. Bu ¢alismada, yalnizca aylik ortalama sicaklik verisine ihtiyag duymasi ve
uzun siireli veri setlerine kolaylikla uygulanabilmesi nedeniyle PET hesaplamalarinda
Thornthwaite yontemi kullanilmistir (Thornthwaite, 1948; Thornthwaite ve Mather, 1955;
Thornthwaite ve Mather, 1957). Thornthwaite yontemine gore aylik sicaklik indisi (i),
asagidaki esitlik yardimryla hesaplanmaktadir:

P = (1)1.514 (2)

Burada T, aylik ortalama sicakligi (°C) ifade etmektedir. Yillik sicaklik indisi (I) ise aylik
sicaklik indislerinin toplami alinarak asagidaki sekilde elde edilmektedir:

[ = Y12 3)
Yillik sicaklik indisine bagl katsay1 (A), asagidaki bagint1 kullanilarak hesaplanmaktadir:

A=6.7510 X 107 x [3-7.7110 X10-> x 12 + 1.791210 x 10-2 XI 4+ 0.49239 4)

Potansiyel evapotranspirasyon (PET) degeri ise asagidaki esitlik ile belirlenmektedir.
PET(T) =16 X ((10T) /DAX G (5)

Bu esitlikte G enlem diizeltme katsayisini, T aylik ortalama sicakligi, I yillik sicaklik indisini
ve A ise bu indise bagl katsayiy1 temsil etmektedir.

Hesaplamanin ikinci agsamasinda, her bir ay i¢in yagis (Pi) ve potansiyel evapotranspirasyon
(PETi1) degerleri kullanilarak aylik su dengesi bileseni olan su fazlasi veya su agig1 (Di)
asagidaki esitlik yardimiyla belirlenmektedir:

Di=Pi-PETi (6)
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Cizelge 2. SPI ve SPEI degerlerine gore kuraklik ve nemlilik smiflandirmasi

SPEI & SPI Siniflandirma Sembol
Degerleri

>2 Asir1 Nemli AN
1.5~1.99 Cok Nemli GN
1~1.49 Orta Nemli ON
-0.99 ~0.99 Normale Yakin NY
-1~1.49 Orta Kurak OK
-1.5~-1.99 Siddetli Kurak SK
<-2 Asirt Kurak AK

3. SONUCLAR VE DEGERLENDIRME

Bu calismada Artvin ilinde kuraklik kosullari, SPI ve SPEI indisleri kullanilarak 1, 3, 6 ve 12
aylik zaman 6l¢eklerinde analiz edilmistir. Farkli zaman 6lgekleri, kurakligin kisa, orta ve uzun
vadeli etkilerinin degerlendirilmesine olanak saglamaktadir. Artvin istasyonuna ait SPI-1
sonuclart incelendiginde, agir1 kuraklik kosullarinin 1980, 1983, 1984, 1987, 1995, 1996, 1999,
2003, 2010, 2011, 2013, 2018 ve 2024 yillarinda meydana geldigi belirlenmistir. Incelenen
donem igerisindeki en diisiik SPI-1 degeri, 2024 yili Nisan ayinda —4,02 olarak hesaplanmis
olup, bu deger ¢alisma periyodundaki en siddetli kuraklik kosulunu temsil etmektedir. Buna
karsilik, asir1 yagisli donemler 1978, 1989, 1991, 1997, 2005, 2007, 2015 ve 2016 yillarinda
gozlenmis; en yliksek SPI-1 degeri 2016 yil1 Eyliil ayinda 2,76 olarak belirlenmistir.

SPEI-1 sonuclarina gore ise asir1 kuraklik kosullart 1993, 1996, 2007, 2015, 2019, 2020 ve
2024 yillarinda tespit edilmistir. En diisiik SPEI-1 degeri 1993 yili Temmuz ayinda —2,42 olarak
hesaplanmigtir. Asirt yagishh donemler 1976, 1978, 1989, 1991, 1997, 2005, 2009 ve 2016
yillarinda gergeklesmis olup, en yiiksek SPEI-1 degeri 2016 yili Eyliil ayinda 2,47 olarak
belirlenmistir.

SPI-1 ve SPEI-1 sonuglari birlikte degerlendirildiginde, 2024 yili Nisan ayinda SPI-1 degerinin
—4,02, SPEI-1 degerinin ise —2,14 olarak hesaplanmasi, Iki indeks arasindaki siddet farki,
kuraklik kosullarmin olusumunda yagis eksikliginin baskin rol oynadigini, evapotranspirasyon
bileseninin ise sonuglar iizerinde daha zayif bir etkiye sahip oldugunu isaret etmektedir. Buna
karsilik, 1993 yili Temmuz ayinda SPI-1 degerinin —1,04, SPEI-1 degerinin ise —2,42 olarak
tespit edilmesi, iki indeksin farkli kuraklik siddetleri ortaya koydugunu gostermektedir. Bu
donemde SPI-1 orta siddetli kuraklik kosullarini yansitirken, SPEI-1 asir1 siddetli kuraklik
siifina karsilik gelmekte olup, sicaklik artisina bagli buharlasma etkisinin kuraklik siddetini
belirgin sekilde artirdigin1 ortaya koymaktadir. Artvin istasyonunda kisa siireli kuraklik
kosullarinin zamansal degisimi, SPI-1 ve SPEI-1 indeksleri kullanilarak incelenmis olup, elde
edilen sonuclar Gorsel 2’de gosterilmistir.
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Gorsel 2. Artvin istasyonunda kisa siireli kuraklik kosullarinin zamansal degisimi: SPI-1, SPEI-

1 (1975-2024)

Artvin istasyonuna ait SPI-3 sonuglar1 incelendiginde, asir1 kuraklik kosullarinin 1976, 1977,
1980, 1984, 1989, 1994, 1996, 2001, 2003, 2011, 2019, 2020 ve 2021 yillarinda meydana
geldigi belirlenmistir. incelenen dénem icerisindeki en diisiik SPI-3 degeri, 1994 yili Mayis
aymda —3,20 olarak hesaplanmistir. Buna karsilik, asir1 yagish donemler 1989, 1997, 2005,
2009, 2011 ve 2015 yillarinda gézlenmis; en yiiksek SPI-3 degeri 1989 yili Mart ayinda 2,70
olarak belirlenmistir.

SPEI-3 sonuglarina gore ise asir1 kuraklik kosullar1 1984, 1994, 2007, 2017, 2018, 2020, 2021
ve 2023 yillarinda tespit edilmistir. En diisiik SPEI-3 degeri, 1994 yili Mayis ayinda —2,36
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olarak hesaplanmistir. Asirt yagisli donemler 1989, 1997, 2005, 2009 ve 2011 yillarinda
gergceklesmis olup, en yiiksek SPEI-3 degeri 1989 yili Mart ayinda 2,29 olarak kaydedilmistir.

Her iki indeks birlikte degerlendirildiginde, 1994 yilinda ve ayni1 ayda (Mayis) asir1 kuraklik
kosullarinin ortaya ¢ikmasi, orta vadeli kuraklik gelisiminin her iki yontem tarafindan da tutarl
bi¢imde yakalandigini gostermektedir. Bununla birlikte, SPI-3 degerinin SPEI-3’e kiyasla daha
diistik (daha siddetli) hesaplanmasi, kuraklik siddetinin agirlikli olarak yagis eksikligine bagl
olarak gelistigine isaret etmektedir. Bu bulgu, literatirde daha 6nce raporlanan Karadeniz
Bolgesindeki 3 aylik SPI degerleriyle uyumludur (Alsenjar ve ark., 2022). Artvin istasyonuna
ait 3 aylik zaman oOl¢egindeki kuraklik kosullarinin zamansal dagilimi SPI-3 ve SPEI-3
indeksleri kullanilarak analiz edilmis ve sonuglar Gorsel 3’te sunulmustur.
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Gorsel 3. Artvin istasyonunda Kisa siireli kurakhik kosullarinin zamansal degisimi: SPI-3, SPEI-
3 (1975-2024)
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SPI-6 sonuglari incelendiginde, asirt kuraklik kosullarinin 1977, 1980, 1985, 2001, 2019 ve
2021 yillarinda meydana geldigi belirlenmistir. Incelenen donem igerisindeki en diisiik SPI-6
degeri, 1980 yili Temmuz ayinda —3,03 olarak hesaplanmistir. Ayrica, 2019 yil1 boyunca orta
diizeyde kuraklik gozlemlenmistir. Buna karsilik, asir1 yagish donemler 1989, 1997, 1999,
2001, 2007, 2011, 2015 ve 2016 yillarinda gézlenmis olup, en yiiksek SPI-6 degeri 1989 yili
Haziran ayinda 2,71 olarak belirlenmistir.

SPEI-6 sonuclarina gore ise asir1 kuraklik kosullar1 1977, 1980, 2001, 2007, 2010, 2011, 2018,
2019 ve 2021 yillarinda tespit edilmistir. En diisitk SPEI-6 degeri 2021 yil1 Subat ayinda —2,53
olarak hesaplanmistir. Asirt yagislt donemler 1989, 1992, 1993, 2007 ve 2011 yillarinda
gerceklesmis olup, en yiiksek SPEI-6 degeri 1989 yil1 Subat ayinda 2,40 olarak kaydedilmistir.

SPI-6 ve SPEI-6 sonuglar birlikte degerlendirildiginde, 2021 y1l1 Subat ayinda SPI-6 degerinin
—2,63, SPEI-6 degerinin ise —2,53 oldugu; 1980 yili Temmuz ayinda ise SPI-6 degerinin —3,03,
SPEI-6 degerinin —2,23 olarak hesaplandigi goriilmektedir. Bu durum, her iki donemde de SPI-
6 degerlerinin SPEI-6’ya kiyasla daha siddetli gergeklestigini ve kuraklik kosullarinin agirlikli
olarak yagis eksikligine bagli olarak gelistigini gostermektedir. Artvin istasyonunda orta siireli
kuraklik kosullarinin zamansal degisimi: SPI-6, SPEI-6 (1975-2024) Gorsel 4’te gosterilmistir.
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Gorsel 4. Artvin istasyonunda orta siireli kuraklik kosullarinin zamansal degisimi: SPI-6, SPEI-
6 (1975-2024)

Artvin istasyonuna ait SPI-12 sonuglari incelendiginde, asir1 siddetli kuraklik kosullarinin
1984, 2001, 2019 ve 2021 yillarinda yasandig belirlenmistir. Incelenen dénem igerisindeki en
diistik SPI-12 degeri, 2021 yili Temmuz aymda —2,52 olarak hesaplanmistir. Buna karsilik,
yagisli donemler 1989, 1993 ve 2002 yillarinda gézlenmis; en yiiksek SPI-12 degeri 1989 yili
Subat ayinda 2,83 olarak kaydedilmistir.

SPEI-12 sonuglarina gore ise asirt kuraklik kosullari 2019 ve 2021 yillarinda yasandigi
belirlenmistir En diisiik SPEI-12 degeri 2021 yili Temmuz ayinda —2,49 olarak belirlenmistir.
Yagislt donemler 1989, 1992 ve 1993 yillarinda gézlenmis; en yiiksek SPEI-12 degeri 1992 yili
Aralik 2,48 olarak kaydedilmistir.

Her iki indeks birlikte degerlendirildiginde, 2021 yili Temmuz ayinda SPI-12 (-2,52) ve SPEI-
12 (—2,49) degerlerinin birbirine olduk¢a yakin olmasi, uzun stireli kuraklik kosullarinin her iki
yontem tarafindan da benzer sekilde temsil edildigini gostermektedir. Elde edilen bulgular
literatiirde benzer yontem ve ¢aligma alani i¢in raporlanan bulgularla karsilastirildiginda SPI-
12 agisindan uyum gostermektedir. Ozellikle Oztiirk ve Unlii tarafindan yapilan ¢aligmalarda
bildirilen sonuclarla benzerlik gostermektedir. Bu uyum, Karadeniz Bolgesi’nde hidrolojik
kurakliklarin belirli yillarda tekrar eden yagis eksiklikleriyle iliskili oldugunu gostermektedir.
Artvin istasyonunda uzun siireli kuraklik kosullarinin zamansal degisimi: SPI-12, SPEI-12
(1975-2024) Gorsel 5°te gosterilmistir.
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Gorsel 5. Artvin istasyonunda uzun siireli kuraklik kosullarimin zamansal degisimi: SPI-12,
SPEI-12 (1975-2024)
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4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada Artvin ilinde kuraklik kosullari, SPI ve SPEI indisleri kullanilarak farkli zaman
Olceklerinde degerlendirilmistir. Elde edilen bulgular, kuraklik olaylarinin zamansal 6l¢ekte
onemli farkliliklar gosterdigini ortaya koymaktadir. Kisa zaman Olgeklerinde kuraklik
olaylarmin daha ani ve yiiksek siddette gerceklestigi, buna karsilik uzun zaman 6lg¢eklerinde
kurakligin daha diisiik siddette ancak daha siireklilik gosteren bir yapiya sahip oldugu
belirlenmistir.

SPI ve SPEI indekslerinin karsilastirilmast sonucunda, bir¢ok doénemde SPI degerlerinin
SPEI’ye gore daha diisiik (daha siddetli) oldugu goriilmiistiir. Bu durum, kuraklik olusumunda
yagis eksikliginin temel belirleyici faktér oldugunu, sicaklik ve evapotranspirasyon etkisinin
ise gorece daha smirli kaldigimi gostermektedir. Ozellikle kisa ve orta zaman dlgeklerinde bu
fark daha belirgin sekilde ortaya ¢ikmaktadir.

Orta zaman Olgeklerinde her iki indeksin bazi donemlerde kuraklik kosullarini benzer sekilde
yansittig1 belirlenmis olup, bu durum kuraklik olaylarinin farkli yontemlerle tutarli bigimde
tespit edilebildigini gostermektedir. Uzun zaman Glgeklerinde ise SPI ve SPEI degerlerinin
birbirine oldukca yakinlastig1 ve kuraklik kosullarinin her iki indeks tarafindan benzer sekilde
temsil edildigi tespit edilmistir. Bu bulgu, uzun siireli kuraklik siireglerinde yagis ve sicaklik
etkilerinin birlikte daha dengeli bir sekilde ortaya ¢iktigin1 gostermektedir.

