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Number of paper %
Papers by Turkish Participants 31 a7
Papers by International Participants 37 53
(11 Countries)
Chart Title
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Konu : Akademik Tesvik Uygunluk Belgesi 20/10/2026

ILGILI MAKAMA

Academy Global Conferences tarafindan diizenlenen AKDENIZ 16TH
INTERNATIONAL CONFERENCE ON PPLIED SCIENCES kongresi 17-22
Eylil 2026 tarihlerinde Tunus’ta 12 farkli iilkeden akademisyenin katilimiyla
gerceklestirilmigtir. Kongre kapsaminda sunulan 68 bildirinin 31°i Tiirkiye’den, 37’si
ise farkli 11 tilkeden katilan akademisyenler tarafindan sunulmustur. Kongre, 16 Ocak
2020 Akademik Tesvik Odenegi Yonetmeligine getirilen “Tebliglerin sunuldugu yurt
icinde veya yurt digindaki etkinligin uluslararasi olarak nitelendirilebilmesi i¢in
Tiirkiye disinda en az bes farkli iilkeden sozlii teblig sunan konusmacinin katilim
saglamas1 ve tebliglerin yaridan fazlasinin Tiirkiye disindan katilimcilar tarafindan
sunulmasi esastir.” degisikligine uygun olarak diizenlenmistir.

Bilgilerinize arz ederiz

Saygilarimizla

Prof. Dr. Hillya Cigek

Web: www.akdenizkongresi.org Contact: akdenizkongresi@gmail.com



Evrak Tarih ve Sayisi: 04.04.2024-475454
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" ’ GAZIANTEP UNIVERSITESIi REKTORLUGU ~

. 1 TURKIVE CUMHURIYETI NIN YOzOnCd viLI
S Tip Fakiiltesi

Say1 :E-98102723-903.07-475454
Konu :Gorevlendirme Talebi

REKTORLUK MAKAMINA

[lgi : 27.03.2024 tarihli ve E--903.07-474236 say1il1 yazi

Fakiiltemiz T1bbi Biyokimya Anabilim Dali'nda gorevli dgretim iiyesi Prof. Dr. Hiilya CICEK'in
Yiiksekogretim Genel Kurulunun 15.06.2023 tarihli, 10 sayili oturumunda alinan 2023.10.183 sayilt
karar1 geregince Dogentlik Bagvuru Sartlarinda bulunan ve dogent olacak adaylardan istenen "Diger
uluslararasi/ ulusal bilimsel toplantinin diizenleme komitesinde resmi olarak gorevlendirilmis {iniversite
akademisyen temsilcisi bulunmasi zorunludur." maddesi geregince, Academy Global Conference &
Journals tarafindan yapilan kongrelerin diizenleme kurullarinda yolluksuz ve yevmiyesiz olarak
gorevlendirilme talebi ile ilgili dilekgesi ekte gonderilmistir

Adi gecen Ogretim iiyesinin Academy Global Conference & Journals tarafindan yapilan
kongrelerin diizenleme kurullarinda yolluksuz, yevmiyesiz olarak gorevlendirilmesinde Dekanligimizca
bir sakinca bulunmamaktadir.

Onaylarmiza arz ederim

Prof.Dr. Sevki Hakan EREN
Dekan

OLUR

Prof.Dr. Arif OZAYDIN

Rektor
Ek:Ilgi Dilekge (1 Adet)
Dagitim:
Geregi: Bilgi:

Tibbi Biyokimya Anabilim Dali Bagskanligi Sayin Prof.Dr. Hiilya CICEK

Bu belge, giivenli elektronik imza ile imzalanmustir.

Belge Dogrulama Kodu : *BSFN3RR3CF* Pin Kodu : 27962 Belge Takip Adresi : https:/turkiye.gov.tr/gaziantep-universitesi-ebys
Adres : Gaziantep Universitesi Kampus Alani, Tip Fakiiltesi Dekanlig1, Sehitkamil - 27310 - Bilgi i¢in : Hiiseyin Temel
GAZIANTEP Unvani : Bilgisayar Isletmeni V.

Telefon : 0 (342) 360 60 60 Faks:0 (342) 360 16 17
e-Posta : tipfaksek@gmail.com Web : www.gantep.edu.tr/~tipdekanlik/bilgipaketi
Kep Adresi : gauntipdek@hs01.kep.tr




 CONFEREY,
¥ 4y .

2,

ACADE,

Jﬁyé}

A
Pl

www.akademikongre.org

AKDENIZ 16" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
AKDENIZ ART 7™ INTERNATIONAL GROUP EXHIBITION
September 17 - 22, 2026
TUNIS

Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=f0 YazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224

&

Zo0om

Academy Global Conferences & Journals s ?? — ® o =i



L CONFEREY,
S &,

&

7
Pl

ACADEy,

www.akademikongre.org

ONEMLI ACIKLAMA (Liitfen okuyunuz)

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

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

e Oturuma baglanmadan 6nce Salon numaranizi adinizin dniine 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 ag¢ik olmak zorundadir.

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

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

Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

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

e SADECE CALISMADA YAZAR OLARAK GECEN KiSiLER SUNUM YAPABILIR !

IMPORTANT, PLEASE READ CAREFULLY

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

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

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

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

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

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

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

TECHNICAL INFORMATION

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

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

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

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

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

Academy Global Conferences & Journals @ ‘?’ 'i f.‘;?ﬁ
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Meeting ID: 885 7151 8350 Passcode: 202224

18 Eylul / Sept 18, 2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Dr. Ogr. Uyesi Gozde
Multi-Class Classification of Diabetes Health Indicators Using Deep | Ozsert Yigit
Neural Networks and SMOTE Dr. Ogr. Uyesi Ilkay Sibel
Kervanci
HALKA ACIK KANSER GENOMU ATLASI (TCGA-GBM) Eg‘ég\j;ﬁ%sl‘ llkay Sibel
KLINIK VERI SETININ TEMIZLENMESI VE TANIMLAYICI it Uvedi Gézde Ousert
ISTATISTIKSEL DEGERLENDIRMESI Y;é’fTr yest Lozde Lzse
= k
. g CLOUD-BASED ACCOUNTING SYSTEMS FOR FINANCIAL I'\é'ggflg‘dem' Berkay
< ANALYSIS AND FORECASTING USING OCR AND MACHINE .
zZ LEARNING Assoc. Prof. Dr. Fatih
9 = YUCALAR
S g
g ©
_ I
O = APPLICATION OF A CAN-BASED COMMUNICATION . -
< a SYSTEM FOR SECURE VOICE COMMUNICATION IN ﬁge A AOR.
I w INDUSTRIAL ENVIRONMENTS Y
T
DESIGN AND DIGITAL TWIN-BASED ANALYSIS OF A
GRAVITY-BASED ENERGY STORAGE SYSTEM FOR WIND ﬁLﬂ?hﬁ?ﬁ?R
ENERGY APPLICATIONS Y
INVESTIGATION OF SEASONALITY IN MATHEMATICAL Asistant Professor, Mehmet
MODELS USING FRACTIONAL DERIVATIVES Akif CETIN

Academy Global Conferences & Journals
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Meeting ID: 885 7151 8350 Passcode: 202224

18 Eylul / Sept 18, 2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
NEOFUTURISM: THE NEW FUTURE OF ARCHITECTURE? grg. GDg'rEI;TaEVE;DOGAN
5 . Gor. Dr.
OR THE ARCHITECTURE OF THE FUTURE? TANDOGAN
Ogr. Gor. Dr. Evren
PARASITIC ARCHITECTURE TANDOGAN
Prof. Dr. Elmas ERDOGAN
Z
S| IC MIMARI GORSELLESTIRMEDE ANTI-RENDER
o~ 3 YAKLASIMI: YAPAY ZEKA DESTEGIYLE IDEALIZE Ars. Gor. Dr. Emre PINAR
% @ EDILMIS TEMSILDEN KULLANILAN MEKANIN TEMSILINE
| =
5 2
~ £ EKOTURIZM ARASTIRMALARINDA AHP KULLANIMI: Prof. Dr. Tugba KIPER
j L ARASTIRMA EGILIMLERI, TEMALAR VE BILIMSEL Dr. Ogr. Uyesi Emine
b7 5’ AGLARIN BIBLIYOMETRIK ANALIZI KELES OZGENC
T
—
2
a ECO-ANGER IN THE CLIMATE CRISIS: UNDERSTANDING Dog. Dr. Cicek EDIZ
AN EMOTIONAL RESPONSE TO ENVIRONMENTAL Dg‘f" D:' D‘e‘f‘e S YANIK
DEGRADATION 6. Dr. Dery
TEMPERATURE, AIR POLLUTION, AND MENTAL HEALTH: | [ o o oo
NEW ENVIRONMENTAL THREATS TO PSYCHIATRIC Dg‘?' D:' gle‘f'e S VANIK
WELL-BEING 6. Dr. Dery

Academy Global Conferences & Journals
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Meeting ID: 885 7151 8350 Passcode: 202224

18 Eylul / Sept 18, 2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
MEYVE SUYU ENDUSTRISINDE KALITE GUVENCE Kalite Givence Miihendisi
ACISINDAN AMBALAJ KAYNAKLI RISKLERIN 700 Nur KAHRAMAN
DEGERLENDIRILMESI 9
MEYVE SUYU ENDUSTRISINDE TEDARIKCI YONETIMININ Eﬁgﬁ%"‘:"s&ﬁ Yoneticisi,
GIDA GUVENLIGI VE KALITE PERFORMANSINA ETKIST TEKERCIOGLU
Dr. Ogr. Uyesi Salim
YAKUT
Dr. Siileyman YALCIN
Salmonella Anatum Foodborne Outbreak Associated with Cheese Dr. Ogr. Uyesi Aydin
zZ. Consumption: Epidemiological, Microbiological, and Public Health BOZKAYA
fe) Evaluation Dog. Dr. Tuba DAMAR
™ S CAKIRCA
% — Prof. Dr. Fadile YILDIZ
] = ZEYREK
N
5| g
= <
j &~ BIOTECHNOLOGICAL DEVELOPMENTS IN THE
< 5 MANAGEMENT OF THE EUROPEAN GRAPEVINE MOTH Prof. Dr. Mehmet KAPLAN
I o (Lobesia botrana Denis & Schiffermiller) IN VINEYARDS
o
-
BIOTIC FACTORS ADVERSELY AFFECTING INSECT
REPRODUCTION IN AGRICULTURAL ECOSYSTEMS Prof. Dr. Mehmet KAPLAN
EVALUATIONS OF MACRO-ANATOMICAL CHANGES IN
DAIRY CATTLE AGED 1-5 YEARS FROM PREGNANCY TO Prof.Dr.Ramazan ILGUN
THE DRY PERIOD
APPROACHES TO DIGITALIZATION AND ARTIFICIAL
INTELLIGENCE APPLICATIONS IN VETERINARY Prof.Dr.Ramazan ILGUN
MEDICINE AND RURAL LIVESTOCK FARMING