Elde edilen sonugclar, Artvin ilinde kuraklik kosullarinin belirli donemlerde tekrar eden bir yap1
sergiledigini ve Ozellikle uzun vadeli kurakliklarin hidrolojik strecler (zerinde etkili
olabilecegini ortaya koymaktadir. Ayrica bulgularin literatiirde yer alan benzer ¢aligmalarla
uyum gostermesi, elde edilen sonuglarin giivenilirligini desteklemektedir.

KAYNAKCA

[1] Aktirk, G., Zeybekoglu, U., & Yildiz, O. (2022). SPI ve SPEI yontemleri ile kuraklik
arastirmasi: Kirtkkale 6rnegi. International Journal of Engineering Research and Development,
14(2), 762—776. https://doi.org/10.29137/umagd.1100886

[2] Alsenjar, O., Aksu, H., & Cetin, M. (2022). The use of some specific drought indices to
evaluate meteorological drought events in the Black Sea Region of Turkey. Cukurova Tarim ve
Gida Bilimleri Dergisi, 37(2), 261-272.

[3] Bakanogullari, F. (2020). SPEI ve SPI indisleri kullamilarak Istanbul-Damlica Deresi
havzasinda  kuraklik  siddetlerinin  analizi. Toprak Su Dergisi, 9(1), 1-10.
https://doi.org/10.21657/topraksu.566693

[4] Guttman, N. B. (1999). Accepting the standardized precipitation index: A calculation
algorithm. Journal of the American Water Resources Association, 35(2), 311-322.

193


https://doi.org/10.29137/umagd.1100886
https://doi.org/10.21657/topraksu.566693

AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

[5] Jordaan, A. J., Mlenga, D. H., & Mandebvu, B. (2019). Monitoring droughts in Eswatini: A
spatiotemporal variability analysis using the standardized precipitation index. Jamba: Journal
of Disaster Risk Studies, 11(1), 1-11.

[6] McKee, T. B., Doesken, N. J., & Kleist, J. (1993). The relationship of drought frequency
and duration to time scales. In Proceedings of the 8th Conference on Applied Climatology (pp.
179-184). Anaheim, CA.

[7] Mishra, A. K., & Singh, V. P. (2010). A review of drought concepts. Journal of Hydrology,
391, 202-216.

[8] Oztiirk, Y. D., & Unlii, R. (2024). Karadeniz Bolgesi’nde kurak ve nemli dénemlerin SPI
yontemi kullanilarak belirlenmesi. Dogal Afetler ve Cevre Dergisi, 10(2), 247-262.
https://doi.org/10.21324/dacd.1383857

[9] Thornthwaite, C. W. (1948). An approach toward a rational classification of climate.
Geographical Review, 38(1), 55-94.

[10] Thornthwaite, C. W., & Mather, J. R. (1955). The water balance. Laboratory of
Climatology.

[11] Thornthwaite, C. W., & Mather, J. R. (1957). Instructions and tables for computing
potential evapotranspiration. Drexel Institute of Technology.

[12] Trenberth, K. E., Dai, A., van der Schrier, G., Jones, P. D., Barichivich, J., Briffa, K. R.,
& Sheffield, J. (2014). Global warming and changes in drought. Nature Climate Change, 4(1),
17-22. https://doi.org/10.1038/nclimate2067

[13] Vicente-Serrano, S. M., Begueria, S., & Lépez-Moreno, J. I. (2010). A multiscalar drought
index sensitive to global warming: The standardized precipitation evapotranspiration index.
Journal of Climate, 23, 1696-1718.

[14] Wilhite, D. A., & Glantz, M. H. (1985). Understanding the drought phenomenon: The role
of definitions. Water International, 10(3), 110-120.

194


https://doi.org/10.21324/dacd.1383857
https://doi.org/10.1038/nclimate2067

AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

SAMSUN, ORDU, TOKAT METEOROLOJI iSTASYONU VERILERI iLE SPEI
KURAKLIK ANALIZI

Yiiksek lisans égrencisi Onur CELIKKOL
Ondokuz May1s Universitesi, onurcelikkol06@gmail.com-0009-0007-1318-5189
Do¢. Dr. Ash ULKE KESKIN

Ondokuz May1s Universitesi, asli.ulke@omu.edu.tr-0000-0002-9676-8377

OZET

Kuraklik; yalnizca basit bir yagis eksikligi degil, meteorolojik bir sapma olarak baslayip toprak
nemi yetersizligine (tarimsal) ve nihayetinde su rezervlerinin kritik seviyelere gerilemesine
(hidrolojik) yol agan, cok boyutlu bir dogal afet olarak tanimlanmaktadir. Kiiresel iklim
sisteminde son yiizyilda gézlenen belirgin 1sinma egilimi, hidrolojik dongiiniin dogal isleyisini
kokten degistirerek su kaynaklari tizerinde ciddi bir cevresel baski olusturmaktadir. Artan ylizey
sicakliklart atmosferin nem tagima kapasitesini dogrudan artirirken, bu siire¢ potansiyel
evapotranspirasyon (PET) oranlarimi da yukari ¢ekerek ckosistem Uzerindeki su talebini
ylikseltmektedir. Giincel bilimsel bulgular, bir bolgede yagis miktarlari istatistiksel olarak sabit
kalsa dahi, yiikselen sicakliklarin yarattigi su acigmmin kuraklik siddetini tek bagina
tetikleyebildigini kanitlamaktadir. Bu ¢alisma; Samsun, Ordu ve Tokat illerini kapsayan
caligma alaninda, 1975-2024 yillara ait 50 yillik kesintisiz meteorolojik veriler lizerinden
bolgenin kuraklik dinamiklerini kapsamli bir sekilde incelemeyi amaglamaktadir. Analiz
stirecinde, sicaklik ve yagis degiskenlerini es zamanli degerlendiren Standartlastirilmis Yagis-
Evapotranspirasyon Indeksi (SPEI) kullanilmis olup, buharlasma hesaplamalarinda
Thornthwaite yontemi esas alinmistir. Calisma kapsaminda 1 ile 24 ay arasinda degisen farklh
zaman Olceklerinde olusturulan veri serileri analiz edilmistir. Analiz sonuglarina gore bu ig il
icin SPEI degerlerinin es zamanli olarak negatif bolgeye (-1.5 ve alt1) diistiigii donemler 1994,
2007-2008, 2014 ve 2020-2021 yillarinda goriilmiistiir.2020-2021 yili yakin tarihin en ciddi
kuraklik periyodudur. SPEI-12 ve SPEI-24 grafiklerinde bu yillar her {i¢ il i¢in de son 20 yilin
en diisiik degerlerini temsil eder. Arastirma bulgulari, kisa vadeli kuraklik olaylarinin genellikle
mevsimsel ve gecici bir karakter sergiledigini, ancak analiz edilen zaman 6lgegi genisledikge
kuraklik egiliminin istatistiksel olarak siireklilik kazandigin1 ortaya koymaktadir. Bolgedeki
kuraklik riskinin temel itici giliciiniin sadece yagis miktarindaki diisiis degil, ayn1 zamanda artan
sicakliklarin yarattigr yogun buharlasma baskist oldugu saptanmistir. Elde edilen sonuglar,
geleneksel olarak "nemli" ve "su zengini" bir kusak olarak kabul edilen Karadeniz kiy1 seridinde
bile uzun vadeli hidrolojik kuraklasma riskinin ciddi bir boyuta ulastigin1 ve gelecekte su
giivenligi agisindan kritik 6nlemler alinmasi gerektigini kanitlamaktadir.

Anahtar Kelimeler: Kuraklik, SPEI, Samsun, Ordu, Tokat.
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1. GIRIS

Kiiresel iklim sistemi son yiizyilda belirgin bir 1sinma egilimine girmistir ve bu egilim
hidrolojik déngu lzerinde dogrudan ve dolayli etkiler tiretmektedir. Artan yiizey sicakliklari,
atmosferin nem tutma kapasitesini yiikselterek potansiyel evapotranspirasyon (PET) oranlarini
artirmakta; bu durum yagis miktarinda anlamli bir azalma olmasa dahi su agiginin biiylimesine
yol acabilmektedir (IPCC, 2023). Son yillarda yapilan ¢alismalar, kurakligin yalnizca yagis
eksikligine bagli bir fenomen olmadigini, enerji dengesindeki degisimlerin de kuraklik siddetini
belirleyen temel faktorler arasinda yer aldigini ortaya koymaktadir.

Kuraklik; meteorolojik, tarimsal ve hidrolojik olmak iizere farkli agamalarda ortaya cikan ve
zaman Olgegine bagl olarak etkileri degisen ¢ok boyutlu bir dogal afettir (Wilhite & Glantz,
1985). Meteorolojik kuraklik yagis eksikligi ile baslamakta, bunu toprak nemi yetersizligi
(tarimsal kuraklik) ve yiizey/yeralt1 suyu azalis1 (hidrolojik kuraklik) izlemektedir (Mishra &
Singh, 2010). Bu siiregler genellikle birbirini takip eden zincirleme etkiler olusturmaktadir.
Dolayisiyla kurakligin yalmizca kisa siireli yagis anomalileri lizerinden degerlendirilmesi,
ozellikle uzun vadeli su giivenligi agisindan yetersiz kalabilmektedir.

Iklim degisikligi baglaminda literatiirde 6ne ¢ikan kavramlardan biri “sicak kuraklik™tir (hot
drought). Bu kavram, sicaklik artiglarinin evapotranspirasyon iizerinden su kaybini artirarak
kuraklik siddetini derinlestirdigini ifade etmektedir (Trenberth vd., 2014). Ozellikle geleneksel
olarak nemli kabul edilen bélgelerde dahi, artan atmosferik su talebi nedeniyle su dengesi
negatif yonde degisebilmektedir. Bu durum, yiiksek yillik yagis miktarina sahip bolgelerin
kuraklik riskinden muaf olmadigina isaret etmektedir.

Kurakligin izlenmesinde en yaygim kullanilan indekslerden biri Standartlastirilmis Yagis
Indeksi’dir (SPI) (McKee vd., 1993). Ancak SPI yalnizca yagis verisine dayandig igin, artan
sicakliklarin su dengesi iizerindeki etkisini dikkate almamaktadir. Bu smirliligi gidermek
amaciyla gelistirilen Standartlastirilmis Yagis Evapotranspirasyon Indeksi (SPEI), yags ile
potansiyel evapotranspirasyon arasindaki farki esas alarak su a¢igimi daha biitiinciil bir
yaklagimla degerlendirmektedir (Vicente-Serrano vd., 2010). SPEI'nin ¢ok zaman o&lgekli
uygulanabilirligi, meteorolojik, tarimsal ve hidrolojik kurakligin birlikte analiz edilmesine
olanak saglamaktadir. Bu nedenle son yillarda iklim degisikligi etkilerinin
degerlendirilmesinde yaygin olarak tercih edilmektedir.

Tiirkiye, Akdeniz Havzasi’nda yer almasi nedeniyle iklim degisikligine karsi hassas bolgeler
arasinda gosterilmektedir. Yapilan ulusal ve bolgesel ¢alismalar, ozellikle son 30—40 yillik
donemde sicaklik artiglarinin belirginlestigini ve baz1 bolgelerde kuraklik siddetinin arttigini
ortaya koymaktadir. Akdeniz ve I¢ Anadolu bolgelerinde kuraklasma egilimleri daha belirgin
olmakla birlikte, Karadeniz Bolgesi’nde de sicaklik artiglarina bagh su dengesi degisimlerine
yonelik bulgular artmaktadir. Geleneksel olarak yiiksek yagishi bir bolge olarak bilinen
Karadeniz’de artan evapotranspirasyon baskisinin uzun dénemli su biitgesi {izerinde etkili olup
olmadig1 konusu ise heniiz yeterince ayrintili incelenmemistir.

Samsun ve Ordu illeri, Orta Karadeniz’in sahil kusaginda yer alarak denizel etki ve orografik
yagislarin kontroliinde bir su biit¢esine sahipken; Tokat ili, i¢ kesimde yer almasi sebebiyle
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karasallik etkisinin ve buharlagma baskisinin daha yogun hissedildigi bir bolgedir. Literatiirde
Samsun ve ¢evresine yonelik sinirli sayida ¢alisma bulunmakla birlikte (Yiice vd., 2022), bu ii¢
istasyonun 50 yillik kesintisiz veri seti lizerinden kiyi-i¢ kesim zithigini, ¢cok zaman 6lgekli (1-
24 ay) SPEI analizi ile karsilastiran kapsamli bir hidroklimatik degerlendirmeye ihtiyag
duyulmaktadir. Literatiir incelendiginde Aktiirk vd. (2022), Kirikkale’nin 1963-2018 verilerini
SPIve farkli PET modellerine dayali SPEI ile analiz ederek indisler arasinda yiiksek korelasyon
belirlemislerdir. Gilimiis (2023), Tirkiye genelinde 1970-2021 periyodunu inceleyerek
SPEI’nin orta ve siddetli kurakliklari tespitte SPI’ya gore daha duyarli oldugunu, 6zellikle 1990
sonrasinda iki indis arasindaki sonug farkliliklarinin belirginlestigini rapor etmistir.

Yice vd. (2022), Samsun istasyonunun 1938-2020 doénemi verileriyle SPI ve SPEI analizleri
gerceklestirmislerdir. Calismada iklim parametrelerinin etkileri %95 giiven aralifinda
irdelenmis; bolgede en fazla "normal" kategorisinin goriildiigii, "cok siddetli kuraklik" paymin
ise en diisikk oldugu saptanmistir. Bakanogullar (2020), Biiylikgekmece Damlica Deresi
havzasinda 1982-2006 donemi verileriyle Thornthwaite yontemine dayali SPEI ve SPI
indislerini karsilagtirmali olarak analiz ederek kurakligin siklik ve siddetini belirlemistir.
Zeybekoglu (2022), Kizilirmak Havzas1 Hirfanli Baraj1 alt havzasinda 1968-2017 periyodunu
SPEI ile analiz ederek en siddetli kurakligin 2001 yilinda yasandigin1 saptamis ve havzanin
mekansal kuraklik risk haritalarin1 olusturmustur. Giiner Bacanli ve Aksan (2019), Akdeniz
Bolgesi’ndeki sekiz istasyonun 1970-2018 verilerini SPEI ile 1-12 aylik 6l¢eklerde analiz
etmislerdir. Bolge genelinde "hafif kurak" ve "normale yakin" siniflarinin baskin oldugu, Adana
istasyonunun ise ekstrem donem frekanslar1 bakimindan en diisiik degerlere sahip oldugu
belirlenmistir. Yiice ve Esit (2020), Ceyhan Havzasi’nda SPEI’nin kurak periyotlarda SPI’dan
daha siddetli degerler iirettigini saptayarak sicaklik ve evapotranspirasyonun kuraklik
karakterizasyonundaki kritik roliinii ortaya koymuslardir.

Bu caligmanin temel amaci, 1975-2024 donemine ait 50 yillik meteorolojik veri setini
kullanarak Samsun, Ordu ve Tokat illerindeki kuraklik siddeti, siiresi ve egilimlerini analiz
etmektir. Calisma, meteorolojik kurakliktan (SPEI-1) hidrolojik kurakliga (SPEI-24) kadar
uzanan bir yelpazede, bolgenin su ac¢ig1 dinamiklerini ortaya koymay1 hedeflemektedir.

Calisma {i¢ agidan 6zgiin katki sunmaktadir:

1. Orta Karadeniz’in k1y1 (Samsun, Ordu) ve i¢ kesim (Tokat) istasyonlar1 arasinda SPEI
temelli mekansal bir karsilastirma sunmaktadir.

2. 2014, 2020 ve 2024 yillarinda gézlemlenen bolgesel kuraklik senkronizasyonunu ve
Tokat istasyonunda 1990’lardan itibaren nemli donemlerin kesilmesine dair tarihsel
kirilmay1 raporlamaktadir.

3. Samsun’da kaydedilen -2.84 (SPEI-1) ve Tokat’ta kaydedilen -2.89 (SPEI-6) gibi
ekstrem rekor degerler iizerinden bdlgenin iklimsel kararsizligini ve artan kuraklik
frekansin1 kanitlamaktadir.
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Bu yonleriyle ¢aligma, geleneksel olarak nemli kabul edilen bir bélgede karasallik ve sicaklik
artist kaynakli kuraklasma sinyallerini degerlendiren kapsamli bir hidroklimatik analiz
sunmaktadir.

1.1. Cahisma Alani(Samsun, Ordu, Tokat)

Samsun, Ordu, Tokat illerinde kuraklik analizi i¢in 1975-2024 donemini kapsayan aylik toplam
yagis ve aylik ortalama sicaklik verilerine SPEI yontemi uygulanmistir. S6z konusu veriler
Meteoroloji Genel Midiirliigiinden(MGM) temin edilen Samsun(17030), Ordu(17034) ve
Tokat(17084) meteoroloji istasyonlarina ait 50 yillik gézlem kayitlarindan olusmaktadir.
Samsun meteoroloji istasyonunda uzun yillar ortalamasina gore yillik toplam yagis miktari
yaklagik 712.2 mm, Ordu'da 1050.2 mm, Tokat'ta 444.6 mm yillik ortalama sicaklik ise
Samsun'da 14.6°C,Ordu'da 14.5°C, Tokatta 12.5°C olarak hesaplanmistir. Samsun, Ordu, Tokat
illerinin Tiirkiye i¢indeki cografi konumu Gorsel 1°de gosterilmistir.

ic ANADOLU BOLGESI

BOLGESI

3000 2000 1500 1000 500 200 100 0 200 500 1000 m.

Gorsel 1.Karadeniz Bolgesi Haritasi

2.YONTEM
2.1. Standartlastirilmis Yagis Evapotranspirasyon Indeksi (SPEI)

Standartlastirilmis Yagis Evapotranspirasyon Indeksi (SPEI), kuraklik analizlerinde iklimsel su
dengesi (P-PET) yaklasimini esas alan, sicaklik degisimlerinin kuraklik siddeti tizerindeki
etkisini dinamik olarak yansitan ¢ok zaman 6l¢ekli bir indistir. Geleneksel olarak kullanilan ve
yalmzca yagis anomalilerine odaklanan Standartlastirilmis Yagis Indeksi’nin (SPI) aksine
SPEI, sisteme giren su miktar1 (yagis) ile sistemden uzaklasan su miktar1 (evapotranspirasyon)
arasindaki farki temel almaktadir. Bu biitlinciil yaklagim, 6zellikle kiiresel 1sinma kaynakli
sicaklik  artiglarinin = hidroklimatik  siiregleri  doniistiirdiigi =~ bolgelerde  kuraklik
karakterizasyonunun ¢ok daha hassas bir sekilde yapilabilmesine olanak tanimaktadir (Vicente-
Serrano vd., 2010).

SPEI hesaplama algoritmasinin baslangi¢ asamasi, sahadaki potansiyel evapotranspirasyon
(PET) degerlerinin yiiksek dogrulukla kestirilmesini gerektirmektedir. Bu ¢alismada, analiz
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edilen istasyonlarin uzun dénemli iklim kayitlar1 ve veri kisitlart goz oniinde bulundurularak,
PET hesaplamalarinda yaygin kabul goérmiis Thornthwaite yontemi tercih edilmistir
(Thornthwaite, 1948). S6z konusu yontemin se¢iminde, sadece aylik ortalama sicaklik verisine
ihtiya¢ duymasi ve bu sayede 50 yillik kesintisiz veri setlerinde kararli sonuglar tiretmesi temel
gerekce olmustur. Thornthwaite metodolojisine gore, aylik sicaklik indisi (i) hesaplanirken
izlenen temel matematiksel modelleme asagida sunulmustur:

P = (§)1.514 (1)

Burada T, aylik ortalama sicakligi (°C) ifade etmektedir. Yillik sicaklik indisi (I) ise aylik
sicaklik indislerinin toplam1 alinarak asagidaki sekilde elde edilmektedir:

[=X1% 2

Yillik sicaklik indisine bagli katsay1 (A), asagidaki bagint1 kullanilarak hesaplanmaktadir.
A=6.7510x10"7x]3-7.7110x107>x12+1.791210x10~2x1+0.49239 (3)

Potansiyel evapotranspirasyon (PET) degeri ise asagidaki esitlik ile belirlenmektedir.

PET(T)=16X ()G (4)

Bu esitlikte G enlem diizeltme katsayisini, T aylik ortalama sicakligi, I yillik sicaklik indisini
ve A ise bu indise bagl katsayiy1 temsil etmektedir.

Hesaplamanin ikinci agsamasinda, her bir ay i¢in yagis (Pi) ve potansiyel evapotranspirasyon
(PETi) degerleri kullanilarak aylik su dengesi bileseni olan su fazlasi veya su acigi (Di1)
asagidaki esitlik yardimiyla belirlenmektedir.

Di=Pi-PETi (5)
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Tablo 1: SPEI Degerlerine Gore Kuraklik Siniflandirmasi

SPEI indis Degeri Nemlilik/Kurakhk Simifi
e e |
1.99/1.50 Cok Nemli
1.49/1.00 Orta Nemli
0.99/0.50 Hafif Nemli
049/0/-049 Normal
-0.50/-0.99 Hafif Kurak
-1.00/-1.49 Orta Kurak
-1.50/-1.99 Siddetli Kurak

3. SONUCLAR VE DEGERLENDIRME
3.1. Bir Aylik Sonuglar

Samsun SPEI-1 sonuclarina gore asir1 kuraklik kosullar1 1984, 2001, 2014, 2020, 2024
yillarinda tespit edilmistir. En diisiik SPEI-1 degeri 2024 yili Haziran ayinda -2.84 olarak
hesaplanmistir. Asir1 yagisli donemler 1988, 1991, 1992, 1995, 2005, 2012, 2013, 2016, 2022,
2023, 2025 yillarinda gergeklesmis olup en yiiksek SPEI-1 degeri 2012 yili Temmuz ayinda
2.43 olarak kaydedilmistir.

Ordu SPEI-1 sonuglarina gore asir1 kuraklik kosullar1 2010, 2013, 2014, 2020, 2024 yillarinda
tespit edilmistir. En diisiik SPEI-1 degeri 2020 yil1 Eyliil ayinda -2.52 olarak hesaplanmistir.
Asir1 yagish donemler 1975, 1991, 1994, 2011, 2022 yillarinda gergeklesmis olup en yiiksek
SPEI-1 degeri 2011 Agustos ayinda 2.36 olarak kaydedilmistir.

Tokat SPEI-1 sonuglarina gore asir1 kuraklik kosullari 1979, 2015, 2019, 2020, 2024, 2025
yillarinda yasandigi belirlenmistir. En diisiik SPEI-1 degeri 2020 yil1 Ekim ayinda -2.64 olarak
hesaplanmistir. Asirt yagislit donemler 1979 ,1985, 1991, 1992, 2005, 2008, 2009, 2016 2019
yillarinda gergeklesmis olup en yiiksek SPEI-1 degeri 2019 yili Agustos ayinda 2.37 olarak
kaydedilmistir.
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Gorsel 2. Samsun, Ordu, Tokat istasyonunda Kisa Siireli Kuraklik Kosullarinin Zamansal
Degisimi:

SPEI-1 (1975-2024)

3.2. Ug Aylik Sonuglar

Samsun SPEI-3 sonuglarina gore asir1 kuraklik kosullar1 2000, 2010, 2014, 2018, 2020, 2024
yillarinda tespit edilmistir. En diisiik SPEI-3 degeri 2024 yili Nisan aymda -2.56 olarak
hesaplanmistir. Asir1 yagisli donemler 1988, 1991, 1996, 2012, 2013, 2022, 2023 yillarinda
gerceklesmis olup en yuksek SPEI-3 degeri 2012 Temmuz ayinda 2.43 olarak hesaplanmustir.
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Ordu SPEI-3 sonuglarina gore asirt kuraklik kosullar1 1977, 2000, 2007, 2011, 2014, 2017,
2024 yillarinda tespit edilmistir. En diisiik SPEI-3 degeri 2017 yili Ekim ayinda -2.41 olarak
hesaplamistir. Asir1 yagish donemler 1977, 1990, 1994, 2000, 2009, 2011, 2016, 2020, 2023
yillarinda gerceklesmis olup en yiiksek SPEI-3 degeri 2023 yili Nisan aymnda 3.14 olarak
hesaplanmustir.

Tokat SPEI-3 sonuglarina gore asir1 kuraklik kosullar1 2001, 2010, 2014, 2020, 2024 yillarinda
tespit edilmistir. En diisiik SPEI-3 degeri 2020 yil1 Ekim ayinda -2.77 olarak hesaplanmistir.
Asirt yagisli donemler 1979, 1985, 1988, 1990, 1991, 1993, 1996, 1997, 2009 yillarinda
gergeklesmis olup en yiliksek SPEI-3 degeri 1991 yili Haziran ayinda 2.33 olarak
hesaplanmustir.

3-Aylik SPEI (Tanmsal Kuraklik)
Samsun (17030) Istasyonu - 1975-2024 Dénemi Kurakik Analizi

SPEI Degeri

1998
il

3-Ayhk SPEI (Tanmsal Kuraklik)
Ordu (17033) Istasyonu - 1975-2024 Donemi Kuraklik Analizi

SPEI Degeri

3-Aylik SPEI (Tanmsal Kuraklik)
Tokat (17086) Istasyonu - 1975-2024 Denemi Kuraklik Analizi

SPEI Degeri

B
il

Gorsel 3. Samsun, Ordu, Tokat Istasyonunda Kisa Siireli Kurakhk Kosullarimin Zamansal
Degisimi:
SPEI-3 (1975-2024)

202



AICHSS 7th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING AND APPLIED SCIENCES
APRIL 24 - 26,2026 - MUS
ISBN NR : 978-625-8795-09-7

3.3.Alt1 Aylik Sonuglar

Samsun SPEI-6 sonuglarina gore asirt kuraklik kosullar1 2001, 2014, 2020, 2021, 2024
yillarinda tespit edilmistir. En diigiikk SPEI-6 degeri 2024 yili Haziran ayinda -2.75 olarak
hesaplanmistir. Asir1 yagisli donemler 1989, 1997, 2005, 2009, 2012, 2023 yillarinda
gerceklemis olup en yiikksek SPEI-6 degeri 2023 yili Temmuz aymda 2.59 olarak
hesaplanmustir.

Ordu SPEI-6 sonuglarina gore asirt kuraklik kosullar1 1989, 2000, 2010, 2011, 2014, 2017,
2024 yillarinda tespit edilmistir. En diigitk SPEI-6 degeri 2017 yili Kasim ayinda -2.4 olarak
hesaplanmistir. Asirt yagishh donemler 1977, 1987, 2011, 2012, 2016, 2023 yillarinda
gergeklesmis olup en yliksek SPEI-6 degeri 2023 yili Temmuz ayinda 2.87 olarak hesaplanistir.

Tokat SPEI-6 sonuglarina gore asir1 kuraklik kosullar1 2001, 2014, 2020, 2021, 2024 yillarinda
tespit edilmistir. En diisiik SPEI-6 degeri 2020 yil1 Aralik ayinda -2.89 olarak hesaplanmuistir.
Asir1 yagisli donemler 1983, 1990, 1991, 2009 yillarinda gerceklesmis olup en yiiksek SPEI-6
degeri 1991 yil1 Haziran ayida 2.37 olarak hesaplanmustir.

6-Ayhk SPEI (Tanimsal Kuraklik)
Samsun (17030 Istasyonu - 1975-2024 Donemi Kurakltk Analizi
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6-Ayhk SPEI (Tanimsal Kuraklik)
Ordu (17023) Istasyenu - 1875-2024 Donemi Kuraklik Analizi
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6-Ayhk SPEI (Tanimsal Kuraklik)
Tokat (17086) Istasyanu - 1875-2024 Disnemi Kurakik Analizi

SPEI Deger

Gorsel 4. Samsun, Ordu, Tokat istasyonunda Orta Siireli Kurakhk Kosullarinin Zamansal Degisimi:
SPEI- 6(1975-2024)

3.4.Dokuz Aylik Sonuglar

Samsun SPEI-9 sonuclarina gore asir1 kuraklik kosullar1 2001, 2014, 2020, 2021, 2024
yillarinda tespit edilmistir. En diisik SPEI-9 degeri 2021 yili Ocak ayinda -2.42 olarak
hesaplanmistir. Asir1 yagislt donemler 1997, 2004, 2013, 2023 yillarinda gergeklesmis olup en
yuksek SPEI-9 degeri 2023 yil1 Ekim ayinda 2.47 olarak hesaplanmistir

Ordu SPEI-9 sonuglarma goére asirt kuraklik kosullart 1989, 2000, 2001, 2011, 2017, 2024
yillarinda tespit edilmistir. En diisiik SPEI-9 degeri 1989 yili Agustos ayinda -2.33 olarak
hesaplanmistir.Asir1 yagisli donemler 1976, 1987, 1988, 2011, 2012 yillarinda tespit
edilmistir.En diigiik SPEI-9 degeri 2012 y1l1 Nisan ayinda 2.33 olarak hesaplanmustir.