Academy Global Conferences & Journals
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Meeting ID: 885 7151 8350 Passcode: 202224

HALL / SALON 4
Asst. Prof. Dr. Hilmi TEKDIiR

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DEVELOPMENT OF A RUBBER-TIPPED GLOVE PROTOTYPE | Giilcan AVCIOGLU
AND EVALUATION OF ITS PERFORMANCE IN THE Kivileim ATES
FEATHER PLUCKING OPERATION CAKIROGLU

EFFECT OF STRESS RELIEF HEAT TREATMENT ON THE
MECHANICAL AND TRIBOLOGICAL PROPERTIES OF
LASER POWDER BED FUSION 316L STAINLESS STEEL

Asst. Prof. Dr. Hilmi
TEKDIR
Prof. Dr. Ali Fatih YETIM

Low-Velocity Impact Performance and Optimum Alloy Selection of
Aluminum Alloys Used in Aerospace

Mustafa Diindar

OPTIMIZATION OF VENTILATION SYSTEMS AGAINST FIRE
RISK IN UNDERGROUND COAL MINES THROUGH
NUMERICAL MODELING AND SCENARIO ANALYSIS

Berke SAGIR

Prof. Dr. Deniz
ADIGUZEL

Dog. Dr. Serkan TUYLU
Dr. Ogr. Uyesi Ismail
DEMIR

UTILIZATION OF IRON ORE PROCESSING WASTES IN
CEMENT-BASED MORTARS THROUGH MECHANICAL AND
CHEMICAL ACTIVATION

Zeynep Tuana UCUNCU
Dr. Ogr. Uyesi Ismail
DEMIR

Dog. Dr. Serkan TUYLU
Prof. Dr. Deniz
ADIGUZEL

EFFECT OF VOLUMETRIC REPLACEMENT OF NATURAL
SAND WITH BLACK MASS ON THE COMPRESSIVE
STRENGTH OF CEMENT MORTARS

Lect. Serpil AGIRMAN
Assoc. Prof. Dr. Barig
BAYRAK

Prof. Dr. Abdulkadir
Clneyt AYDIN

DEMIRYOLU YOLCU TASIMA HiZMETLERINDE TEKNIK
IYILESTIRME ONCELIKLERININ KALITE EVIi ILE
BELIRLENMESI

Yousef ALGHUSHAIMI
Dr. Ogr. Uyesi Ahmet
Ziyaeddin BULUM

Academy Global Conferences & Journals

2 e =

oo ACADEMY




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

AKDENIZ 16th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026

TUNIS

Meeting ID: 885 7151 8350 Passcode: 202224

18 Eylul / Sept 18, 2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Dr., NERGIiZ KANMAZ
TOXIC DYE REMOVAL USING AEROGEL-BASED Dog. Dr., SEYDA
MATERIALS KARADIREK
Dog. Dr., MEHMET
BUGDAYCI
3 THE USAGE OF METAL-ORGANIC FRAMEWORK- ?(%F'eg:,'\hgf‘mHAN
= SUPPORTED COMPOSITE IN ANTIBIOTIC ADSORPTION Dr.. NERGIZ KANMAZ
o | Z
£ z
@) =
| >
% (ﬁnl FLEXURAL PROPERTIES OF GLASS FIBER REINFORCED Chemical Engineer
hag ) THERMOSET POLYURETHANE (PUR) POLYMER AHMET CETINTAS
j = COMPOSITES Prof. Dr. HUSEYIN UNAL
< h.
T »
s
o A COMPARISON OF THE COMPRESSIVE PROPERTIES OF Chemical Engineer
POLYURETHANE-BASED COMPOSITES WITH DIFFERENT AHMET CETINTAS
GLASS FIBER LENGTHS Prof. Dr. HUSEYIN UNAL
EFFECT OF POLYMER ENCAPSULATION ON THE
PHOTOCATALYTIC EFFICIENCY OF SEMICONDUCTOR Dr Refik ARAT
MATERIAL IN THE PHOTODEGRADATION OF METHYLENE
BLUE
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DIJITAL PAZARLAMADA ALGORITMIK KURATORLUK: Dr. Oretim Uyesi, Seyd
TUKETICI OZERKLIGININ SATIN ALMA NIYETI ok gretim Uyesi, Seyda
UZERINDEKI ETKISi
DIJITAL DONUSUMUN MUHASEBE BILGI Doktora Ogrencisi, Biisra
SISTEMLERINDEKI RAPORLAMA SURECLERI UZERINDEKI | UTANGAC
ETKISI Dog. Dr. Murat KARAHAN
zZ THE NEW FACE OF SMART SHOPPING: PERCEIVED Dr. Ozr. Uvesi. Burak
< LUXURY PRICE UNFAIRNESS AND DUPE PURCHASE - JBL LYest,
S INTENTION LEBLEBICIOGLU
© <
z >
9 ) . .
D . . P o 5y %)
< > INSAN MERKEZLI YAPAY ZEKA VE I$IN GELECEGI: gg‘; g?r"cz%ﬁa OZDEM
& D_ BIBLIYOMETRIK ANALIZ CALISMASI YILDIRAN
| Y—
- o
< o
I + THE TRANSFORMATION OF SUSTAINABILITY
7 COMMUNICATION IN THE CONTEXT OF GREENWASHING | Ogr. Gor, Merve BABAL
< AND GREENHUSHING
FRIENDSHORING AND NEARSHORING STRATEGIES: A
CONCEPTUAL ASSESSMENT OF GLOBAL SUPPLY CHAIN Ogr. Gér, Merve BABAL
RESILIENCE AND COMPETITIVENESS
FROM SUSTAINABILITY RHETORIC TO GREENWASHING: Assist. Prof. Duvau
A DOCUMENT ANALYSIS WITHIN THE FRAMEWORK OF VAMAN Ve
THE SINCERITY PARADOX
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
TURKIYE’DE SOSYAL HIZMET LiSANS Dr. O3r. Uvesi. Hazal
1 PROGRAMLARINDA TOPLUMA HIiZMET ODAKLI SWE ﬁmNyGEh
DERSLERIN YAYGINLIGI, MUFREDATTAKI KONUMU VE Cumali KAYGISIZ
STANDARTLASMA DUZEYI
KRALICE ARI SENDROMU: TOPLUMSAL CINSIYET Doc. Dr. BEYZA
2 TEMELLI BIR DEZAVANTAJIN SOSYAL HIZMET 1 AQT'Ip OGLU ERKOC
o PERSPEKTIFINDEN DEGERLENDIRILMESI
©)
§ 3 OKUL SOSYAL HiZMETI GEREKLILIK DEGIL Dog. Dr., BEYZA
= ZORUNLULUKTUR HATIPOGLU ERKOC
o)
= é Dog.Dr. Hiiseyin BATMAN
) ; ; 0¢.Dr. Hiseyin
% 2 4 COCUK GELINLER VE SOSYAL HiZMET Doc.Dr. Cumhur GUNGOR
I |E
%) < 5 SUCA SURUKLENEN COCUKLAR, EGITIM TEDBIRI VE Dog.Dr. Hiiseyin BATMAN
=~ = OKUL SOSYAL HIZMETI UYGULAMASI Dog.Dr. Cumhur GUNGOR
|
a1 N .
< § Yiiksek Lisans Ogrencisi,
T = 6 Physical Literacy Among Parents: Active Living and Individual Nazire YIGITER
==} Differences Dr.Ogr.Uyesi, Mensur
o PEHLIVAN
a
3% g T ; — Dog¢. Dr., BEYZA
5 7 COCUKLAR ICIN BUYUYEN BIR RiSK: SHARENTING HATIPOGLU ERKOC
8 YAS SURECININ SOSYAL HIZMET PERSPEKTIFINDEN Dog. Dr., BEYZA
DEGERLENDIRILMES] HATIPOGLU ERKOC
Ars. Gor. Dr. Ayse Nur
9 TURKIYE’'DE DAMGALA(N)MA KONULU TEZLERE ILISKIN | BOZ
BIR KAPSAM DERLEMESI Ars. Gor. Siimeyye
AYDOGDU KUZUCU
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
INTEGRATING DIGITAL TECHNOLOGIES IN RURAL Dr. Aigerim Nuraaliveva
KAZAKHSTANI PRIMARY EDUCATION FOR ENHANCED - A9 raally
STUDENT ENGAGEMENT Dr. Yerzhan Kairatov
Dana Sarsenova
STEM EDUCATION REFORMS THROUGH PROJECT-BASED ﬁzsa‘;fe;vsz' Dr. Gulnara
LEARNING IN KAZAKHSTAN URBAN HIGH SCHOOLS Nursultan Tolegenov
Aidana Bekbolatova
TEACHER TRAINING PROGRAMS FOR INCLUSIVE Dr. Reza Ahmadi
EDUCATION IN IRANIAN SPECIAL NEEDS SCHOOLS : .
Soraya Mahmoudi
® CURRICULUM DEVELOPMENT FOR CULTURAL HERITAGE Prof. Dr. Hassan Rezaei
— . .
> % EDUCATION IN IRANIAN PRIMARY SCHOOLS Fatemeh Karimi
9 5
m
< c
n
~ g
| @
- - BLENDED LEARNING MODELS IMPACT ON STUDENT Assoc. Prof. Dr. Imran
% 5 PERFORMANCE IN PAKISTANI PUBLIC UNIVERSITIES Malik