Tokat SPEI-9 sonuglarina gore asir1 kuraklik kosullar1 2014, 2020, 2021, 2024 yillarinda tespit
edilmistir. En diisiik SPEI-9 degeri 2021 yili Mayis ayinda -2.13 olarak hesaplanmistir.Asiri
nemli yillar 1993, 2009 yillarinda tespit edilmistir.En diisiik SPEI-9 degeri 2009 yili Eyliil
ayinda 2.42 olarak hesaplanmistir.
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9-Aylik SPEI (Hidrolojik Kuraklik)
Samsun (17030} Istasyonu - 1975-2024 Donemi Kuraklik Analizi
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Gorsel 5. Samsun, Ordu, Tokat istasyonunda Orta Siireli Kuraklik Kosullarinin Zamansal Degisimi:
SPEI-9 (1975-2024)

3.5.0n Iki Yillik Sonuglar

Samsun SPEI-12 sonuglarinda gore asir1 kuraklik kosullart 2021, 2024, 2025 yillarinda tespit
edilmistir. En diisiik SPEI-12 degeri 2021 y1li Ocak ayinda -2.37 olarak hesaplanmistir. Asirt
nemli yillar 2004, 2005, 2022, 2023, 2025 yillarinda gergeklesmis olup en yiiksek SPEI-12
degeri 2004 y1l1 Agustos ayinda 2.49 olarak hesaplanmustir.

Ordu SPEI-12 sonuglarina gore asir1 kuraklik kosullar1 2001, 2017, 2024 yillarinda tespit
edilmistir. En diisiik SPEI-12 degeri 2017 yil1 Aralik ayinda -2.22 olarak hesaplanmistir. Asiri
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nemli yillar 1988, 2010, 2011, 2012, 2016 yillarinda ger¢eklesmis olup en yiiksek SPEI-12
degeri 2016 yil1 Eyliil ayinda 2.33 olarak hesaplanmustir.
Tokat SPEI-12 sonuglarina gore asir1 kuraklik kosullar1 2021 yillina gergeklesmistir. En diisiik

SPEI-12 degeri 2021 yili Subat ayinda -2.03 olarak hesaplanmistir. Asirt nemli yillar 1988,
1993, 2009 yillarinda gergeklesmis olup en yliksek SPEI-12 degeri 2009 yili Agustos ayinda

2.18 olarak hesaplanmuistir.

12-Ayhik SPEI (Yillik Kuraklik)
Samsun (17030) Istasyonu - 1975-2024 Dénemi Kurakik Analizi
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Gorsel 6. Samsun, Ordu, Tokat istasyonunda Uzun Siireli Kuraklik Kosullarinin Zamansal Degisimi:

SPEI-12 (1975-2024)
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3.6.Yirmi Dort Yillik Sonuglar

Samsun SPEI-24 sonuglarina gore asirt kuraklik kosullart 2020, 2021 yillarinda tespit
edilmistir. En diisiik SPEI-24 degeri 2021 y1l1 Ocak ayinda -2.32 olarak hesaplanmistir. Asiri
nemli donemler 2005, 2006, 2023 yillarinda ger¢eklesmis olup en yiiksek SPEI-24 degeri 2005
yilt Agustos ayinda 2.31 olarak hesaplanmistir.

Ordu SPEI-24 sonuglaria gore asir1 kuraklik kosullar1 2018, 2025 yillarinda tespit edilmistir.
En diisiik SPEI-24 degeri 2018 yili Aralik ayinda -2.03 olarak hesaplanmistir. Asirt nemli
donem 2023 yilinda ger¢eklesmis olup en yiiksek SPEI-24 degeri Temmuz ayinda 2.02 olarak
hesaplanmustir.

Tokat SPEI-24 sonuglarina gore asir1 kuraklik kosullart yoktur. Asirt nemli donemler 1988,
1991, 1993 yillarinda gergeklesmis olup en yiiksek SPEI-24 degeri 1988 y1l1 Aralik ayinda 2.13

olarak hesaplanmuigtir.

24-Ayhk SPEI (Uzun Donemli Kuraklik)
Samsun (17030) Istasyonu - 1975-2024 Dénemi Kuraklik Analizi
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24-Aylik SPEI (Uzun Dénemli Kuraklik)
Tokat (17086) Istasyonu - 1875-2024 Dénemi Kuraklik Analizi
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Gorsel 7. Samsun, Ordu, Tokat istasyonunda uzun siireli kuraklik kosullarinin zamansal degisimi:
SPEI-24 (1975-2024)

4. SONUC VE DEGERLENDIRME

Bu c¢aligma kapsaminda Orta Karadeniz Bolgesi’nin iklimsel karakteristigini temsil eden
Samsun, Ordu ve Tokat istasyonlarinin 1975-2024 dénemine ait 50 yillik hidroklimatik verileri,
cok zaman Olcekli SPEI yontemi ile analiz edilmistir. Elde edilen bulgular, bélgenin kuraklik
yapisinin sadece meteorolojik bir sapma olmadigini, sicaklik artiglartyla tetiklenen birikimli bir
su biitcesi krizine doniistiigiinii ortaya koymaktadir.

Arastirma sonuglaria gore; 1994, 2007, 2014 ve ozellikle 2020-2021 yillari, her ti¢ ilde de
kurakligin es zamanli olarak "asir1" seviyelere ulastigi kriz donemleri olarak belirlenmistir. Bu
senkronizasyon, kurakligin yerel bir olaydan ziyade bolgesel bir iklimsel sapmaya doniistiigiinii
ispatlamaktadir. Ozellikle 2021 yili, SPEI-12 ve SPEI-24 dlgeklerinde goriildiigii iizere, hem
kiy1 hem de i¢ kesimler i¢in son 20 yilin en diisiik su biitcesi degerlerini temsil eden bir "kirilma
yili" olmustur.

Calismanin en carpict bulgusu, istasyonlar arasindaki nemli donemlerin kaybi {izerine
gozlemlenen zithiktir.

Kiy1 Seridi (Samsun ve Ordu): Bu istasyonlarda ekstrem kuraklik periyotlarinin ardindan
ekstrem nemli dénemlerin (Orn: 2023 yilinda Ordu'da kaydedilen 3.14'lik SPEI-3 rekoru)
yasanmasl, kiy1 kusaginda iklimsel degiskenligin arttigin1 gostermektedir.

I¢ Kesim (Tokat): Tokat istasyonunda uzun vadeli birikimli nemli donemlerin (SPEI-24) 1988-
1993 yillar1 arasinda kalmasi ve son 30 yildir benzer bir su kazanimimin yagsanmamasi, i¢
kesimlerdeki hidrolojik sistemin kendini yenileme kapasitesini yitirdigini bilimsel olarak
dogrulamaktadir. Tokat'ta kuraklik, "asir1" siddetten ziyade "kronik ve kalict" bir su agig1
formuna biirtinmiistiir.

Sonug olarak, geleneksel olarak "nemli" ve "su zengini" kabul edilen Orta Karadeniz kusaginda,
artan sicakliklarin yarattig1 evapotranspirasyon baskisi, yagisin sagladi§i nem avantajini
giderek azaltmaktadir. SPEI analizleri, bolgedeki kuraklik riskinin temel itici giiciliniin sadece
yagis azlig1 degil, yiikselen sicakliklar oldugu saptanmastir.
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Bu bulgular 15181nda;

1. Bolgesel tarimsal planlamanin, 6zellikle Samsun ve Tokat'ta artan ilkbahar/yaz
kuraklig1 riskine gore revize edilmesi,

2. Ig kesimlerde (Tokat) 30 yildir siiregelen birikimli su a¢131 nedeniyle yeralt1 suyu
kullaniminin stratejik olarak kisitlanmasi,

3. Karadeniz kiyi seridinde dahi uzun vadeli hidrolojik kuraklagsma riskinin ciddiyetle ele
alinarak su giivenligi protokollerinin olusturulmasi dnerilmektedir.

Bu caligma, Orta Karadeniz’in gelecekteki su yonetimi senaryolari i¢in kapsamli bir bilimsel
altlik sunmakta ve sicaklik kaynakli kuraklasma sinyallerinin ciddiyetini ortaya koymaktadir.
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NONLINEAR DYNAMICAL SYSTEMS ANALYSIS FOR PREDICTING
IRREGULAR OSCILLATIONS IN ENGINEERING APPLICATIONS

Prof. Dr. Reza Ahmadi, Mohammad Jafari, Fatemeh Karimi
Faculty of Engineering, Department of Mathematics, University of Tehran, Iran

Assoc. Prof. Dr. Sara Hosseini, Ali Rezaei
Faculty of Engineering, Department of Applied Mathematics, Sharif University of
Technology, Iran

ABSTRACT

This study investigates the use of nonlinear dynamical systems as a mathematical framework
for understanding and predicting irregular oscillations in engineering applications. Many
engineering processes, including mechanical vibration, electrical circuits, fluid motion, and
structural response, exhibit complex time-dependent behavior that cannot be adequately
explained by linear models. In this context, nonlinear dynamics offers a more realistic approach
for analyzing instability, bifurcation, and chaotic motion.

The study is based on a conceptual and analytical review of nonlinear system theory, with
emphasis on differential equations, phase-space behavior, attractor structures, and sensitivity to
initial conditions. The discussion highlights how irregular oscillations emerge in systems
exposed to external forcing, feedback loops, or parameter variations. It also examines the
practical value of mathematical tools such as stability analysis, Lyapunov behavior, and
numerical simulation in identifying patterns that may be hidden in conventional time-series
observation.

The findings suggest that nonlinear dynamical analysis is especially useful for anticipating
failure conditions, improving control strategies, and supporting the design of more reliable
engineering systems. Rather than treating oscillation as random disturbance, the approach
interprets it as a structured phenomenon governed by underlying mathematical rules. This
perspective is valuable in fields such as mechanical engineering, power systems, and industrial
automation, where early detection of irregular behavior can prevent performance loss and
technical damage.

The study concludes that nonlinear dynamical systems provide an essential theoretical basis for
predicting complex oscillatory behavior in engineering. Their application strengthens both
diagnostic accuracy and system stability, making them an important tool for future engineering
analysis and design.

Key words: nonlinear dynamics, irregular oscillations, engineering systems, stability analysis,
chaos theory
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FRACTIONAL CALCULUS MODELS FOR OPTIMIZING HEAT TRANSFER
PROCESSES IN INDUSTRIAL SYSTEMS

Leila Bahrami
Faculty of Mechanical Engineering, Isfahan University of Technology, Iran

ABSTRACT

This paper examines the application of fractional calculus models in optimizing heat transfer
processes within industrial systems. Classical heat conduction models often rely on integer-
order differential equations, which may not fully represent memory effects, anomalous
diffusion, and non-local thermal behavior in complex materials. Fractional calculus provides a
flexible mathematical framework that better captures these characteristics and improves the
realism of thermal analysis.

The study reviews the theoretical foundations of fractional differential equations and discusses
their relevance to engineering heat transfer problems. Particular attention is given to the
modeling of thermal processes in composite materials, porous media, and systems with delayed
response behavior. The analysis shows that fractional-order models are capable of describing
temperature distribution and heat propagation more accurately than standard formulations when
material heterogeneity and memory-dependent effects are present.

The paper also emphasizes the practical value of fractional models in industrial settings where
energy efficiency, temperature control, and process stability are essential. By using fractional
operators, engineers can design more responsive and adaptable thermal systems, especially in
manufacturing environments where heat exchange must be carefully regulated. The study
argues that such models are not only mathematically sophisticated but also highly relevant for
improving performance in real industrial applications.

The findings suggest that fractional calculus can serve as a powerful tool for optimizing heat
transfer design and analysis. Its use may contribute to better prediction, improved control, and
more efficient energy utilization across a wide range of industrial systems.

Key words: fractional calculus, heat transfer, industrial systems, thermal modeling, anomalous
diffusion
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GRAPH THEORY APPLICATIONS IN QATARI SMART CITY NETWORK
OPTIMIZATION PROBLEMS

Dr. Khalid Al-Mansoori, Fatima Rahman, Noor Saeed
College of Engineering, Qatar University, Qatar

ABSTRACT

This study explores the application of graph theory to network optimization problems in Qatari
smart city planning. As Qatar continues to expand its urban infrastructure and digital
governance systems, efficient network design has become central to mobility, service delivery,
and spatial coordination. Graph theory provides a structured way to represent and analyze urban
systems through nodes, edges, weights, and connectivity patterns.

The paper focuses on the use of graph-based methods in transportation networks, utility
systems, communication infrastructure, and spatial service distribution. It explains how graph
representation makes it possible to identify bottlenecks, optimize routes, improve connectivity,
and evaluate the resilience of urban systems. The analysis further shows that graph theory is
especially useful in smart city environments, where data-driven planning requires flexible
models capable of handling large and interdependent networks.

The study also discusses the importance of algorithmic tools derived from graph theory, such
as shortest path analysis, minimum spanning structures, and flow optimization. These tools
support urban planners in improving system efficiency while maintaining scalability and
sustainability. In the case of Qatar, where rapid development and smart city ambitions intersect,
graph-theoretic approaches can contribute to better integration between technological
innovation and urban form.

The findings suggest that graph theory is not only a mathematical abstraction but also a practical
framework for solving real planning problems in smart cities. The paper concludes that its use
can strengthen Qatar’s urban network design and support more efficient, resilient, and
sustainable metropolitan systems.

Key words: graph theory, smart city, network optimization, urban planning, Qatar
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STOCHASTIC PROCESSES MODELING FOR FINANCIAL RISK ASSESSMENT IN
EMERGING GULF MARKETS

Prof. Dr. Ahmed Al-Ketbi, Hana Al-Din, Omar Faisal
Faculty of Economics and Administrative Sciences, United Arab Emirates University, United
Arab Emirates

ABSTRACT

This paper investigates the use of stochastic processes in financial risk assessment within
emerging Gulf markets. Financial systems in the Gulf region are increasingly influenced by
global capital flows, commodity price fluctuations, and institutional transitions, making risk
prediction a critical concern for investors, policymakers, and financial institutions. Stochastic
modeling offers a mathematically rigorous way to describe uncertainty, volatility, and dynamic
market behavior.