Dr. Sana Rehman

VOCATIONAL EDUCATION REFORMS ADDRESSING
UNEMPLOYMENT IN RURAL PAKISTAN

Ayesha Zubair
Muhammad Faisal

BILINGUAL EDUCATION CHALLENGES AND
OPPORTUNITIES IN GEORGIAN PRIMARY SCHOOLS

Prof. Dr. Nino Tsiklauri
Dr. Levan Beridze
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
POSTCOLONIAL THEMES IN CONTEMPORARY PHILIPPINE g;‘:]ft'osDr' Maria Theresa
NOVELS ADDRESSING LABOR MIGRATION TRAUMA L
Dr. Jose Rizalino Cruz
Luzviminda Reyes
FEMINIST REINTERPRETATIONS OF MYTHOLOGY IN szgﬁ'e smf' Dr. Elena
MODERN FILIPINO POETRY ANTHOLOGIES Ramb® Dela Cruz
Sofia Magdalena
ARABIC POETIC FORMS EVOLUTION IN EGYPTIAN Or. Ahmed El-Saved
CONTEMPORARY LITERATURE UNDER POLITICAL : Y
CENSORSHIP Fatma Nour
Karim Abdel Rahman
NARRATIVES OF IDENTITY CRISIS IN POST- Prof. Dr. Layla Hassan
N . .
S L REVOLUTIONARY EGYPTIAN SHORT FICTION Mohamed salom
@] <
- wn
©
S £
- o
_ o
2 % BALKAN IDENTITY CONFLICTS IN ALBANIAN DIASPORA | Assoc. Prof. Dr. Luan Rama
% A LITERATURE WRITTEN IN TIRANA Ermal Hoxha

Anila Kuci

OTTOMAN LEGACIES IN MODERN ALBANIAN NOVELS
EXPLORING COSMOPOLITAN ISTANBUL MEMORIES

Dr. Blerta Shala
Flamur Leka

POST-SOVIET GEORGIAN POETRY CYCLES REFLECTING
CIVIL WAR TRAUMA AND NATIONAL REVIVAL

Prof. Dr. Nino Tsiklauri
Levan Beridze
Mariam Kapanadze

SYMBOLISM OF MOUNTAIN MYTHOLOGY IN
CONTEMPORARY GEORGIAN FOLK TALE ADAPTATIONS

Assoc. Prof. Dr. Tamar
Lomidze

Giorgi Gelashvili Dr. Irakli
Chikhradze

Nato Javakhishvili
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DIGITAL TRANSFORMATION CHALLENGES AND
OPPORTUNITIES FOR NIGERIAN SMEs IN POST-PANDEMIC | Prof. Dr. Chinedu Okeke
ECONOMY Emeka Nwankwo
SUSTAINABLE SUPPLY CHAIN PRACTICES IN NIGERIA'S ézi_?; Prof. Dr. Fatima
OIL AND GAS INDUSTRY Adebayo Ogunleye
Chioma Adewale
TOURISM MARKETING STRATEGIES FOR GREEK ISLANDS | Dr. Eleni Papadakis
IN COMPETITIVE MEDITERRANEAN MARKET Nikos Stavrou
Maria Kostopoulos
. FAMILY BUSINESS GOVERNANCE MODELS IN Prof. Dr. Dimitri
™ < CONTEMPORARY GREEK ENTERPRISES Karamanos
Z % Sophia Antoniou
9 4
©
g &
- [} .
J m AGILE PROJECT MANAGEMENT ADOPTION IN ALBANIAN szi‘;?' Prof. Dr. Erion
< . IT STARTUP ECOSYSTEM 13
T 5 Anita Hoxha
Lorin Kuka

CROSS-BORDER E-COMMERCE DEVELOPMENT
PROSPECTS FOR ALBANIAN RETAIL SECTOR

Dr. Blerta Lame
Flamur Basha

OIL DEPENDENCY DIVERSIFICATION THROUGH NON-
ENERGY EXPORT PROMOTION IN AZERBAIJAN

Prof. Dr. Elnur Mammadov
Dr. Aysel Karimova
Farid Huseynov
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

Assis. Prof. Dr. Rahman
THE IMPACT OF CHINA'S BELT AND ROAD INITIATIVE ON Karim

1 BANGLADESH'S FOREIGN POLICY AUTONOMY Assoc. Prof. Dr. Fatima
Begum

Dr. Arif Hossain

INDO-BANGLADESH WATER SHARING DISPUTES AND Sadia Islam
2 THEIR IMPLICATIONS FOR REGIONAL STABILITY Dr. Md. Faisal Ahmed
Nusrat Jahan

IRAQI-KURDISH FEDERALISM TENSIONS AND THEIR Dr. Ali Hassan Al-Rawi

£ 3 EFFECTS ON REGIONAL SECURITY DYNAMICS Dr. Sara Mahmoud
D
D
i e
z | E
| =] IRAN-IRAQ RELATIONS POST-ISIS: ENERGY DIPLOMACY Assoc. Prof. Dr. Khalid
< L 4 AND SECTARIAN RECONCILIATION Omar
@ E Zainab Al-Sayed
4 |
< o
T o
§ ALBANIA'S EU ACCESSION NEGOTIATIONS AND NATO Prof. Dr. Liridon Sinani
2 5 INTEGRATION CHALLENGES Dr. Anila Suljoti
Ermal Deda
TURKISH INFLUENCE IN THE WESTERN BALKANS: Assoc. Prof. Dr. Dorina
6 ALBANIA'S STRATEGIC POSITIONING Thanasi
Blerta Hoxha

Prof. Dr. Elnur Paga
Dr. Leyla Aliyeva
Assoc. Prof. Dr. Vugar
Salamov

AZERBAIJAN-GEORGIA-TURKIYE ENERGY CORRIDOR
7 AND CASPIAN REGIONAL STABILITY
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REMITTANCE FLOWS AND ECONOMIC GROWTH
DYNAMICS IN KYRGYZSTAN

Assoc. Prof. Dr. Gulnara
Asanalieva

Dr. Bakyt Torogeldiev
Aida Tursunalieva

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
MICROFINANCE IMPACTS ON RURAL HOUSEHOLD Prof. Dr. Rahman Karim
INCOME DIVERSIFICATION IN BANGLADESH Assoc. Prof. Dr. Fatima
Begum
Dr. Md. Alamgir Hossain
CLIMATE CHANGE EFFECTS ON BANGLADESH RICE le:itingﬁlftle:SIam
PRODUCTION AND FOOD SECURITY POLICY M. Rafiqul Hasan
[}
>
2
< I
< AGING POPULATION CHALLENGES AND PENSION ?;ECDgrggrﬁr'Jj;?'gam
0 < SYSTEM REFORMS IN JAPAN O, Frot. UI
= < Kenji Nakamura
o 3
— c
< S
N 0]
- 5 ABENOMICS FISCAL POLICY EVALUATION AND Dr. Aiko Yamamoto
< - JAPANESE PUBLIC DEBT SUSTAINABILITY Takeshi Kobayashi
T e
[a
o
o
7]
<

ENERGY SECTOR REFORMS AND MACROECONOMIC
STABILITY IN KYRGYZSTAN

Prof. Dr. Erlan Abdyldaev
Nurlanbek Omuraliev
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Abdullah Al-Enezi

INTEGRATING PREVENTIVE OCCUPATIONAL MEDICINE
INTO HUMAN RESOURCE STRATEGIES: A FRAMEWORK
FOR HEALTHIER AND MORE PRODUCTIVE WORKPLACES

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
STRATEGIC MANAGEMENT OF OCCUPATIONAL HEALTH | o oo oo
SERVICES IN LARGE-SCALE INDUSTRIAL Mansouri
ORGANIZATIONS: IMPROVING EMPLOYEE WELL-BEING, | S P9 o
PRODUCTIVITY, AND CORPORATE SUSTAINABILITY R e
THE ROLE OF OCCUPATIONAL PHYSICIANS IN REDUCING
WORKPLACE STRESS AND PREVENTING PROFESSIONAL | Assoc. Prof. Dr. Nadia El
BURNOUT: EVIDENCE FROM MODERN BUSINESS Amrani
ENVIRONMENTS Omar Chafik
EVALUATING THE EFFECTIVENESS OF WORKPLACE
HEALTH PROMOTION PROGRAMS IN ENHANCING PDr:)féﬁljr; ﬁgt)’(‘;r;m'a
EMPLOYEE PERFORMANCE AND ORGANIZATIONAL Klovis Dervich
COMMITMENT Mirela Shehu
ey
D
)
2 DIGITAL TRANSFORMATION IN OCCUPATIONAL Assis. Prof. Dr. Gentian
© = MEDICINE: UTILIZING HEALTH INFORMATION SYSTEMS | o0 Fon BF
> 2 FOR WORKFORCE RISK ASSESSMENT AND MANAGEMENT | 28
O QO
- [
< =
% =
=~ -
- = THE IMPACT OF OCCUPATIONAL HEALTH .
3 _ SURVEILLANCE ON EMPLOYEE RETENTION AND PDrfféEerﬁ]Fsz*gh':r:q‘m:rtia'r'
T = CORPORATE PERFORMANCE IN THE PRIVATE SECTOR :
Qo
X
N
Q

Assoc. Prof. Dr. Nasser Al-
Harbi

ASSESSING THE RELATIONSHIP BETWEEN WORK
ENVIRONMENT QUALITY, OCCUPATIONAL HEALTH
INDICATORS, AND EMPLOYEE SATISFACTION IN
KNOWLEDGE-BASED ORGANIZATIONS

Prof. Dr. Jean-Luc Martin
Claire Dubois
Dr. Antoine Lefevre

OCCUPATIONAL HEALTH RISK MANAGEMENT IN
MULTINATIONAL COMPANIES: CHALLENGES, BEST
PRACTICES, AND POLICY IMPLICATIONS

Assis. Prof. Dr. Sophie
Bernard
Dr. Mathieu Laurent
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DIGITAL TRANSFORMATION AND SME PERFORMANCE IN ';Argrf]'s EJﬁYOUSsef El
EMERGING MOROCCAN MARKETS . .
Dr. Nadia Benkirane
Amine El Fassi
STRATEGIC INNOVATION AND ENTREPRENEURIAL Assoc. Prof. Dr. Karim Ait
GROWTH IN MOROCCAN FAMILY BUSINESSES Baha
Salma Rachidi
Prof. Dr. Arben Kodra
SUSTAINABLE TOURISM MANAGEMENT AND REGIONAL Dr. Elira Hoxha
ECONOMIC DEVELOPMENT IN ALBANIA Assoc. Prof. Dr. Dorian
Leka
Besa Marku
©
<
- DIGITAL MARKETING TRANSFORMATION IN ALBANIAN Dr. llir Meta
™~ % SMALL AND MEDIUM ENTERPRISES Erion Kallaku
% 'z Arta Gjini
J a
< .
wn b
- o
- . -
2 s ISLAMIC FINTECH ADOPTION AND FINANCIAL mgi?ir' Abdullah Al
< o INCLUSION STRATEGIES IN KUWAIT .
I : Dr. Sara Al-Harbi
8 Nasser Al-Fahad
3
<

CORPORATE GOVERNANCE PRACTICES AND OIL-
DEPENDENT ECONOMY DIVERSIFICATION IN KUWAIT

Assoc. Prof. Dr. Khalid Al-
Sabah
Mariam Al-Otaibi

ARTIFICIAL INTELLIGENCE IN BUSINESS DECISION
MAKING AND ORGANIZATIONAL PERFORMANCE IN
FRANCE

Prof. Dr. Jean-Luc Moreau
Dr. Sophie Lambert
Assoc. Prof. Dr. Pierre
Dubois

Claire Martin
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

Ebeveynligin Dijital Boyutu: Annelerin Paylasan Ebeveynlik
Davramslarinda Oz-Yeterlik ve Stresin Rolii

Dr., Ebru CANAKCI
UGUR

Ars. Gor. Dr., Seyyide Sifa
GOKTAS

Ars. Gor. Dr., Erkin SARI

Dijital Kimligin insasinda Problemli Sosyal Medya Kullanimz:
FoMO, Dijital Estetik ve Cinsiyetin Rolu

Dr., Ebru CANAKCI
UGUR

Ars. Gor. Dr., Seyyide Sifa
GOKTAS

Dr. Ogr. Uyesi, Hasan
BATMAZ

OZGUL OGRENME BOZUKLUGUNUN PSIKOSOSYAL
MUDAHALESI

Ars. Gor. Dr., Sevim
ADALI KARLIGA
Dr. Ogr. Uyesi, Ozge
SARIOT-ERTURK

N
D
2
< YAYGIN KAYGI BOZUKLUGUNUN TEDAVISINDE Ars. Gor. Dr. Sevim
= *E B\E(S tJ EL,\,;AIEAAU GEVSEMENIN ETKILILIGI: SISTEMATIK BIR | % i (0 Pra
O QO
= [
< =
< =
3 K Ogr. Gor. Ahmet TURK
3 _ MARITAL QUALITY AS A PREDICTOR OF INFIDELITY 'E);\%; Uyesi Cezmi
T S TENDENCY IN MARRIED INDIVIDUALS A
3 Dr. Ogr. Uyesi Feyza
s OZLER ERVUZ
)
Q
FEAR OF MARRIAGE (GAMOPHOBIA) WITH ITS gfrb(:’frUAggeCteTnlﬁK
COGNITIVE, EMOTIONAL, AND BEHAVIORAL ER'VEJ%Z' y
DIMENSIONS: A COMPARISON OF INDIVIDUALS FROM Dr. Ogr. Uyesi Feyza
DIVORCED AND NON-DIVORCED FAMILIES SZLER ERVOZ
SERVIKAL YETERSIZLIK TANISI ALAN GEBELERDEKI Ogr. Gor. Dr., Eda Oztiirk
DOGUM KORKUSU UZERINE Belet
FROM COMMON FATE TO PSYCHOLOGICAL WELL-BEING: | Siileyman Baris ABAY
SOCIAL IDENTITY, SOCIAL SUPPORT, AND COLLECTIVE Assistant Professor Nuri
EFFICACY AKDOGAN
No: 2
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors

TURKIYE’DEN ALMANYA’YA OGRETMEN
GOREVLENDIRME UYGULAMASININ BOLMAN VE Aysel DERELIOGLU

DEAL’IN DORT CERCEVE MODELI ACISINDAN Prof. Dr. Yilmaz TONBUL
INCELENMESI

Dog. Dr. Tebessim
Ayyildiz DURHAN
Cyber-loafing in Classes: A Comparative Study on University Ars. Gor. Seyfettin
Students YILMAZ

Prof. Dr. Serkan
KURTIPEK

Dog. Dr. Tebessim
Ayyildiz DURHAN
3 An Investigation of University Students’ Academic Life Satisfaction | Ars. Gor. Seyfettin
in Terms of Various Variables YILMAZ

Prof. Dr. Serkan
KURTIPEK

Prof.Dr.Sevda KOG
TEACHER CANDIDATES’ PERCEPTIONS OF THE CONCEPT AKRAN
OF CRIME: A METAPHOR ANALYSIS STUDY

Dr. Mesut BULUT
Muhammed Sabit
Examining the Relationship Between Leisure Time Management CAKMAK

Skills and Orientation Toward Sporting Events Among University Prof. Dr. Oguzhan
Students Residing in Dormitories Affiliated with the General ALTUNGUL
Directorate of Credit and Dormitories Prof. Dr. Mehmet Fatih
KARAHUSEYINOGLU
Merve DURAN

Muhammed Sabit
CAKMAK

Dr. Mesut BULUT
Examining Faculty of Sport Sciences Students’ Attitudes Toward Prof. Dr. Oguzhan
Sports Technologies and Hedonic Consumption in Sports ALTUNGUL

Prof. Dr. Mehmet Fatih
KARAHUSEYINOGLU
Merve DURAN

HALL / SALON 2
DOC. DR. HANDE BABA KAYA

PROF. DR. SELAHATTIN
AKPINAR

SPOR BILIMLERI FAKULTESI OGRENCILERINDE DOGC. DR. HANDE BABA
MUKEMMELLIYETCILIK VE TEKNOLOJIK SPORTIF KAYA

EKIPMAN BAGIMLILIGI ARASINDAKI ILISKININ DR. OGR. UYESI OZNUR
INCELENMESI AKPINAR

DOG. DR. MELEK
KURSUNEL

DOGC. DR. HANDE BABA
KAYA

PROF. DR. SELAHATTIN
SPORCULARDA AKILLI TELEFON BAGIMLILIGI iLE BEYIN | AKPINAR

SiSi DUZEYT ARASINDAKI ILISKININ INCELENMESI DR. OGR. UYESI OZNUR
AKPINAR

DOG. DR. MELEK
KURSUNEL
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FROM JANUARY 24 TO SEPTEMBER 12: ECONOMIC Dr. Or. Uyesi, Seyda
1 PARADIGM SHIFT AND MILITARY RESTORATION IN BUKRUCH KAZKONDU
TURKEY
KAMU MALLARI TEORiSi PERSPEK TIFINDEN DIN Ero' ggre“m Uyesi, Ismail
2 HiZMETLERININ EKONOMIK NITELIGI VE FINANSMAN Dr. Ogretim Gorevlisi
> i ; . ,
o g MODELLER{: ULUSLARARASI BiR KARSILASTIRMA Ercan YELMAN
z =
Z :
9 O
< =
o3
- = 3 DONGUSEL EKONOMIYE GECISTE YESIL VERGI Eg ggre“m Uyesi, Ismail
< O POLITIKALARININ VE VERGISEL TESVIKLERIN ROLU Dog, Dr., Aydin BAGDAT
I -
o
4 TURKIYE’DE MAKROFINANSAL BORC KIRILGANLIGIL: PCA | Dr. Ogr. Uyesi Nedim
TABANLI BILESIK ENDEKS VE YAPISAL KIRILMA ANALIZi | DIKMEN
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EXAMINING THE RELATIONSHIPS BETWEEN .
OCCUPATIONAL BURNOUT AND DEMOGRAPHIC 2559‘? 1'2“";' g”f(“‘:ggg'i
CHARACTERISTICS: AN EMPIRICAL STUDY OF ASLSEAMIXZ A;‘IOGGLU
HEALTHCARE PROFESSIONALS
RESULT AWARENESS PERCEPTIONS AMONG Assoc. Prof. Yusuf OCEL
HEALTHCARE PROFESSIONALS: A CROSS-SECTIONAL Assist. Prof. Buket OGUZ
STUDY ALRAMAZANOGLU
BUY NOW, PAY LATER: FRICTIONLESS SPENDING,
CONSUMER BEHAVIOR, AND FINANCIAL STRESS INTHE | Prof. Dr. Fatma INCE

= DIGITAL ECONOMY

< Q

= Z

O =

- =

g 5

w

@ = HEALTH MISINFORMATION IN THE DIGITAL AGE: .

~ 5 RETHINKING TRUST IN HEALTHCARE Prof. Dr. Fatma INCE

< o

I £

[-™

EMPLOYEE TRUST IN AI-DRIVEN DECISIONS: FAIRNESS IN .
THE ALGORITHMIC WORKPLACE Prof. Dr. Fatma INCE
SAGLIK HUKUKUNDA MAHREMIYETIN .
KARSILASTIRMALI HUKUKTA YERI Av. Esma Mina BAYRAM
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LiSE OGRENCILERININ TURIZM ALANINDA EGITiM ALMA b‘fg;?grencm’ Dogukan
ve KARIYER YAPMA HEDEFLERININ INCELENMESI .
Ars. Gor. Dr., Gamze ALP
TRANSLATING TRADITIONAL CUISINE INTO Dr. Osr. Uvesi Damla
CONTEMPORARY GASTRONOMY: A CONCEPTUAL KILI(§ e
FRAMEWORK PROPOSAL ON AZERBAIJANI CUISINE
THE BLUE PEARL OF LAKE VAN: THE GASTRONOMICAL Emir TOSUN
= IDENTITY OF THE PEARL MULLET AND ITS Dr. Ogr. Uyesi, Erol
ﬁ CONTRIBUTION TO REGIONAL TOURISM GECGIN
Lo =]
zZ =
o s
- ©
< > )
@ - Yiiksek Lisans Ogrencisi,
_ 8 Saglik Okuryazarliginin Diyet Yapan Bireylerde Diyet Uyum Niyeti Edar)_ur BERGE
Z:I g Uzerindeki Etkisi : Van Ili Ornegi Dr. Ogretim Uyesi Erol
GECGIN
T < ¢
—
o
Dog. Dr. Gizem Sultan
; KAMAN
THE INFLUENCE OF EMOTIONS ON EATING BEHAVIOR .
Dog. Dr. Rabia
BOLUKBAS
YIYECEK VE ICECEK SEKTORUNDE DIJITALLESME VE EOA?ME:NG'ZW Sultan
YENI BIR ISLETME MODELI OLARAK BULUT MUTFAKLAR Doc. Dr. Rabia BOLUKBAS
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1 PAKISTAN’S DIPLOMATIC SUPPORT FOR TURKEY IN THE Ars. Gor. Dr. Cigdem