The study reviews the conceptual foundations of stochastic processes and their relevance to
financial analysis. It highlights how random motion models, diffusion processes, and
probabilistic forecasting can be used to examine asset price variation, market shocks, and
uncertainty in investment environments. The discussion also emphasizes the role of stochastic
methods in capturing the time-dependent nature of risk more effectively than static financial
models.

The findings indicate that stochastic approaches are especially valuable in emerging markets
where uncertainty is structurally embedded in market behavior. They allow analysts to better
understand volatility clustering, extreme events, and systemic vulnerability. In Gulf markets,
such models can support improved portfolio management, regulatory monitoring, and stress
testing. The study argues that financial risk assessment should increasingly rely on probabilistic
tools that account for dynamic fluctuations rather than assuming stable conditions.

The paper concludes that stochastic processes provide a strong theoretical and practical
foundation for financial risk assessment in the Gulf region. Their application can enhance
decision-making and contribute to more resilient and adaptive financial systems.

Key words: stochastic processes, financial risk, Gulf markets, volatility, uncertainty modeling
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DIFFERENTIAL EQUATIONS SOLUTIONS FOR POPULATION DYNAMICS IN
SENEGALESE ECOSYSTEMS

Assoc. Prof. Dr. Amadou Ndiaye, Fatou Sow, Moustapha Diop
Faculty of Science and Technology, Cheikh Anta Diop University, Senegal

ABSTRACT

This study examines the use of differential equations in modeling population dynamics within
Senegalese ecosystems. Population change in ecological systems is influenced by birth rates,
mortality, migration, resource availability, and environmental stress. Differential equations
offer a valuable framework for representing these interacting forces and for analyzing how
populations evolve over time under changing ecological conditions.

The paper reviews the mathematical basis of population models, including growth equations,
predator-prey systems, and interaction dynamics among species. It emphasizes how differential
equations can capture both stable and unstable behaviors in ecological populations. Through
this approach, researchers can examine long-term trends, identify thresholds of ecological
imbalance, and better understand the effects of environmental pressure on biodiversity and
habitat sustainability.

The study also points out the practical relevance of these models for environmental planning
and conservation in Senegal. In ecosystems affected by climate variation, land use change, and
human activity, population models can support better resource management and ecological
forecasting. The findings suggest that mathematical modeling is useful not only for theoretical
ecology but also for practical environmental governance.

The paper concludes that differential equations provide an effective tool for understanding
population dynamics in Senegalese ecosystems. Their application contributes to ecological
prediction, conservation planning, and the sustainable management of natural resources.

Key words: differential equations, population dynamics, Senegalese ecosystems, ecological
modeling, conservation
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NUMERICAL METHODS FOR SOLVING PARTIAL DIFFERENTIAL EQUATIONS
IN COASTAL EROSION STUDIES

Dr. Aissatou Diallo, Ibrahima Kane
Faculty of Science and Technology, University of Saint-Louis, Senegal

ABSTRACT

This research investigates numerical methods for solving partial differential equations in the
study of coastal erosion. Coastal erosion is a complex geophysical process shaped by waves,
currents, sediment transport, and climate-driven shoreline change. Because these processes are
difficult to describe analytically, numerical modeling becomes an essential tool for
understanding erosion dynamics and forecasting coastal transformation.

The paper examines the role of finite difference, finite element, and related computational
methods in approximating the behavior of partial differential equations used in coastal studies.
It discusses how numerical approaches make it possible to simulate shoreline movement,
sediment redistribution, and erosion patterns over time. The analysis also emphasizes the
importance of model stability, accuracy, and computational efficiency when dealing with real-
world coastal environments.

The findings show that numerical methods are particularly useful for coastal zones facing
environmental pressure from sea-level rise, storm activity, and human intervention. By
combining mathematical modeling with environmental data, researchers can produce more
reliable predictions and support coastal planning decisions. The study argues that these tools
are important for both scientific understanding and practical risk management.

The paper concludes that numerical methods play a central role in coastal erosion research by
translating complex differential equations into usable simulation models. Their continued
development is essential for improving prediction, mitigation, and adaptation strategies in
vulnerable shoreline regions.

Key words: numerical methods, partial differential equations, coastal erosion, shoreline
modeling, computational simulation
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TOPOLOGICAL DATA ANALYSIS FOR ETHIOPIAN AGRICULTURAL CROP
YIELD PREDICTION MODELS

Prof. Dr. Tadesse Alemu, Meron Getachew, Dawit Yohannes
College of Natural Sciences, Addis Ababa University, Ethiopia

ABSTRACT

This study explores the use of topological data analysis in agricultural crop yield prediction
models for Ethiopia. Agricultural systems are influenced by a wide range of variables, including
rainfall patterns, soil properties, elevation, temperature, and farming practices. Traditional
statistical methods may struggle to represent the hidden structure of such complex data, whereas
topological data analysis offers a way to reveal patterns, relationships, and geometric features
within large datasets.

The paper reviews the conceptual basis of topological data analysis and its relevance for
agricultural modeling. It shows how topological methods can help identify meaningful
structures in crop-related data, especially when variables interact in non-linear and spatially
complex ways. The study also highlights the potential of this approach for improving yield
prediction by capturing data shapes that may not be visible through conventional analytical
techniques.

The findings suggest that topological analysis can contribute to more robust and interpretable
crop yield models for Ethiopian agriculture. In a context where food security and climate
variability are major concerns, such models may support better decision-making for farmers,
planners, and agricultural researchers. The study argues that data-driven agricultural forecasting
should move beyond simple correlation and incorporate more advanced mathematical tools.

The paper concludes that topological data analysis represents a promising framework for
agricultural prediction in Ethiopia. Its use can strengthen the understanding of crop dynamics
and support more resilient and sustainable agricultural planning.

Key words: topological data analysis, crop yield prediction, Ethiopian agriculture, data
modeling, agricultural forecasting
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FUZZY LOGIC SYSTEMS FOR OPTIMIZING WATER RESOURCE
MANAGEMENT IN ETHIOPIAN HIGHLANDS

Assoc. Prof. Dr. Selamawit Tesfaye, Abel Fikadu, Liya Berhanu
Faculty of Water Resource Engineering, Mekelle University, Ethiopia

ABSTRACT

This paper examines fuzzy logic systems as a decision-support tool for optimizing water
resource management in the Ethiopian highlands. Water allocation in this region is shaped by
seasonal variability, competing user demands, rainfall uncertainty, and limited infrastructure.
Because these conditions are often difficult to express through fixed or binary rules, fuzzy logic
offers a flexible framework for handling ambiguity and supporting more adaptive planning.

The study discusses the theoretical foundations of fuzzy sets, membership functions, and
inference systems, and explains their relevance to water management decisions. It highlights
how fuzzy models can integrate qualitative judgments with quantitative data to evaluate
competing priorities such as irrigation, domestic supply, and environmental protection. The
analysis shows that fuzzy systems are particularly useful in areas where hydrological
information is incomplete or uncertain.

The findings indicate that fuzzy logic can improve decision-making by representing real-world
complexity in a more realistic way than rigid numerical models. In the Ethiopian highlands, this
can support reservoir operation, allocation planning, drought response, and equitable
distribution of water resources. The study argues that effective water governance requires tools
that can adapt to uncertainty while remaining understandable to planners and local stakeholders.

The paper concludes that fuzzy logic systems offer a valuable approach to water resource
management in environmentally and socially complex settings. Their use can contribute to more
balanced, transparent, and sustainable water decisions.

Key words: fuzzy logic, water resource management, Ethiopian highlands, decision support,
uncertainty
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COMBINATORIAL OPTIMIZATION ALGORITHMS FOR ETHIOPIAN
TRANSPORTATION NETWORK DESIGN

Dr. Fitsum Assefa, Nigusie Belay, Eyerusalem Tadesse
Faculty of Computer Science and Engineering, Addis Ababa Institute of Technology, Ethiopia

ABSTRACT

This study investigates combinatorial optimization algorithms for transportation network
design in Ethiopia. Transportation systems are essential for regional connectivity, economic
integration, and access to services, yet they often face challenges related to route inefficiency,
uneven infrastructure distribution, and increasing demand. Combinatorial optimization
provides a mathematical framework for designing more efficient, cost-effective, and resilient
transportation networks.

The paper reviews major optimization methods such as network flow models, shortest path
procedures, and location-allocation strategies, explaining their usefulness in transportation
planning. It emphasizes that combinatorial approaches are particularly suited to complex
network problems where multiple constraints, competing objectives, and spatial dependencies
must be considered simultaneously. The study also discusses the role of algorithmic decision-
making in improving route selection, hub placement, and service coverage.

The findings show that optimization algorithms can help planners reduce congestion, improve
accessibility, and allocate transportation resources more effectively. In the Ethiopian context,
such tools are valuable for supporting national development goals, especially in regions where
infrastructure expansion must be carefully prioritized. The paper argues that transportation
design should be guided not only by engineering requirements but also by broader economic
and social considerations.

The study concludes that combinatorial optimization offers a strong analytical basis for
transportation network planning in Ethiopia. Its application can enhance system efficiency,
improve connectivity, and support sustainable infrastructure development.

Key words: combinatorial optimization, transportation networks, Ethiopia, network design,
algorithmic planning
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DEEP LEARNING MODELS FOR PERSIAN HANDWRITING RECOGNITION IN
HISTORICAL ARCHIVES

Prof. Dr. Reza Jalali, Soraya Mahmoudi, Ali Karimi, Fatemeh Hosseini
Faculty of Computer Engineering and Information Technology, University of Tehran, Iran

ABSTRACT

This study examines the application of deep learning models to Persian handwriting recognition
in historical archives, with a particular emphasis on improving the accessibility, preservation,
and analysis of manuscript collections. Persian archival materials contain a rich cultural and
linguistic heritage, yet their handwritten nature, stylistic variation, and physical deterioration
create substantial barriers to traditional transcription methods. The research investigates how
modern recognition systems can support scholars in reading, classifying, and digitizing archival
documents more efficiently and accurately.

The study is based on a conceptual and methodological review of deep learning approaches
commonly used in handwritten text recognition, including convolutional and recurrent neural
network structures, as well as more recent attention-based architectures. It discusses the specific
challenges of Persian script, such as contextual letter shaping, ligatures, variation in
penmanship, and degradation in historical documents. The findings show that deep learning
methods are particularly valuable in handling these complexities because they can learn visual
patterns directly from data and adapt to non-standardized writing styles.

The paper also emphasizes the importance of training data quality, model generalization, and
domain adaptation when working with archival manuscripts. It argues that successful
recognition systems require a balance between technical performance and historical sensitivity,
since preservation contexts demand both accuracy and interpretability. The study concludes
that deep learning offers strong potential for transforming Persian manuscript processing,
supporting digital humanities research, and expanding access to archival knowledge. By linking
computational methods with cultural heritage preservation, this research highlights a promising
direction for future work in document analysis and historical scholarship.

Key words: deep learning, Persian handwriting, archival documents, text recognition, digital
humanities
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FEDERATED LEARNING FRAMEWORKS FOR PRIVACY-PRESERVING
MEDICAL IMAGE ANALYSIS IN IRAN

Assoc. Prof. Dr. Hassan Tavakoli, Leila Ahmadi, Mohammad Rezaei
Faculty of Biomedical Engineering, Sharif University of Technology, Iran

ABSTRACT

This paper explores federated learning frameworks for privacy-preserving medical image
analysis in Iran, where the need for advanced artificial intelligence tools increasingly intersects
with strict concerns about patient confidentiality and data security. Medical imaging plays a
central role in diagnosis and clinical decision-making, but the centralized collection of hospital
data often raises legal, ethical, and technical challenges. Federated learning offers an alternative
approach by allowing model training across distributed institutions without transferring raw
patient data to a central server.

The study reviews the conceptual foundations of federated learning and its relevance to medical
imaging applications such as radiology, pathology, and diagnostic screening. It discusses how
this approach can support collaboration among hospitals while maintaining the privacy of
sensitive information. The analysis also highlights major implementation issues, including
heterogeneity across datasets, communication costs, network reliability, and model
convergence in medically diverse settings. These factors are particularly relevant in Iran, where
healthcare institutions vary widely in technical capacity and infrastructure.

The findings suggest that federated learning can strengthen both medical innovation and ethical
compliance when it is supported by robust governance, transparent protocols, and interoperable
systems. The paper argues that such frameworks are especially valuable for building national-
scale Al tools in healthcare without compromising patient trust. It concludes that privacy-
preserving machine learning can contribute to more equitable access to advanced diagnostics,
provided that technical development is accompanied by regulatory clarity and institutional
coordination. The study positions federated learning as an important direction for the future of
medical Al in contexts where data protection remains a core priority.

Key words: federated learning, medical imaging, privacy preservation, healthcare Al, Iran
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AlI-DRIVEN TRAFFIC MANAGEMENT SYSTEMS FOR DOHA SMART CITY
INFRASTRUCTURE

Dr. Khalid Al-Mansoori, Fatima Rahman, Noor Al-Hashimi
Faculty of Engineering, Qatar University, Qatar

ABSTRACT

This study investigates Al-driven traffic management systems as a strategic component of smart
city infrastructure in Doha. As urban mobility becomes increasingly complex due to population
growth, private vehicle dependence, and expanding metropolitan activity, traffic congestion has
emerged as a major challenge for sustainable urban development. The research examines how
artificial intelligence can improve traffic flow, reduce delays, and support more responsive
urban transport management in a rapidly developing Gulf city.

The paper draws on smart city planning literature, urban transport studies, and recent
developments in machine learning-based mobility systems. It highlights the potential of Al
tools to process real-time traffic data, predict congestion patterns, and optimize signal timing
across key urban corridors. The findings suggest that intelligent transport systems can improve
operational efficiency while also contributing to environmental sustainability through reduced
fuel consumption and lower emissions. In addition, Al-based systems can support emergency
routing, public transport coordination, and adaptive traffic control in complex urban
environments.

The study also considers the institutional and technical conditions necessary for effective
implementation. It argues that successful adoption depends on integrated data platforms,
reliable sensor networks, inter-agency cooperation, and long-term urban planning vision. In
Doha, smart traffic management should be embedded within broader development strategies
that connect mobility with digital governance and quality of life. The research concludes that
Al-based traffic systems offer significant promise for improving infrastructure performance and
supporting the smart city goals of the Qatari urban agenda.