CYPRUS ISSUE: 1954-1974 ULUTAS

DEGISIMI DONMEZ

[<5]
©
< FORDIN $OXSIYYOT KiMI FORMALASMASINDA PEDAQOJI
S 2 UNSIYYST AMILI THE FACTOR OF PEDAGOGICAL Assoc. Prof . Nazile
© > COMMUNICATION IN THE FORMATION OF AN Abdullazade
% 2 INDIVIDUAL AS A PERSONALITY
a | s
< =
w 3
~
3 pd
Z:' “c‘; 3 ESME’DE (USAK) ARAZI KULLANIMININ ZAMANA BAGLI | Dr.Ogr.Uyesi, Sevgi
T T
S
o
(2]
w)
<

SINANPASA (AFYONKARAHISAR) ILCESINDE
4 TOPOGRAFIK OZELLIKLER VE ARAZI KABILIYET )
SINIFLARI ARASINDAKIT ILISKININ DEGERLENDIRILMES]

Dr. Ogrt.Uyesi, Sevgi
DONMEZ
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1 SOCIAL JUDGMENT IN BERTOLT BRECHT’S SHORT STORY | Prof. Dr. Zennube SAHIN
“DIE UNWURDIGE GREISIN” YILMAZ
2 THE TECHNIQUE OF INTERNAL FOCALIZATION IN LUISE Prof. Dr. Zennube SAHIN
RINSER’S SHORT STORY “DIE ROTE KATZE” YILMAZ
N
=
= 3 ANNE ARKETIPI BAGLAMINDA ALKARISI INANCI VE Dog. Dr., Ece SERRICAN
; ATLAR KABALCI
N~
z g
3 |2
% 1723
2 e o Dog. Dr., Ece SERRICAN
= . )
: = 4 BIR OYKU SECKISI: ALKARISI KABALCI
- £
< )
T N
=
i Yiiksek Lisans Ogrencisi
o 5 FROM MESOPOTAMIAN MYTHOLOGY TO ABRAHAMIC Muhammet SUNGUR
a TEXTS: INDIVIDUAL AND AUTHORITY Prof. Dr. Arslan
TOPAKKAYA
THE CONSTRUCTION OF SACRED AUTHORITY AND Yiiksek Lisans Ogrencisi
6 OBJECTIFICATION OF THE INDIVIDUAL IN Muhammet SUNGUR
MESOPOTAMIAN MYTHS: A COMPARISON OF GILGAMESH | Prof. Dr. Arslan
AND ENUMA ELISH TOPAKKAYA
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TRANSLATION STRATEGIES AND SEMANTIC LOSS IN
ARABIC-ENGLISH LITERARY TRANSFER
Dr. Mariam Al-Darsi

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CRITICAL DISCOURSE ANALYSIS IN MODERN ARABIC ';Argrf]'s or. Amina El
LITERATURE AND IDENTITY CONSTRUCTION .
Dr. Youssef Benkirane
Dr. Salma Rachidi
DIGITAL TRANSFORMATION OF LANGUAGE TEACHING IN QZ?&%iPrOf' Dr. Nadia
MOROCCAN HIGHER EDUCATION SYSTEMS Dr. Omar Zahir
Prof. Dr. Hicham ElI Amrani
Prof. Dr. Chinedu Okafor
POSTCOLONIAL NARRATIVES AND POWER STRUCTURES Dr. Aisha Bello
IN WEST AFRICAN LITERARY TEXTS Assoc. Prof. Dr. Ibrahim
Sani
Dr. Grace Nwosu
LINGUISTIC HYBRIDITY AND CULTURAL MEMORY IN Dr. Tunde Adebayo
CONTEMPORARY NIGERIAN FICTION Dr. Zainab Musa
Dr. Nkechi Umeh
‘—' ©
z 3
3 = Assoc. Prof. Dr. Khaled Al-
< -% ORAL TRADITIONS AND MODERN POETIC FORMS IN Maghrebi
2} c LIBYAN LITERARY HERITAGE Dr. Salma Faraj
: < Prof. Dr. Abdul Rahman EI-
3 N Hadi
S
< &

Dr. Fathi Ben Ali
Dr. Yasser Mahmoud
Dr. Lina Al-Khouri

CULTURAL MEMORY AND INDIGENOUS LANGUAGE
PRESERVATION IN CHILEAN LITERATURE

Prof. Dr. Isabel Valdivia
Dr. Camila Rojas
Assoc. Prof. Dr. Rodrigo
Mendoza

NARRATIVE IDENTITY AND SOCIAL TRANSFORMATION
IN CONTEMPORARY CHILEAN NOVELS

Dr. Pablo Herrera

Prof. Dr. Fernanda Salazar
Dr. Matias Contreras
Assoc. Prof. Dr. Elena
Vargas

ECOCRITICISM AND LANDSCAPE REPRESENTATION IN
LATIN AMERICAN POETRY

Assoc. Prof. Dr. Javier
Molina

Dr. Sofia Reyes

Prof. Dr. Diego Fernandez
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EPISTEMOLOGICAL FOUNDATIONS OF DIGITAL ETHICS IN | Prof. Dr. Youssef El
MODERN NORTH AFRICAN THOUGHT Amrani
Dr. Salma Bennis
PHENOMENOLOGICAL READINGS OF IDENTITY AND ﬁffa(zl"b Prof. Dr. Amina El
MEMORY IN CONTEMPORARY MAGHREB PHILOSOPHY Dr Rachid Benali
Dr. Leila Zahir
AFRICAN COMMUNALISM AND THE LIMITS OF WESTERN 2;'5 gghgm g}’e;fsrﬁa K
INDIVIDUALISM IN MORAL PHILOSOPHY Mboya :
Prof. Dr. Elias M. Chuma
g ONTOLOGY OF TRADITION: RETHINKING UBUNTU-LIKE | [y ooy
S g CONCEPTS IN EAST AFRICAN EPISTEMOLOGY Prof br David O, Rileo
B
< Y
wn (o]
~ =
- 5 THE DIALECTICS OF MODERNIZATION AND CULTURAL
3 s MEMORY IN CENTRAL ASIAN PHILOSOPHICAL Dr. Ayan Tursynbek
T o DISCOURSE Dr. Madina Kassenova
a
LOGICAL STRUCTURES AND ETHICAL FORMALISM IN ﬁi?\orf]ég\?f' G
POST-SOVIET PHILOSOPHICAL THOUGHT Dr. Gulnara Sadykova
Prof. Dr. Timur Zhakupov
CONTEMPORARY SPANISH PRAGMATISM AND THE PDrrOfI._LIJDcri.a Jé‘e’:ﬁ;mg”ega
RECONSTRUCTION OF PUBLIC REASON Acsoo Prof Dr. Marta I
Rios
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EPIDEMIOLOGICAL SURVEILLANCE OF AVIAN Prof. Dr. Elnur Hasanov
INFLUENZA IN AZERBAIJAN POULTRY FARMS Dr. Aysel Mammadova
Nigar Aliyeva
PARASITIC INFESTATIONS AND ANTHELMINTIC éisr‘;gn E\rf’f' Dr. Kamal
RESISTANCE IN SHEEP HERDS OF GARABAGH REGION Dr. Leyla tbrahimova
Dr. Farid Rahimov
MEDICINAL PLANT EXTRACTS FOR TREATING MASTITIS | Dr. Dimitri Papadakis
IN DAIRY SHEEP OF CRETE Eleni Stavrou
Prof. Dr. Nikos Karamanos
2 THERMAL IMAGING TECHNIQUES FOR EARLY LAME Maria Kostopoulou
o
2 = DETECTION IN GREEK DAIRY CATTLE A et . Theo Lazos
O ©
2 g
< a
n —
- s
_ = i ) ;
0 £E NANOTECHNOLOGY-BASED VACCINE DELIVERY E[{a'lzizt'g‘amgr']v'a”sc’o”
< ] SYSTEMS FOR CAMELID RESPIRATORY DISEASES
I o Assoc. Prof. Dr. Ahmed
A Khalil
PROBIOTIC SUPPLEMENTATION EFFECTS ON BROILER QE;DDEL;I'\;';‘LEI_SHM&N
CHICKEN GUT MICROBIOME IN Sara Haosan
ONE-HEALTH APPROACHES TO ZOONOTIC 2;'8 :J/ge;Dlr_OI?gDTrarl]?a'esh
LEPTOSPIROSIS CONTROL IN URBAN SINGAPORE Kommer o J
Mei Ling Wong
GENOMIC SEQUENCING OF ANTIBIOTIC-RESISTANT Or. Lim Hui Min
BACTERIA FROM SINGAPORE AQUACULTURE - Lim A
Dr. Amir Singh
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
IMPROVED GRAPE VARIETAL SELECTION FOR CLIMATE- irs‘)SECDBF'RUQQaSE’”OV
RESILIENT VITICULTURE IN AZERBAIJAN'S SEMI-ARID - Dr-AY
Mammadova
REGIONS i .
Nigar Aliyev
Kamran Ibrahimov
AQUAPONIC INTEGRATION FOR SUSTAINABLE RICE-FISH /F:SOSECD;rEPeSrL;\I\l’J\’rﬁ'I Aini
FARMING IN TROPICAL SINGAPORE CONDITIONS - FToL DL
Marcus Tan
Assoc. Prof. Dr. Lim Wei
VERTICAL FARMING SYSTEMS OPTIMIZATION FOR Ming
URBAN VEGETABLE PRODUCTION IN SINGAPORE Dr. Tan Hui Ling
Rajesh Kumar
- - SALINE TOLERANT FORAGE CROPS DEVELOPMENT FOR ?aSeSIeSd Prof. Dr. Ahmed Bin
o
S g LIVESTOCK FEED IN QATARI FARMS o Al Mansoori
9 =
2 Y
2 ©
: %_ Dr. Fatima Al-Thani
2 3 WATER-EFFICIENT DATE PALM CULTIVATION Assoc. Prof. Dr. Khalid
< - TECHNIQUES IN QATAR'S ARID AGRICULTURAL ZONES Nasser
I o Mariam Rahman