Key words: artificial intelligence, traffic management, smart city, Doha, urban mobility
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NATURAL LANGUAGE PROCESSING FOR ARABIC DIALECT SENTIMENT
ANALYSIS IN QATAR

Prof. Dr. Ahmed Al-Ketbi, Sara Hassan, Omar Salem
Faculty of Computing and Information Technology, University of Qatar, Qatar

ABSTRACT

This study explores the use of natural language processing for Arabic dialect sentiment analysis
in Qatar, where linguistic variation creates major challenges for automated text interpretation.
Social media, public communication, and digital platforms in the region are characterized by
frequent shifts between standard Arabic and local dialect forms, making sentiment detection
more complex than in monolingual or standardized contexts. The research examines how NLP
methods can be adapted to better capture opinion, emotion, and stance in dialect-rich Arabic
data.

The paper reviews current approaches in text preprocessing, tokenization, classification, and
language modeling, with particular attention to dialect identification and semantic ambiguity.
It discusses the advantages and limitations of machine learning and deep learning techniques
for analyzing user-generated content in Qatari Arabic. The findings indicate that sentiment
models perform more effectively when they are trained with dialect-specific data and supported
by culturally informed linguistic resources. The study also highlights the importance of
handling code-switching, informal spelling, and context-dependent expressions that are
common in digital Arabic communication.

The research argues that Arabic dialect sentiment analysis has practical value for public opinion
studies, service evaluation, media monitoring, and policy analysis. It concludes that NLP
systems must be designed with regional linguistic diversity in mind if they are to provide
accurate and meaningful results. In the Qatari context, such tools can contribute to more
responsive digital governance and more nuanced understanding of online discourse.

Key words: natural language processing, sentiment analysis, Arabic dialects, Qatar,
computational linguistics
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MACHINE LEARNING APPLICATIONS FOR CROP YIELD PREDICTION IN
SENEGALESE PEANUT FARMS

Assoc. Prof. Dr. Awa Diop, Mamadou Ndiaye, Fatou Sow
Faculty of Agriculture, Cheikh Anta Diop University, Senegal

ABSTRACT

This study examines the application of machine learning techniques for crop yield prediction
in Senegalese peanut farms, where agricultural planning depends heavily on climate variability,
soil conditions, and cultivation practices. Peanut production remains an essential part of rural
livelihoods and national agricultural output, yet yield uncertainty continues to limit farm-level
decision-making and broader food system stability. The research explores how data-driven
forecasting models can improve prediction accuracy and support better agricultural
management.

The paper draws on agricultural informatics literature, precision farming studies, and recent
machine learning applications in crop science. It focuses on how variables such as rainfall
patterns, temperature, soil quality, and planting practices can be integrated into predictive
frameworks. The findings suggest that machine learning models can provide more adaptive and
context-sensitive yield estimates than conventional linear approaches, especially when
historical and environmental data are combined. The study also emphasizes the importance of
data quality, feature selection, and local calibration in improving model reliability.

The research argues that crop prediction systems are most useful when they are embedded in
practical farming support structures, including extension services, advisory platforms, and
climate monitoring tools. In the Senegalese context, such systems may help farmers plan inputs
more efficiently and reduce vulnerability to uncertainty. The study concludes that machine
learning offers a strong methodological basis for improving agricultural forecasting and
strengthening the resilience of peanut-based farming systems in West Africa.

Key words: machine learning, crop yield prediction, peanut farming, Senegal, precision
agriculture
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COMPUTER VISION SYSTEMS FOR WILDLIFE MONITORING IN SENEGAL
NATIONAL PARKS

Dr. Cheikh Thiam, Aminata Diallo, Ibrahima Ba
Institute of Environmental Sciences, University of Dakar, Senegal

ABSTRACT

This study investigates the use of computer vision systems for wildlife monitoring in Senegal
national parks, where biodiversity protection depends on efficient observation, species
identification, and habitat management. Traditional monitoring methods are often labor-
intensive and limited in scale, while automated visual analysis offers new opportunities for
conservation research and environmental governance. The paper explores how computer vision
can support the detection, classification, and tracking of wildlife in protected ecosystems.

The study reviews current developments in image recognition, object detection, and automated
ecological monitoring. It highlights the potential of camera traps, drone imagery, and video
analytics in improving conservation practices. The findings indicate that computer vision can
enhance the consistency and reach of wildlife observation, especially in large or difficult-to-
access park areas. It also supports the early identification of species movement, population
changes, and human-animal conflict risks. However, the study notes that technical accuracy
depends on image quality, training data diversity, and adaptation to environmental conditions
such as lighting, vegetation, and motion.

The research argues that computer vision should be considered part of a broader conservation
strategy rather than a standalone solution. Effective implementation requires collaboration
between ecologists, park authorities, and data scientists. The study concludes that automated
visual monitoring can strengthen biodiversity management in Senegal by improving scientific
evidence, supporting protective action, and reducing the cost of long-term ecological
surveillance.

Key words: computer vision, wildlife monitoring, Senegal, biodiversity conservation, image
recognition
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AI-ENABLED EARLY WARNING SYSTEMS FOR LOCUST SWARMS IN
ETHIOPIAN AGRICULTURE

Prof. Dr. Tadesse Alemu, Eleni Getachew, Dawit Yohannes
Faculty of Agricultural Sciences, Addis Ababa University, Ethiopia

ABSTRACT

This study examines Al-enabled early warning systems for locust swarm prediction in
Ethiopian agriculture, where pest outbreaks pose serious threats to crop productivity and rural
livelihoods. Locust invasions can spread rapidly across large areas, making timely detection
and response essential for minimizing agricultural damage. The research explores how artificial
intelligence can improve forecasting, monitoring, and decision support in pest management
systems.

The paper reviews current methods in remote sensing, environmental modeling, and predictive
analytics, with a focus on their application to locust surveillance. It highlights how satellite
data, weather variables, and land conditions can be combined to identify risk patterns and
anticipate swarm movement. The findings suggest that Al-based systems can improve early
warning capacity by processing large environmental datasets more quickly and identifying
patterns that may be difficult to detect through traditional observation methods. Such systems
can assist agricultural agencies in planning interventions and reducing crop loss.

The study also emphasizes the importance of institutional coordination, reliable data pipelines,
and user-friendly alert mechanisms. It argues that early warning tools must be integrated with
local extension services and emergency response systems to be effective in practice. The paper
concludes that Al-supported locust monitoring offers an important opportunity for
strengthening agricultural resilience in Ethiopia and enhancing preparedness against climate-
sensitive pest threats.

Key words: artificial intelligence, locust warning, Ethiopian agriculture, pest prediction,
remote sensing
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DEEP REINFORCEMENT LEARNING FOR ENERGY OPTIMIZATION IN
ETHIOPIAN RURAL MICROGRIDS

Assoc. Prof. Dr. Selamawit Berhanu, Meron Tesfaye, Abel Girma
Faculty of Electrical and Computer Engineering, Jimma University, Ethiopia

ABSTRACT

This study explores deep reinforcement learning for energy optimization in Ethiopian rural
microgrids, where limited grid access and unstable power supply continue to constrain social
and economic development. Rural microgrids play an increasingly important role in expanding
electrification, but their performance depends on efficient energy distribution, storage
management, and demand balancing. The research investigates how adaptive learning
algorithms can improve operational efficiency and system reliability in decentralized energy
networks.

The paper reviews the foundations of reinforcement learning and its relevance to microgrid
control. It focuses on the ability of deep learning agents to respond to changing energy demand,
renewable generation variability, and battery storage constraints in real time. The findings
suggest that reinforcement learning offers a flexible approach to optimizing power allocation
while reducing waste and enhancing service continuity. It is particularly useful in settings where
conventional rule-based control systems struggle to adapt to unpredictable consumption
patterns.

The study also considers implementation challenges such as data availability, system
complexity, and the need for robust simulation environments. It argues that successful adoption
requires close collaboration between engineers, energy planners, and local stakeholders. The
paper concludes that deep reinforcement learning can contribute meaningfully to sustainable
energy access in rural Ethiopia by supporting smarter microgrid management and improving
the long-term viability of decentralized electricity systems.

Key words: deep reinforcement learning, microgrids, energy optimization, rural electrification,
Ethiopia
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EARTHQUAKE-RESISTANT MASONRY STRUCTURES USING LOCAL
EGYPTIAN CLAY BRICKS

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

ABSTRACT

This study investigates the structural performance of earthquake-resistant masonry systems
constructed with locally produced Egyptian clay bricks. In seismic regions, masonry buildings
remain highly vulnerable because of brittle material behavior, poor workmanship, and
insufficient confinement. The research explores how traditional brick-based construction can
be improved through more suitable structural detailing, better material selection, and design
strategies that respond to local seismic conditions while remaining affordable for widespread
use.

The study is based on a review of architectural and civil engineering literature, with attention
to seismic design principles for unreinforced and partially reinforced masonry. It examines the
properties of local clay bricks in relation to strength, durability, and compatibility with mortar
systems. The analysis also considers how wall geometry, structural bonding, roof connections,
and reinforcement placement influence overall stability during earthquake events. The findings
suggest that locally sourced clay bricks can be used effectively in safer masonry systems when
combined with proper structural confinement and regular load paths.

The paper emphasizes that earthquake resistance is not achieved only through stronger
materials, but through integrated design thinking that links construction practice with hazard
awareness. It argues that Egyptian masonry architecture can remain locally grounded while
adopting modern safety principles. Such an approach is particularly important for low-rise
housing in areas where access to advanced building systems is limited. The study concludes
that improved masonry design using local bricks offers a practical path toward safer and more
resilient housing, especially when supported by technical guidance, building regulations, and
community training.

Key words: earthquake-resistant masonry, clay bricks, seismic design, local materials, resilient
construction
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SUSTAINABLE CONCRETE MIX DESIGNS INCORPORATING NILE RIVER
SEDIMENT WASTE

Assoc. Prof. Dr. Nadia Abdelrahman, Mohamed Salem, Sara EI-Gendy
Faculty of Civil Engineering, Ain Shams University, Egypt

ABSTRACT

This study examines sustainable concrete mix designs incorporating Nile River sediment waste
as a partial replacement material in construction applications. Growing environmental concerns
and the need to reduce dependence on natural aggregates have encouraged research into
alternative materials that can support both structural performance and ecological responsibility.
The research focuses on the potential of sediment waste to contribute to concrete sustainability
without compromising strength, durability, or workability.

The study reviews the physical and chemical characteristics of river sediment waste and
evaluates its suitability for use in concrete production. It highlights how such materials may
improve resource efficiency by reducing the extraction of virgin aggregates and by providing
productive use for waste accumulated along river systems. The analysis also discusses the
importance of particle gradation, impurity control, and mix proportioning in ensuring stable and
durable concrete performance. The findings indicate that properly processed sediment waste
can support environmentally responsible concrete development, particularly in non-structural
and semi-structural applications.

The paper argues that sustainable concrete design should be understood as both a technical and
environmental issue. In the context of Egypt, the use of Nile sediment waste represents an
opportunity to connect construction innovation with ecological management and circular
economy principles. The study concludes that future concrete research should continue to
examine locally available waste materials as part of broader strategies for reducing carbon
intensity, managing natural resources, and promoting sustainable infrastructure development.

Key words: sustainable concrete, sediment waste, Nile River, alternative aggregates, eco-
friendly construction
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BAUGUARD PRE-STRESSED CONCRETE BEAMS FOR HIGHWAY BRIDGE
CONSTRUCTION IN INDIA

Dr. Rajesh Kumar, Priya Sharma, Vikram Singh
Faculty of Engineering and Technology, Indian Institute of Technology Delhi, India

ABSTRACT

This research explores the structural use of Bauguard pre-stressed concrete beams in highway
bridge construction in India. As bridge networks expand across diverse terrains and traffic
conditions, the demand for reliable, durable, and cost-effective structural systems continues to
increase. The study examines how pre-stressed beam technology can improve bridge
performance by increasing load-bearing capacity, controlling deflection, and enhancing long-
term service life.

The paper is based on a review of bridge engineering literature and structural design principles,
with attention to the performance of pre-stressed concrete under traffic loading and
environmental exposure. It discusses the advantages of Bauguard beam systems in relation to
crack resistance, span efficiency, and maintenance reduction. The findings suggest that pre-
stressed beams are especially valuable in highway bridges where structural safety, construction
speed, and durability are essential. The study also considers how standardization and quality
control influence the reliability of beam production and installation.

The research argues that highway bridge design in India must respond to both engineering
requirements and infrastructural pressures. Pre-stressed concrete beams offer a practical
solution for improving bridge construction efficiency while meeting safety expectations in
rapidly developing transport systems. The paper concludes that greater use of well-designed
pre-stressed beam systems can support stronger bridge infrastructure, reduce repair needs, and
contribute to more sustainable transportation development.

Key words: pre-stressed concrete, highway bridges, structural efficiency, durability, bridge
construction
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BAMBOO-REINFORCED LIGHTWEIGHT CONCRETE PANELS FOR RURAL
HOUSING PROJECTS
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ABSTRACT

This study examines bamboo-reinforced lightweight concrete panels as a sustainable building
solution for rural housing projects. In many developing regions, affordable construction
remains a major challenge due to material costs, limited infrastructure, and the need for housing
systems that are both practical and environmentally responsible. The research explores how
bamboo reinforcement can improve the performance of lightweight concrete panels while
supporting local resource use and reducing construction burden.

The paper draws on building material literature and rural housing studies to assess the potential
of bamboo as a reinforcement element in panel systems. It considers bamboo’s strength,
flexibility, availability, and compatibility with lightweight concrete mixtures. The findings
suggest that bamboo-reinforced panels can offer useful thermal performance, lower structural
weight, and improved adaptability for low-rise housing. The study also highlights the
importance of treatment methods, moisture resistance, and connection details in ensuring long-
term durability.

The research argues that rural housing should not be viewed only through the lens of low-cost
construction, but as an opportunity to develop context-sensitive and sustainable building
systems. Bamboo-reinforced lightweight panels may contribute to faster construction, reduced
material consumption, and greater environmental balance when properly designed. The study
concludes that this material system has strong potential for housing projects seeking an effective
combination of affordability, sustainability, and structural practicality.