ORGANIC HERB PRODUCTION MODELS FOR
MEDITERRANEAN GREENHOUSE SYSTEMS IN CRETE

Dr. Sophia Kiriakou
Andreas Manolis

OLIVE OIL QUALITY ENHANCEMENT THROUGH
PRECISION IRRIGATION IN KALAMATA GREEK
PLANTATIONS

Assoc. Prof. Dr. Dimitri
Pappas

Elena Stavrou

Nikos Theodorou

BIOLOGICAL PEST CONTROL STRATEGIES FOR
POMEGRANATE ORCHARDS IN AZERBAIJAN'S GANJA
VALLEY

Dr. Farid Gurbanov
Leyla Karimova
Rashad Nuriyev
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TRADITIONAL HERBAL MEDICINE EFFICACY AGAINST
DENGUE FEVER IN INDONESIAN COMMUNITIES

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ADVANCES IN PRECISION MEDICINE FOR BREAST
CANCER TREATMENT USING AI-DRIVEN GENOMIC Dr. Aiko Nakamura
PROFILING Kenji Sato
NON-INVASIVE NEURAL INTERFACE TECHNOLOGIES FOR stb(;i/aps[ﬁf Dr. Yumi
PARKINSON'S DISEASE MANAGEMENT Takeshi Yamamoto

Mika Fujimoto
TELEMEDICINE IMPLEMENTATION CHALLENGES IN Dr. lonela Popa
RURAL MOLDOVAN HEALTHCARE SYSTEMS - P
Victor Rusu

2 | g

P =

3 -S NUTRITIONAL INTERVENTIONS FOR DIABETES Prof. Dr. Maria Ceban

< $ PREVENTION IN MOLDOVAN URBAN POPULATIONS Andrei Lupascu

2 1%} Elena Bodarev

>

| (=)

- <

< -

I a)

Dr. Sari Wijaya
Assoc. Prof. Dr. Budi
Santoso

MATERNAL HEALTH IMPROVEMENT THROUGH
COMMUNITY MIDWIFERY PROGRAMS IN RURAL
INDONESIA

Nyoman Pratiwi
Dr. Agus Setiawan
Lina Kusuma

ANTIBIOTIC RESISTANCE PATTERNS IN ROMANIAN
HOSPITAL-ACQUIRED INFECTIONS

Dr. Andrei Popescu
Dr. Maria lonescu
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
SYNTHESIS AND CHARACTERIZATION OF NOVEL METAL- Prof. Dr. Reza Jalali
1 ORGANIC FRAMEWORKS FOR CARBON DIOXIDE Dr éora. a Mahmoudi
CAPTURE APPLICATIONS : aya
Ali Karimi
DEVELOPMENT OF EFFICIENT HETEROGENEOUS Assis. Prof. Dr. Hassan
CATALYSTS FOR BIODIESEL PRODUCTION FROM WASTE e
2| COOKING OILS Ahmadi
Fatemeh Rezaei
QUANTUM DOTS DOPED POLYMER NANOCOMPOSITES Dr. Ahmed El-Sayed
3 FOR ADVANCED SOLAR CELL DEVICES Nadia Hassan
Karim Abdel
© s
z |E
9 g GREEN SYNTHESIS OF SILVER NANOPARTICLES USING Assis. Prof. Dr. Mohamed
< p 4 EGYPTIAN MEDICINAL PLANT EXTRACTS Salem
@ = Fatma Ibrahim
| =
@
- s
< ;
T 5
ADVANCED MEMBRANE TECHNOLOGIES FOR Qﬁ:ﬁ;oﬁo‘(' Dr. Khalid Al-
5 DESALINATION IN ARID GULF COUNTRIES
Noor Hassan
Dr. Fatima Rahman
NANOSTRUCTURED CATALYSTS FOR HYDROGEN
6 PRODUCTION VIA WATER SPLITTING Omar Saeed
THERMALLY STABLE POLYMERIC COMPOSITES FOR Prof. Dr. Andrei Popescu
7 HIGH-PERFORMANCE ELECTRONIC APPLICATIONS Dr. Maria lonescu
lonela Dragomir
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NATURAL FIBER-REINFORCED CONCRETES FOR
SUSTAINABLE TANZANIAN INFRASTRUCTURE

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
NANOSCALE SURFACE MODIFICATION TECHNIQUES FOR Assoc. Prof. Dr. Yumi Kato
SUPERCAPACITOR ELECTRODE ENHANCEMENT A
Takeshi Yamamoto
RECYCLED PLASTIC WASTE COMPOSITES FOR COST- Dr. Chinedu Okonkwo
EFFECTIVE NIGERIAN HOUSING CONSTRUCTION Ngozi Eze
Emeka Nwankwo
BIODEGRADABLE POLYMER BLENDS FROM
AGRICULTURAL WASTE FOR NIGERIAN PACKAGING Prof. Dr. Aisha Bello
INDUSTRY Tunde Adeyemi
N~
Z 3
9 v TITANIUM ALLOYS FOR TANZANIAN MINING EQUIPMENT | Dr. Juma Mtui
< 2] UNDER CORROSIVE CONDITIONS Fatuma Ally
@ S Assoc. Prof. Dr. Elias Nnko
- -
| -
< &
I

Zainab Mwamba
Dr. Lucas Kileo

GEOPOLYMER CONCRETES FROM GEORGIAN VOLCANIC
ASH FOR EARTHQUAKE-RESISTANT STRUCTURES

Prof. Dr. Giorgi Tsiklauri
Nino Beridze
Lasha Kapanadze

SHAPE MEMORY POLYMERS FOR SMART TEXTILES IN
GEORGIAN WINTER APPAREL

Assoc. Prof. Dr. Mariam
Gelashvili

Irakli Lomidze

Dr. Tamar Chikhradze
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ABSTRACT

Diabetes is a chronic disease affecting millions of people worldwide, and early detection of the
borderline (prediabetic) stage is critical for effective intervention. Most existing studies treat
diabetes prediction as a binary problem and give limited attention to the prediabetic class, even
though this group benefits the most from early intervention. This study proposes a deep
learning-based framework for three-class diabetes risk classification, Healthy, Borderline, and
Diabetic, using the BRFSS 2015 health indicators dataset collected by the U.S. Centers for
Disease Control and Prevention. Since the dataset shows strong class imbalance, the Synthetic
Minority Oversampling Technique (SMOTE) was applied to balance the training data. A Deep
Neural Network (DNN) with three hidden layers was designed on the balanced data and
compared with two classical algorithms, Random Forest and Logistic Regression. Model
performance was evaluated using accuracy, precision, recall, F1-score, and ROC-AUC. Results
show that Random Forest reached the highest overall accuracy (93.16%), while the DNN
model, supported by SMOTE, produced more balanced results across all three classes and
clearly improved detection of the borderline group compared to training without SMOTE.
Logistic Regression performed noticeably worse, especially for the borderline class, reflecting
the difficulty of linear models in capturing nonlinear patterns in health survey data. These
findings highlight the importance of handling class imbalance in health datasets and show the
potential of deep learning to support fair, interpretable, and accurate multi-class diabetes risk
assessment for early intervention and clinical decision support.

Keywords: BRFSS, Diabetes, Deep Neural Networks, SMOTE, Multi-class Classification,
Random Forest

1. INTRODUCTION

Diabetes is a chronic disease that occurs when the pancreas does not produce enough insulin or
when the body cannot effectively use the insulin it produces. Insulin is a hormone that regulates
blood glucose [1]. Hyperglycemia, also known as high blood glucose, is a common
consequence of uncontrolled diabetes and, over time, leads to serious damage to many systems
in the body, especially the nerves and blood vessels [2]. Diabetes is a chronic condition
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affecting millions of people worldwide, and early diagnosis followed by timely treatment is of
vital importance [3]. The latest IDF Diabetes Atlas (2025) reports that 11.1% of the adult
population (aged 20-79), or 1 in 9 adults, are living with diabetes, and 4 in 10 of them are
unaware of their condition [4].

Accurate classification of diabetes, especially the identification of individuals in the
"borderline” or prediabetic state, is critical in preventing the progression of the disease.
Traditional studies often rely on binary classification, distinguishing only between diabetic and
non-diabetic individuals. This approach limits the identification of "borderline” individuals and
reduces opportunities for early intervention [5]. Gorsel 1 presents a representative illustration
depicting the impacts of diabetes on human health, emphasizing the seriousness of the
condition.
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Gorsel 1. The Impacts of Diabetes on Human Health [6]

The increasing use of artificial intelligence in the healthcare domain is enabling the
development of novel approaches in areas such as early diagnosis and risk prediction. This
study aims to classify individuals into three distinct categories, healthy, borderline, and diabetic,
using deep learning methods, based on the Behavioral Risk Factor Surveillance System
(BRFSS) 2015 dataset collected by the Centers for Disease Control and Prevention (CDC) in
the United States.

Due to significant class imbalance in the dataset, SMOTE (Synthetic Minority Over-sampling
Technique) was applied to create a more balanced model. This approach enhances the
representation of minority classes, allowing the deep neural network to effectively learn from
these underrepresented categories. The deep neural network model was evaluated using various
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performance metrics and compared to traditional methods such as Random Forest and Logistic
Regression.

In recent years, numerous machine learning algorithms have been utilized in the literature for
diabetes prediction [7, 8]. However, the majority of these studies have focused solely on binary
classification problems concerning the presence or absence of diabetes. Studies that directly
address the borderline (prediabetic) group remain limited. Moreover, techniques like SMOTE,
which generate synthetic data to address class imbalance, have not been adequately explored in
the literature [9, 10]. Even newer work published between 2024 and 2026 still mostly treats
diabetes prediction as a two-class problem or tests on small clinical datasets, so multi-class
detection of the borderline group on a large public survey such as BRFSS is still rare [37, 38,
39].

Al-powered diabetes detection, particularly with the rise of deep learning models, has made
significant progress in addressing multi-class classification problems [11, 12]. Although it is
not image-based, the BRFSS dataset, rich in behavioral and demographic indicators, serves as
a valuable resource for studies in this domain. Researchers are increasingly turning to SMOTE
to mitigate the class imbalance issue, which is crucial for the accurate identification of
prediabetic individuals [13, 14].

In this context, one of the key contributions of this study is its focus on three-class diabetes
classification, the mitigation of data imbalance through SMOTE, and the comparative
evaluation of modern approaches such as deep neural networks (DNN) with traditional methods
like Random Forest (RF) and Logistic Regression (LR).