Key words: bamboo reinforcement, lightweight concrete, rural housing, sustainable materials,
panel systems
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COASTAL EROSION DEFENSE SYSTEMS USING GEOTEXTILE TUBES IN
TIRANA REGION

Assoc. Prof. Dr. Arben Hoxha, Elsa Deda, Liridon Gashi
Faculty of Civil Engineering, Polytechnic University of Tirana, Albania

ABSTRACT

This paper investigates the use of geotextile tube systems as a protective strategy against coastal
erosion in the Tirana region. Coastal areas are increasingly exposed to shoreline retreat, wave
action, and sediment loss, all of which threaten infrastructure, ecosystems, and local
livelihoods. The study examines how geotextile tubes can serve as flexible and adaptive defense
systems in response to these environmental pressures.

The research is based on a review of coastal engineering literature and shoreline protection
approaches, with emphasis on the physical behavior of geotextile structures in erosion-prone
settings. It discusses their role in wave energy reduction, sediment stabilization, and shoreline
reinforcement. The findings indicate that geotextile tube systems can be effective where hard
engineering solutions may be too expensive, visually intrusive, or environmentally disruptive.
Their adaptability and relative ease of installation make them suitable for transitional coastal
landscapes.

The paper also notes that erosion defense should be integrated with broader coastal management
planning rather than treated as an isolated intervention. In the Tirana region, geotextile tubes
may contribute to protecting vulnerable coastlines while allowing space for ecological
processes and long-term adaptation. The study concludes that such systems offer a promising
approach to sustainable coastal protection when combined with regular monitoring,
maintenance, and site-specific design.

Key words: coastal erosion, geotextile tubes, shoreline protection, Tirana region, coastal
engineering
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DEEP FOUNDATION DESIGN OPTIMIZATION FOR TIRANA HIGH-RISE
DEVELOPMENTS

Dr. Fatmir Llagami, Mirela Vaso, Endrit Koci
Faculty of Civil Engineering, University of Tirana, Albania

ABSTRACT

This study focuses on the optimization of deep foundation design for high-rise developments
in Tirana. As the city continues to grow vertically, foundation systems must respond to complex
soil conditions, high structural loads, and increasing demands for safety and efficiency. The
research examines how deep foundation design can be improved to support tall buildings in an
urban context characterized by dense construction and variable ground conditions.

The paper reviews foundation engineering literature and discusses the factors that influence
deep foundation performance, including soil bearing capacity, settlement control, load transfer,
and structural interaction. It highlights the importance of selecting appropriate foundation
systems such as piles, drilled shafts, and combined support methods based on site conditions.
The findings suggest that careful geotechnical assessment and structural coordination are
essential for minimizing risks and improving long-term building stability.

The study argues that foundation optimization is a critical part of sustainable high-rise
development, as it affects both construction cost and structural reliability. In Tirana, efficient
foundation design can help support urban densification while reducing unnecessary material
use and technical risk. The paper concludes that deep foundation systems should be planned
through integrated geotechnical and structural analysis to ensure safer and more resilient
vertical development.

Key words: deep foundations, high-rise buildings, Tirana, geotechnical design, structural
optimization
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SEISMIC RETROFITTING TECHNIQUES FOR EARTHQUAKE-PRONE
MOUNTAIN BUILDINGS IN TAJIKISTAN

Prof. Dr. Farrukh Rahmonov, Dilnoza Ubaidullaeva, Jamshed Mirzayev, Sherzod
Karimov
Faculty of Civil Engineering, Tajik Technical University, Tajikistan

ABSTRACT

This study examines seismic retrofitting techniques for earthquake-prone mountain buildings
in Tajikistan, where steep terrain, traditional construction practices, and strong seismic activity
combine to create substantial structural vulnerability. Many mountain settlements rely on
masonry and stone-based buildings that were developed for climatic comfort rather than
earthquake resistance. As a result, the preservation and upgrading of existing structures have
become essential for protecting both lives and cultural heritage. The study explores how
retrofitting can strengthen these buildings without undermining their architectural identity or
functional use.

The research is based on a review of seismic design literature, mountain construction studies,
and building reinforcement strategies used in similar high-risk regions. It highlights the
importance of lightweight reinforcement, wall strengthening, flexible structural connections,
and roof improvement as key principles for safer retrofitting. The analysis also considers the
need to adapt intervention methods to local materials, labor skills, and economic constraints.
The findings indicate that successful retrofitting in mountainous areas depends on solutions that
are technically effective yet simple enough to be applied in remote settlements.

The study argues that seismic resilience should be approached as both a technical and a social
priority. In Tajikistan, retrofitting strategies must respect traditional forms while increasing
safety and long-term durability. The paper concludes that a combination of engineering
guidance, community training, and policy support is needed to protect vulnerable mountain
buildings and to promote sustainable rural development in earthquake-sensitive regions.

Key words: seismic retrofitting, mountain buildings, earthquake resilience, Tajikistan,
masonry structures
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SUSTAINABLE HYDROPOWER DAM CONSTRUCTION MATERIALS FOR
PAMIR REGION PROJECTS

Assoc. Prof. Dr. Nigora Saidova, Azizullo Nazarov, Gulnoz Boboeva
Faculty of Hydropower Engineering, Tajik National University, Tajikistan

ABSTRACT

This paper investigates sustainable construction materials for hydropower dam projects in the
Pamir region, where extreme altitude, harsh climate, and difficult access conditions place
special demands on infrastructure development. Hydropower remains a major strategic resource
in mountainous Tajikistan, but the long-term performance of dams depends heavily on material
durability, environmental compatibility, and construction feasibility under remote site
conditions. The study examines how sustainable material choices can support both engineering
reliability and ecological responsibility.

The research draws on hydropower engineering literature, sustainable materials studies, and
mountain infrastructure planning. It focuses on locally available aggregates, high-performance
concrete, corrosion-resistant reinforcement, and low-impact construction solutions suited to the
Pamir environment. The analysis suggests that material selection should account not only for
structural strength but also for transport difficulty, freeze-thaw resistance, and long-term
maintenance requirements. The findings show that sustainable dam construction depends on a
balance between technical quality, cost efficiency, and environmental sensitivity.

The paper argues that hydropower development in the Pamir region should be guided by a
material strategy that reduces dependence on imported products while improving local capacity.
It also emphasizes the need for life-cycle thinking in design and construction, since remote dam
sites require solutions that remain stable under severe climatic stress. The study concludes that
sustainable materials can strengthen hydropower resilience, support regional energy
independence, and contribute to broader development goals in mountain areas.

Key words: hydropower dams, sustainable materials, Pamir region, mountain engineering,
concrete durability
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LOW-COST CONCRETE MIX DESIGNS FOR RURAL INFRASTRUCTURE IN
PAKISTANI FLOOD ZONES

Dr. Imran Khalid, Ayesha Rehman, Bilal Aslam, Sana Butt
Faculty of Civil and Environmental Engineering, University of Engineering and Technology,
Pakistan

ABSTRACT

This study explores low-cost concrete mix designs for rural infrastructure in Pakistani flood
zones, where repeated inundation, weak foundation conditions, and limited financial resources
make durable construction difficult. Rural roads, culverts, low-rise buildings, and small
drainage structures often deteriorate quickly because conventional mixes are not well adapted
to local environmental and economic conditions. The research examines how modified concrete
formulations can improve performance while remaining affordable for large-scale rural use.

The paper reviews concrete technology literature, flood-resilient construction practices, and
material optimization studies relevant to developing contexts. It emphasizes the use of locally
available materials, appropriate water-cement balance, supplementary mineral additives, and
mix proportioning methods that enhance workability and resistance to moisture-related damage.
The analysis also highlights the importance of practical construction methods that can be
implemented by local labor without complex equipment.

The findings suggest that low-cost concrete should be understood not simply as cheaper
material, but as a design approach that supports resilience, maintainability, and resource
efficiency. In flood-prone rural Pakistan, infrastructure must withstand repeated exposure to
water while remaining economically accessible to municipalities and communities. The study
concludes that carefully designed concrete mixes can support more durable rural infrastructure,
reduce repair costs, and improve the long-term reliability of public works in vulnerable flood
regions.

Key words: low-cost concrete, rural infrastructure, flood zones, Pakistan, durable construction
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FIBER-REINFORCED POLYMER APPLICATIONS IN KARACHI BRIDGE
REHABILITATION

Prof. Dr. Faisal Naeem, Zainab Qureshi, Omar Siddiqui
Faculty of Civil Engineering, NED University of Engineering and Technology, Pakistan

ABSTRACT

This study examines the use of fiber-reinforced polymer materials in bridge rehabilitation
projects in Karachi, where aging infrastructure, heavy traffic, and environmental exposure have
increased the need for efficient strengthening techniques. Many bridges in the city require repair
or upgrading, but traditional rehabilitation methods can be disruptive, costly, and time-
consuming. The research investigates how fiber-reinforced polymers can offer a practical
alternative for improving structural performance while minimizing construction interruption.

The paper is based on a review of bridge rehabilitation literature and advanced strengthening
techniques, with particular attention to material behavior, bond performance, and durability in
coastal urban conditions. It highlights the advantages of fiber-reinforced polymers, including
high strength-to-weight ratio, corrosion resistance, and ease of application to existing concrete
members. The findings indicate that these materials are especially suitable for bridge
environments exposed to moisture, traffic vibration, and long-term wear.

The study also discusses implementation challenges, including workmanship quality, surface
preparation, and cost considerations. It argues that successful rehabilitation depends on
matching the material system to structural needs and maintenance capacity. In Karachi, where
infrastructure resilience is increasingly important, fiber-reinforced polymer applications can
support longer service life and better asset management. The study concludes that this
technology offers a strong foundation for modern bridge rehabilitation strategies in densely
populated and climate-stressed urban settings.

Key words: fiber-reinforced polymer, bridge rehabilitation, Karachi, structural strengthening,
infrastructure durability
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EARTHQUAKE-RESISTANT MASONRY STRUCTURES FOR TBILISI HISTORIC
DISTRICTS

Assoc. Prof. Dr. Giorgi Tsiklauri, Nino Chikhradze, Levan Beridze, Mariam Kapanadze
Faculty of Architecture, Thilisi State University, Georgia

ABSTRACT

This paper investigates earthquake-resistant masonry structures in the historic districts of
Thilisi, where architectural heritage and seismic vulnerability intersect. Many buildings in the
old urban fabric were constructed before modern seismic standards and therefore require special
strategies to ensure safety without compromising cultural value. The study examines how
masonry structures can be strengthened through sensitive interventions that respect historical
character while improving structural reliability.

The research draws on literature related to seismic retrofitting, heritage conservation, and
masonry engineering. It emphasizes compatible reinforcement methods, improved wall
connections, diaphragm strengthening, and careful restoration planning as key principles for
historic districts. The analysis suggests that interventions must be reversible where possible and
visually unobtrusive, since preservation considerations are central in historic environments. The
findings indicate that successful seismic safety in heritage areas depends on collaboration
between engineers, conservation specialists, and urban authorities.

The study argues that Tbilisi’s historic districts require a balanced approach in which protection
of life and protection of heritage are treated together rather than as competing goals. It
concludes that earthquake-resistant masonry solutions should support both structural
performance and cultural continuity. Such an approach can help safeguard historic urban
identity while reducing disaster risk in one of the city’s most valuable and vulnerable areas.

Key words: earthquake-resistant masonry, historic districts, Thilisi, seismic heritage, structural
conservation
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BASE ISOLATION SYSTEMS DEVELOPMENT FOR BLACK SEA COASTAL
HIGH-RISES IN BATUMI

Dr. Irakli Lomidze, Tamar Gelashvili, Lasha Kvernadze
Faculty of Civil Engineering and Architecture, Batumi Shota Rustaveli State University,
Georgia

ABSTRACT

This study examines the development of base isolation systems for coastal high-rise buildings
in Batumi, where seismic vulnerability and rapid vertical urban growth create important design
challenges. As the city expands along the Black Sea coast, high-rise structures must respond
not only to earthquake risk but also to wind exposure, soil conditions, and long-term durability
demands. The research explores how base isolation can improve structural performance while
supporting safe and flexible urban development.

The paper is based on a review of earthquake engineering literature, coastal building studies,
and performance-based design approaches. It highlights the benefits of base isolation in
reducing seismic force transfer, limiting building deformation, and improving occupant safety
during earthquakes. The analysis also considers the practical issues of cost, maintenance, and
integration with coastal foundation systems. The findings suggest that base isolation is
particularly suitable for high-rise development in cities that combine dense construction with
significant seismic exposure.

The study argues that future tall-building design in Batumi should move toward resilience-
oriented engineering that treats seismic performance as a core urban quality. It concludes that
base isolation systems can contribute to safer coastal growth, especially when combined with
proper site investigation and design coordination. This approach offers an effective pathway for
balancing urban expansion with disaster preparedness in Black Sea metropolitan areas.

Key words: base isolation, high-rise buildings, Batumi, seismic design, coastal resilience
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ENERGY-EFFICIENT BUILDING ENVELOPES FOR CHISINAU WINTER
CLIMATE CONDITIONS

Prof. Dr. lon Cebanu, Maria Popescu, Andrei Lupu, Ecaterina Rusu
Faculty of Urbanism and Architecture, Technical University of Moldova, Moldova

ABSTRACT

This paper explores energy-efficient building envelopes for winter climate conditions in
Chisinau, where prolonged cold seasons and high heating demand place pressure on urban
energy systems. Building envelope performance is a critical factor in reducing energy use,
improving indoor comfort, and lowering operational costs in colder climates. The study
examines how architectural design and material selection can enhance thermal efficiency in
residential and public buildings.

The research draws on literature related to sustainable building design, energy conservation,
and climate-responsive architecture. It focuses on insulation quality, window performance,
airtightness, thermal bridges, and facade composition as major elements affecting winter energy
efficiency. The analysis shows that well-designed envelopes can significantly improve thermal
stability while reducing dependence on external energy input. It also highlights the importance
of building retrofitting in existing urban stock, where many structures were not designed for
contemporary efficiency standards.

The study argues that energy-efficient envelopes should be considered a central part of
sustainable urban development in Chisinau. It emphasizes that technical solutions must be
adapted to local construction practices, affordability constraints, and long-term maintenance
needs. The paper concludes that stronger building envelopes can support both climate
adaptation and energy policy goals, making them a key element in the transition toward more
resilient winter urban environments.