Cizelge 1. Literature Studies in Diabetes Prediction

Study Key Findings

Evaluated the impact of SMOTE on learning performance and

Ferandez etal., 2018 [1] provided significant insights for imbalanced datasets

Lopez etal., 2013 [16] on classification performance

Provided a comprehensive analysis of the effect of SMOTE variations

Presented general insights on medical imaging with a focus on

Kaissis et al., 2020 [17] federated learning and secure model training

Javeed et al., 2021 [18]

a specific focus on the prediabetic class

Achieved high performance in diabetes classification using DNN, with

The aforementioned studies highlight the effectiveness of various approaches in diabetes
classification and further underscore the contribution of the present work, as summarized in
Cizelge 1. Fernandez et al. [15] and Lopez et al. [16] emphasized the positive impact of the
SMOTE technique on classification performance; however, these studies predominantly
focused on binary classification tasks. Kaissis et al. [17] explored federated learning in the
context of medical imaging, but did not address behavioral data-based multi-class classification
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scenarios. Although Javeed et al. [18] achieved high accuracy rates using DNN, their analysis
specifically targeting the classification of prediabetic individuals remained limited in depth.

Recent studies from 2024 to 2026 confirm that this gap is still open. Abousaber et al. combined
several oversampling methods with ensemble models to handle imbalance across multiple
diabetes datasets, but their target variable stayed binary [37]. Chowdhury et al. tested different
data augmentation techniques directly on the BRFSS dataset, again for a two-class outcome
[38]. Islam et al. built an explainable model with SHAP and LIME on a multi-class diabetes
dataset, showing that interpretability and multi-class prediction can work together, though their
dataset was smaller and clinic-based rather than population-based like BRFSS [39]. Talukder
et al. improved diabetes prediction through better data engineering, and Darwish et al. proposed
an evaluation framework for prediabetes models ready for clinical use [40, 41]. None of these
studies combine a large population-level BRFSS sample, three-class labels, and SMOTE-based
balancing with a deep neural network in the way the present study does.

In this context, the present study provides a significant contribution by performing three-class
diabetes classification using a behavioral and demographic dataset such as BRFSS 2015, with
a particular emphasis on the accurate identification of the prediabetic class. The results
demonstrate that DNN architecture, supported by SMOTE, offers an effective approach in terms
of both classification accuracy and class balance.

2. DATASET AND METHODS

2.1. Dataset

The dataset used in this study is titled "Diabetes 012 Health Indicators", which was published
by the Centers for Disease Control and Prevention (CDC) and made publicly available on the
Kaggle platform [19]. This dataset was constructed based on health survey data from the
Behavioral Risk Factor Surveillance System (BRFSS) 2015. It contains health information from
a total of 253,680 individuals, including indicators such as physical activity level, alcohol and
tobacco use, body mass index (BMI), age, gender, history of hypertension, sleep patterns, and
psychological health.

The dataset includes 21 features, presented in Cizelge 2, representing various health indicators
related to individuals' medical histories and lifestyle habits.

Cizelge 2. List of Features in the Diabetes 012 Health Indicators Dataset

Feature Name Description
HighBP Diagnosis of high blood pressure (0 = No, 1 = Yes)
HighChol Diagnosis of high cholesterol (0 = No, 1 = Yes)
CholCheck Cholesterol check within the past 5 years (0 = No, 1 = Yes)
BMI Body Mass Index
Smoker Has smoked at least 100 cigarettes in their lifetime (0 = No, 1 = Yes)
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Feature Name

Description

Stroke

Has experienced a stroke (0 = No, 1 = Yes)

HeartDiseaseorAttack

History of heart disease or heart attack (0 = No, 1 = Yes)

PhysActivity Physical activity in the past 30 days (0 = No, 1 = Yes)
Fruits Regular consumption of fruits (0 = No, 1 = Yes)
Veggies Regular consumption of vegetables (0 = No, 1 = Yes)

HvyAlcoholConsump Heavy alcohol consumption (0 = No, 1 = Yes)

AnyHealthcare Has any kind of health care coverage (0 = No, 1 = Yes)
NoDocbhcCost Could not see a doctor in the past 12 months due to cost
GenHlth Self-reported general health status (1 = Excellent to 5 = Poor)
MentHIth Days of poor mental health in the past 30 days
PhysHIth Days of poor physical health in the past 30 days
Diffwalk Serious difficulty walking or climbing stairs (0 = No, 1 = Yes)
Sex Gender (0 = Female, 1 = Male)

Age 13-level age category

Education Education level (categorical scale)

Income Income level (categorical scale)

The target variable, Diabetes_012, represents individuals' diabetes status in three categories: 0
= Healthy, 1 = Borderline (Prediabetic), and 2 = Diabetic. A notable class imbalance was
observed in the original distribution, class 0 included 213,703 individuals, class 1 contained
only 4,631 individuals, and class 2 represented 35,346 individuals. No missing values were
found, and all features were standardized to a common scale, an essential step for the DNN
model as it facilitates effective learning and ensures equal sensitivity to all input features [20].

The dataset was divided into training and testing subsets. To address the imbalance in the
training data, SMOTE was applied [21]. This method generates synthetic instances resembling
the minority class samples, achieving a balanced class distribution [22]. Following this process,
all three classes were balanced, and the model was trained using the augmented dataset. In
recent studies, similar techniques have demonstrated promising results in both diabetes
classification [23] and general health prediction tasks [24].
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2.2. Deep Neural Networks

Deep neural networks (DNN) are more sophisticated versions of artificial neural networks,
which integrate deep architecture with advanced training algorithms to gain higher levels of
data abstraction and complexity [25]. A network with more than three layers (two or more
hidden layers) qualifies as a "deep" neural network, whereas those with up to three are shallow
networks [26, 27]. The 'deep’ aspect mainly consists of an input layer, multiple hidden layers,
and an output layer (Gorsel 2). Because of the structural depth, these networks can obtain more
compact representations of the input-output relation compared to shallow networks [28].
Training in DNNs is a compute-intensive process, and the traditional back-propagation
algorithm has been the default training method [29]; however, deeper networks trained this way
can suffer from vanishing gradients and overfitting, which is addressed with techniques such as
Dropout.

Neural Networks Deep Neural Networks

® @ ® ® ®
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Gorsel 2. The Structural Difference Between Neural Networks and DNN [30]

In domains such as healthcare, where data consists of high-dimensional and interrelated
variables, DNNs offer superior accuracy and generalization performance compared to
traditional methods [31, 32]. In this study, the proposed DNN architecture was designed as a
multi-layer artificial neural network model. The input layer was configured to accept 21 health
indicators as features. Following the input layer, the model includes three hidden layers: the
first with 128 neurons (ReLU activation and Dropout), the second with 64 neurons (ReLU and
Dropout), and the third with 32 neurons (ReLU and Dropout). This structure enhances the
model's depth, enabling it to learn complex patterns, while the Dropout layers help mitigate
overfitting. The output layer consists of 3 neurons with a Softmax activation function,
producing class probabilities. For model optimization, the Adam optimizer was employed with
CrossEntropyLoss, and the model was trained for 20 epochs.

Cizelge 3. Proposed Deep Neural Network Architecture and Parameters

Layer Type Number of Neurons | Activation Function Notes
Input Layer 21 - 21 input features
Hidden Layer 1 128 ReLU Dropout (p = 0.5)
Hidden Layer 2 64 RelLU Dropout (p = 0.5)
Hidden Layer 3 32 ReLU Dropout (p = 0.5)
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Layer Type

Number of Neurons

Activation Function

Notes

Output Layer

3

Softmax

Multi-class output

Loss Function

CrossEntropyLoss

Optimization - - Adam (learning rate = 0.001)

2.3. Comparative Models

Random Forest. Random Forest is an ensemble learning method that generates multiple
decision trees during classification, then combines them to form a decision forest, where each
tree is built from a randomly selected subset of the data. This approach provides prediction
validity and model interpretability due to random sampling and batch-method features, and
generally offers good generalization. The accuracy of Random Forest estimates comes from
low bias and low correlation between trees; low bias is achieved by growing large trees, and
low correlation is obtained by making the trees as different from each other as possible [33].
Random Forest is widely used in healthcare data because of its high accuracy and strong
generalization, reducing overfitting by repeatedly training on different subsamples of the data
[34].

Cizelge 4. Hyperparameters of the Random Forest Model

Parameter Value
n_estimators 100
max_depth 20
min_samples_split 10
min_samples_leaf 4
random_state 42

Logistic Regression. Logistic Regression is one of the most commonly used baseline methods
for classification problems, particularly favored in healthcare data analysis due to its high
interpretability [35]. The model estimates class probabilities by learning weight coefficients for
each feature; given the multi-class nature of the problem, it was implemented as softmax
regression, trained with solver = Ibfgs, multi_class = multinomial, max_iter = 1000, and
random_state = 42. Logistic Regression exhibited particularly low performance in the
borderline class, indicating that linear decision boundaries struggle to distinguish between
classes in this scenario, though it serves as a useful baseline for comparison.

2.4. Performance Metrics
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Model performance was evaluated using standard classification metrics derived from the
confusion matrix (Cizelge 5): True Positive (TP), False Positive (FP), False Negative (FN), and
True Negative (TN).

Cizelge 5. Confusion Matrix

Predicted Positive Predicted Negative
Actual Positive TP FN
Actual Negative FP TN

Accuracy (AC), the proportion of correctly predicted instances out of all predictions, is given
by Equation (1):

AC=(TP+TN)/(TP + TN + FP + FN) (1)
Precision, the correctness of positive predictions, is given by Equation (2):
Precision = TP / (TP + FP) (2
Sensitivity (recall), the proportion of true positives correctly detected, is given by Equation (3):
Sensitivity = TP / (TP + FN) (3)

Specificity, the proportion of true negatives correctly detected, is given by Equation (4):
Specificity = TN / (FP + TN) 4)

F1-score is the harmonic mean of precision and recall. In multi-class classification, these
metrics are typically computed per class and then macro-averaged, giving equal weight to each
class, which is particularly important for imbalanced datasets [36].

2.5. Proposed Method

The proposed method classifies diabetes risk into three categories, Healthy, Borderline, and
Diabetic, based on behavioral and demographic health indicators. Gérsel 3 shows the full
process from data preprocessing to final model evaluation. The BRFSS 2015 dataset was loaded
and cleaned; since no missing values were found, one-hot encoding was not required. After
splitting the dataset into training and test sets, the DNN model was first trained without SMOTE
and evaluated on the imbalanced data; at this stage the model classified the dominant "Healthy"
class with high accuracy but underperformed on the Borderline and Diabetic classes. SMOTE
was then applied to the training set, specifically increasing the number of borderline-class
examples, and the DNN model was retrained on the balanced data. This retraining produced
significant improvements in the F1-scores of the minority classes.
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Gorsel 3. The Flow Chart of the Proposed Method

Model performance was evaluated using accuracy, F1-score, precision, recall, and ROC-AUC,
and the DNN model was compared against Logistic Regression and Random Forest, enabling
a comprehensive evaluation from both deep learning and traditional modeling perspectives.