Key words: building envelope, energy efficiency, Chisinau, winter climate, sustainable
architecture
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EARTHQUAKE-RESISTANT TIMBER ARCHITECTURE INNOVATIONS FOR
JAPANESE RURAL REVITALIZATION

Prof. Dr. Hiroshi Tanaka, Kenji Sato, Aiko Nakamura, Yuki Mori
Department of Architecture, Faculty of Engineering, University of Tokyo, Japan

ABSTRACT

This study explores innovative timber-based architectural strategies aimed at enhancing
earthquake resilience while supporting rural revitalization in Japan. With declining populations
and aging infrastructure in rural regions, there is a pressing need for sustainable and culturally
responsive building solutions. Timber, as a traditional and renewable material, offers both
structural flexibility and cultural continuity. The research examines contemporary engineered
wood systems, including cross-laminated timber and hybrid joinery techniques, that improve
seismic performance without compromising architectural identity.

Field observations and design simulations were conducted to evaluate the adaptability of
modular timber systems in rural settlements. The findings indicate that lightweight timber
structures reduce seismic loads and allow for faster reconstruction in post-disaster scenarios.
Additionally, integrating local craftsmanship into modern construction processes contributes to
regional economic recovery and social cohesion. The study also highlights the environmental
benefits of timber, including reduced carbon footprint and improved lifecycle performance.

By combining advanced engineering with vernacular knowledge, the proposed framework
offers a resilient and sustainable approach to rural development. The results suggest that timber
architecture can play a central role in balancing safety, sustainability, and cultural preservation
in earthquake-prone regions.

Keyword: timber architecture, earthquake resilience, rural revitalization
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POST-DISASTER URBAN RECONSTRUCTION FRAMEWORKS IN TOKYO
METROPOLITAN REGION

Assoc. Prof. Dr. Mika Yamamoto, Takeshi Ikeda, Reiko Fujimoto
Department of Urban Planning, Graduate School of Architecture, Waseda University, Japan

ABSTRACT

This research investigates post-disaster urban reconstruction strategies within the Tokyo
metropolitan region, focusing on adaptive frameworks that enhance resilience and long-term
urban sustainability. Tokyo’s vulnerability to seismic events necessitates comprehensive
planning approaches that integrate infrastructure recovery, social stability, and economic
continuity. The study evaluates existing reconstruction models and identifies gaps in
coordination between governmental agencies, communities, and private stakeholders.

Through comparative case analysis and policy review, the research proposes a flexible
reconstruction framework emphasizing phased development, community participation, and
multi-functional land use. Particular attention is given to the role of temporary housing,
infrastructure redundancy, and decentralized urban systems in accelerating recovery processes.
The findings reveal that participatory planning significantly improves community acceptance
and long-term urban resilience.

The proposed model integrates disaster preparedness into everyday urban planning practices,
ensuring that reconstruction efforts contribute to a more adaptive and inclusive urban
environment. This approach supports not only rapid recovery but also the transformation of
urban systems into more resilient and sustainable structures.

Keyword: post-disaster reconstruction, urban resilience, Tokyo
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TROPICAL CLIMATE-ADAPTIVE HOUSING DESIGNS FOR JAKARTA FLOOD-
PRONE DISTRICTS

Dr. Sari Wijaya, Budi Santoso, Lina Pratiwi, Agus Setiawan
Department of Architecture, Faculty of Engineering, University of Indonesia, Indonesia

ABSTRACT

This study addresses the challenges of housing design in flood-prone districts of Jakarta,
focusing on climate-adaptive architectural solutions. Rapid urbanization and climate change
have intensified flooding risks, requiring innovative approaches to residential design. The
research explores elevated housing typologies, permeable materials, and passive ventilation
strategies tailored to tropical conditions.

Field studies and prototype evaluations demonstrate that adaptable housing systems can
significantly reduce flood damage while improving thermal comfort. The integration of raised
structures and water-resistant materials enhances durability, while open-plan layouts support
airflow and reduce indoor heat accumulation. Community-based design approaches also play a
key role in ensuring the practicality and acceptance of these solutions.

The findings suggest that climate-responsive housing can improve living conditions while
minimizing environmental impact. By aligning architectural design with local climate
dynamics, the study contributes to sustainable urban development in flood-prone regions.

Keyword: climate-adaptive design, flood resilience, Jakarta
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CULTURAL HERITAGE CONSERVATION THROUGH SUSTAINABLE TOURISM
ARCHITECTURE IN BALI

Prof. Dr. Nyoman Sujana, | Made Artawa, Dewi Ratna, Rina Kusuma
Department of Architecture, Faculty of Cultural Studies, Udayana University, Indonesia

ABSTRACT

This research examines the role of sustainable tourism architecture in preserving cultural
heritage in Bali. Increasing tourism pressure has led to environmental degradation and cultural
commodification, threatening the island’s identity. The study proposes architectural strategies
that balance tourism development with heritage conservation.

Through site analysis and design evaluation, the research highlights the importance of
integrating traditional Balinese architectural principles with sustainable materials and
construction methods. The findings demonstrate that culturally sensitive design enhances
visitor experience while protecting local traditions and landscapes.

The study emphasizes community involvement and policy support as key factors in achieving
sustainable outcomes. By promoting responsible tourism practices, the proposed framework

contributes to long-term cultural and environmental sustainability.

Keyword: cultural heritage, sustainable tourism, Bali
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MOUNTAIN ECO-ARCHITECTURE MODELS FOR TBILISI SUBURBAN
EXPANSION PROJECTS

Assoc. Prof. Dr. Nino Tsiklauri, Giorgi Beridze, Mariam Kapanadze, Levan Lomidze
Department of Architecture, Faculty of Engineering, Thilisi State University, Georgia

ABSTRACT

This study explores eco-architecture models suitable for mountainous suburban expansion in
Thilisi. Rapid urban growth has led to environmentally sensitive areas being developed without
adequate planning. The research proposes design strategies that respond to topography, climate,
and ecological constraints.

Through case studies and environmental analysis, the study identifies key principles such as
minimal land disturbance, energy efficiency, and integration with natural landscapes. The
findings indicate that eco-sensitive design improves environmental performance while
enhancing quality of life.

The proposed models support sustainable suburban development by aligning architectural
practices with ecological preservation. This approach offers a balanced solution for urban

expansion in mountainous regions.

Keyword: eco-architecture, suburban development, Thilisi
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HISTORIC CITY CENTER REGENERATION USING BIOPHILIC DESIGN
PRINCIPLES IN BATUMI

Dr. Tamar Gelashvili, Irakli Chikhradze, Lasha Kvernadze
Department of Urban Design, Faculty of Architecture, Batumi State University, Georgia

ABSTRACT

This research investigates the application of biophilic design principles in the regeneration of
Batumi’s historic city center. Urbanization has led to the loss of green spaces and reduced
environmental quality. The study explores how integrating natural elements into urban design
can enhance livability and cultural value.

Through design analysis and urban assessment, the research demonstrates that biophilic
interventions improve microclimate conditions and social interaction. The findings highlight
the importance of green infrastructure, natural materials, and human-centered design.

The proposed strategies contribute to the revitalization of historic areas while promoting
sustainability and well-being.

Keyword: biophilic design, urban regeneration, Batumi
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MEDITERRANEAN CLIMATE HOUSING WITH PASSIVE COOLING SYSTEMS
IN BARCELONA

Prof. Dr. Javier Morales, Elena Castillo, Carlos Ruiz, Maria Lopez
Department of Architecture, School of Architecture, Polytechnic University of Catalonia,
Spain

ABSTRACT

This study examines passive cooling strategies in housing design for Mediterranean climates,
focusing on Barcelona. Rising temperatures and energy demand necessitate sustainable cooling
solutions. The research evaluates traditional and modern passive techniques, including shading,
ventilation, and thermal mass.

Simulation and design analysis reveal that passive systems significantly reduce energy
consumption while maintaining indoor comfort. The integration of vernacular design principles
enhances performance and cultural relevance.

The findings support the adoption of passive cooling strategies as a key component of
sustainable housing design in Mediterranean regions.

Keyword: passive cooling, Mediterranean climate, Barcelona
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HIIT TRAINING EFFECTS ON CARDIORESPIRATORY FITNESS IN JAPANESE
MIDDLE-AGED OFFICE WORKERS

Prof. Dr. Hiroshi Tanaka, Dr. Aiko Nakamura, Kenji Sato, Yumi Ikeda
Department of Sports Science, Faculty of Health and Sport Sciences, University of Tsukuba,
Japan

ABSTRACT

This study examines the effects of high-intensity interval training on cardiorespiratory fitness
among Japanese middle-aged office workers. Sedentary work routines and limited physical
activity have increased concerns about declining cardiovascular health in this population. The
research investigates whether a structured interval-based exercise approach can improve
aerobic capacity, heart rate response, and perceived energy levels in a practical workplace-
related setting.

A supervised training program was designed to fit into the daily schedules of office employees
and to encourage adherence without requiring extensive time commitment. The intervention
emphasized alternating bouts of intense effort with short recovery periods, allowing participants
to achieve meaningful physiological stimulation in a manageable format. The study also
considered participant motivation, fatigue, and overall exercise tolerance, since long-term
acceptance is essential for workplace health programs.

Findings suggest that this type of training can support improved cardiovascular efficiency and
may offer a realistic exercise option for busy adults. Beyond physical benefits, the program
appeared to encourage greater awareness of health behaviors and fostered a more active lifestyle
mindset. The results indicate that brief but intensive exercise models can be effective in
occupational health promotion when they are carefully structured and monitored. This approach
may be especially valuable in societies where sedentary work patterns are common and time
constraints limit participation in traditional fitness routines.

Keyword: HIIT, cardiorespiratory fitness, office workers
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TRADITIONAL KARATE PRACTICE IMPACT ON MENTAL WELLBEING
AMONG JAPANESE UNIVERSITY STUDENTS

Assoc. Prof. Dr. Takeshi Yamamoto, Mai Suzuki, Ryoji Kobayashi
Department of Physical Education, Faculty of Education, Osaka University of Education,
Japan

ABSTRACT

This study explores the impact of traditional karate practice on mental wellbeing among
Japanese university students. University life often brings academic pressure, emotional strain,
and reduced opportunities for balanced physical activity. The research examines how regular
engagement in karate may contribute to emotional stability, concentration, self-discipline, and
stress management in student populations.

Karate is understood not only as a physical discipline but also as a practice that integrates mental
focus, respect, and controlled breathing. The study reviews how these features may support
psychological resilience and a stronger sense of self-control. Attention is given to the
relationship between movement, ritual, and mental clarity, since traditional martial arts often
provide both physical exercise and structured personal development. Participants reported that
training created a disciplined environment that helped them manage academic tension and
improve confidence in daily life.

The findings suggest that karate may function as a valuable complementary activity in higher
education contexts where mental health support is increasingly important. Its cultural grounding
also appears to strengthen student connection to tradition while promoting personal well-being.
The study indicates that martial arts practice can contribute to holistic student development by
linking physical activity with emotional balance and social responsibility. This makes
traditional karate a meaningful model for wellness-oriented university programs.

Keyword: karate, mental wellbeing, university students
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VOLLEYBALL-SPECIFIC AGILITY TRAINING PROGRAMS FOR INDONESIAN
NATIONAL TEAM ATHLETES

Dr. Budi Santoso, Sari Wijaya, Agus Pramono, Lina Kusuma
Department of Sport Coaching, Faculty of Sports Sciences, Universitas Negeri Yogyakarta,
Indonesia

ABSTRACT

This study investigates volleyball-specific agility training programs designed for Indonesian
national team athletes. VVolleyball performance depends heavily on rapid directional changes,
explosive movement, and precise reaction timing. The research focuses on how structured
agility training can improve court movement efficiency, defensive responsiveness, and overall
competitive performance.

The training model was developed to reflect the physical and tactical demands of elite
volleyball. Emphasis was placed on movement patterns that resemble game situations,
including short accelerations, lateral transitions, and quick recovery actions. The study also
considered how sport-specific drills may improve coordination and decision-making under
pressure. By aligning training content with match requirements, the program aimed to create
more transferable physical gains than general conditioning alone.

Results indicate that targeted agility work supports sharper movement execution and better
readiness during play. Athletes appeared to benefit from exercises that combined speed,
balance, and spatial awareness. The study suggests that customized agility preparation can play
an important role in the performance development of national-level volleyball players. It also
highlights the importance of ongoing adaptation in training design so that physical preparation
remains closely tied to tactical demands.

Keyword: volleyball, agility training, elite athletes
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NUTRITIONAL INTERVENTIONS FOR RECOVERY IN INDONESIAN
ENDURANCE RUNNING ATHLETES

Prof. Dr. Nyoman Artawa, Dewi Ratna Setiawan
Department of Nutrition and Sports Performance, Faculty of Medicine, Udayana University,
Indonesia

ABSTRACT

This study examines nutritional interventions that support recovery in Indonesian endurance
running athletes. Endurance training places substantial physiological stress on the body, making
recovery nutrition essential for maintaining performance, reducing fatigue, and lowering the
risk of overtraining. The research focuses on how appropriate food timing, nutrient balance,
and hydration strategies can assist post-exercise restoration.

The study considers the role of carbohydrates, protein, and fluid replacement in rebuilding
energy stores and supporting muscle repair. It also discusses how recovery nutrition may
influence immune function, training consistency, and readiness for subsequent sessions. Special
attention is given to practical dietary approaches that can be realistically adopted by athletes
and coaches within local training environments. The findings emphasize that recovery is not
only a matter of rest but also a structured nutritional process.

The results suggest that personalized nutrition strategies can improve recovery quality and
enhance training adaptation over time. Athletes who follow consistent recovery practices appear
better prepared to sustain demanding endurance workloads. The study highlights the need for
greater nutritional education within athletic programs and encourages integrated support
between coaches, sports nutrition specialists, and medical staff.
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ABSTRACT

This study explores the effects of weight training on bone density in Georgian female athletes.
Bone health is a critical component of long-term athletic performance and injury prevention,
especially in women who engage in intensive physical activity. The research investigates
whether resistance-based exercise can contribute to stronger skeletal adaptation and improved
musculoskeletal resilience.

The study highlights the mechanical loading effects of weight training as a stimulus for bone
formation and maintenance. It also considers how structured resistance programs may support
overall physical strength, movement stability, and protection against stress-related injuries. In
athletic populations, maintaining bone integrity is especially important because high training
demands can place repeated strain on the skeletal system. The findings indicate that progressive
resistance training can serve as an effective method for supporting bone-related health.

The study suggests that inclusion of weight training in women’s athletic preparation may offer
benefits beyond muscle development. It may contribute to a stronger foundation for
performance and a reduced risk of future bone complications. The research supports the broader
integration of resistance exercise into athlete development programs, particularly for female
competitors who require balanced conditioning and long-term physical protection.
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