3. RESULTS AND DISCUSSION

In this study, individuals were classified into three groups, Healthy, Borderline, and Diabetic,
using the 2015 BRFSS health indicators dataset. Due to the significant imbalance between
classes, SMOTE was used to increase the representation of minority classes for training. A
DNN model was developed to achieve consistent performance across classes and was compared
with Random Forest (RF) and Logistic Regression (LR). After applying SMOTE, the DNN
model produced balanced results across all classes, while the RF model demonstrated high
performance for each class; the LR model performed less effectively, likely due to the nonlinear
characteristics of the dataset. Overall, the DNN model achieved a good balance between class-
specific and overall performance, while RF achieved the highest overall accuracy.

3.1. Model-Based Results

Cizelge 6. Results for Logistic Regression

Class Description F1-Score Precision Recall
0 Healthy 0.63 0.61 0.66
1 Borderline 0.37 0.44 0.33
2 Diabetic 0.55 0.51 0.59

Overall Performance: the model achieved 52.7% accuracy and a macro F1-score of 0.518.
Logistic Regression demonstrated particularly low performance in the Borderline class,

9
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reflecting the inability of classical linear models to capture the nonlinear relationships inherent

in the dataset.

Cizelge 7. Results for the DNN

Class Description F1-Score Precision Recall
0 Healthy 0.66 0.598 0.751
1 Borderline 0.68 0.786 0.609
2 Diabetic 0.62 0.601 0.657

Overall Performance: 66.2% accuracy with a macro F1-score of 0.66. After applying SMOTE,
the DNN produced balanced results across all classes; the high recall achieved in the Borderline
class is critically important for enabling early intervention.

Cizelge 8. Results for Random Forest

Class Description F1-Score Precision Recall
0 Healthy 0.91 0.90 0.92
1 Borderline 0.97 0.98 0.97
2 Diabetic 0.90 0.91 0.89

Overall Performance: Random Forest achieved 93.16% accuracy and a macro Fl-score of
0.9316, standing out with balanced, high-performance classification results across all classes,
demonstrating strong potential for healthcare data.

Cizelge 9. Comparative Analysis Before and After Applying SMOTE (DNN model)

Status Accuracy F1(Class0) | F1(Class1) | F1(Class?2) Macro F1
Before SMOTE (Imbalanced) 84.92% 0.91 0.90 0.26 0.39
After SMOTE (Balanced) 66.16% 0.66 0.68 0.62 0.66

This table clearly demonstrates the impact of class imbalance on model performance. Although
overall accuracy decreased after applying SMOTE, it enabled the model to learn all three
classes in a balanced manner, most notably raising the F1-score of the minority Borderline and
Diabetic classes.

3.2. General Discussion

Cizelge 10. Comparison of All Models

10
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Model Accuracy Macro F1 Notes
.. . Low performance in the Borderline class,
Logistic Regression 0.52 0.51 p. . . .
limited by linear assumptions

. Balanced performance across all classes,

DNN (with SMOTE) 0.66 0.66 ) S
improvement in minority classes
Random Forest 0.93 0.93 High performance across all classes, highest
overall accuracy

Random Forest achieved the highest overall accuracy, while the DNN model, after applying
SMOTE, offered a more balanced performance across classes. Logistic Regression failed to
capture complex patterns effectively due to its linear limitations.

3.3. Evaluation of ROC and AUC

Cizelge 11. AUC Score of Each Class

Class AUC Score
Healthy Individuals 0.85
Borderline Diabetes 0.86
Diabetes Patients 0.82

Multi-class ROC curves

Tue Positive Rate

—— ROC curve of class Healthy (0) (area = 0.85)
= ROC curve of class Borderline (1) {area = 0.86)
= ROC curve of class Diabetes (2) {area = 0.82)

0.0 + T T T T
0.0 02 04 0.6 08 10
False Positive Rate

Gorsel 4. Graphical Representation of ROC Curves for Each Class

These scores indicate that the model possesses strong classification ability for all three classes,
with AUC values above 0.80. In particular, the AUC of 0.86 for the Borderline (prediabetic)
class demonstrates the model's high effectiveness in distinguishing this critical group, offering
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significant contributions for early diagnosis and the identification of individuals with high
clinical value.

4. GENERAL EVALUATION AND CONCLUSION

This study used the BRFSS 2015 health indicators dataset to tackle multi-class diabetes
classification. A Deep Neural Network (DNN) was combined with SMOTE to address class
imbalance, which helped the model represent diabetes risk more fairly across underrepresented
classes. The DNN was also compared against Logistic Regression and Random Forest to see
where each model's strengths and limits lie.

Random Forest reached the highest overall accuracy, but the DNN with SMOTE gave more
balanced results across minority classes. This shows that DNN-based approaches fit well in
medical studies, especially for identifying vulnerable or underrepresented groups accurately.

For future work, the addition of different sampling techniques, advanced model architectures
such as Transformer-based structures or ensemble deep learning methods, and interpretability
tools such as LIME or Integrated Gradients are recommended to increase the model's robustness
and generalizability. Additionally, using time-series health indicator datasets can enable the
development of more adaptive and dynamic forecasting models.

Ethical Statement on the Use of Artificial Intelligence: During the writing process of this
study, the artificial intelligence tool "ChatGPT", developed by OpenAl, was used to a limited
extent for linguistic editing purposes only. The scientific content, analysis, and results belong
entirely to the authors.
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OZET

Bu ¢alismada, Genomic Data Commons (GDC) portalindan temin edilen TCGA-GBM Klinik
veri paketinin aragtirmaya hazir hale getirilmesi amaciyla sistematik bir veri temizleme siireci
uygulanmistir. Oncelikle GDC'nin standart eksik veri isareti olan "'--" kodu gergek eksik degere
(NaN) doniistiirtilmiis, ardindan her dosyada tiim gozlemler i¢in tamamen bos olan siitunlar ile
tek bir deger igeren ve bilgi tagimayan sabit siitunlar analiz dig1 birakilmistir. Hasta basina
birden fazla tan1 ve tedavi kaydi igeren ¢ok satirli ham yapi, hasta, tan1 ve tedavi diizeyinde ii¢
ayr1 ve tekillestirilmis tabloya normalize edilmistir. Bu adimlar Python programlama dili ve
pandas kiitiiphanesi kullanilarak gerceklestirilmis ve siire¢ sonunda 617 hastaya ait temiz,
analiz edilebilir bir veri seti elde edilmistir. Elde edilen veri seti lizerinden kategorik degiskenler
icin frekans ve yiizde, sayisal degiskenler i¢in ortalama, standart sapma, medyan, minimum ve
maksimum degerler hesaplanarak tanimlayici istatistikler sunulmustur. Calisma, agik kaynakl
klinik onkoloji veri setlerinin karsilastig1 yapisal karmagsiklig1 sistematik ve tekrarlanabilir bir
protokolle ¢ozmeyi amacglamakta; bu protokol benzer veri setleriyle calisan arastirmacilara
uygulanabilir bir yol haritasi sunmakta ve ileride yapilacak sagkalim analizlerine temel
olusturmaktadir.

Anahtar Kelimeler: TCGA-GBM, Glioblastoma, Veri Temizleme, Tanimlayici Istatistik,
Klinik Veri Madenciligi

1. GIRIS

Glioblastoma (GBM), Diinya Saghk Orguti'nin merkezi sinir sistemi timorleri
siniflandirmasinda grade 4 diffiiz gliom olarak tanimlanan [1], merkezi sinir sisteminin en sik
gorulen ve en agresif seyirli primer malign timorudir [2]; tedaviye ragmen ortalama sagkalim
stresi kisa kalmaktadir. The Cancer Genome Atlas (TCGA) projesi kapsaminda toplanan
TCGA-GBM kohortu, genomik ve klinik verilerin bir arada sunuldugu, diinya genelinde
arastirmacilara acik en kapsamli kaynaklardan biridir [3]. Ancak Genomic Data Commons
(GDC) portalindan indirilen ham klinik veri dosyalari, ¢ok sayida degiskenin klinik pratikte
nadiren doldurulmus olmasi, tani/tedavi kayitlarinin hasta basina goklanmasi ve standart bir
eksik veri kodlamasi ("'--") kullanilmasi nedeniyle dogrudan istatistiksel analize uygun degildir.
Molekiiler diizeyde glioblastomanin PDGFRA, IDHI, EGFR ve NFI1 gibi genlerdeki
anormalliklere dayali olarak klinik acidan farkl alt tiplere ayrildigi gosterilmistir [4].
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Bu ihtiyaca yanit olarak National Cancer Institute biinyesinde gelistirilen Genomic Data
Commons (GDC), farkli kanser genomik projelerinden elde edilen ham ve klinik verileri ortak,
harmonize bir platformda bir araya getirmeyi amaglamaktadir [5].

Literatiirde klinik veri setlerinin kalitesinin, sonraki analizlerin giivenilirligini dogrudan
etkiledigi siklikla vurgulanmaktadir. Bu nedenle, ham veriden anlamli ve tekrarlanabilir
sonuglar liretmeden Once sistematik bir veri temizleme ve dogrulama agamasinin uygulanmasi
gerckmektedir. Bu ¢alismanin amaci, TCGA-GBM Kklinik veri paketinin temizlenme surecini
adim adim ortaya koymak ve elde edilen temiz veri iizerinden hastalarin demografik ve klinik
ozelliklerine iliskin tanimlayici istatistikleri sunmaktir.

2. MATERYAL VE YONTEM

2.1. Veri Seti

GDC portali, 60'tan fazla NCI destekli projeden elde edilen genomik ve iligkili klinik verileri
ortak bir veri modeli ve standart uygulama programlama araylzi (API) Uzerinden
arastirmacilara sunmaktadir [6]. Calismada kullanilan veri seti, bu API tizerinden indirilen
TCGA-GBM [7] projesine ait bes ayr1 TSV (tab-separated values) dosyasindan olugsmaktadir:
clinical.tsv (3495 satir, 201 siitun), follow up.tsv (2482 satir, 152 siitun), pathology detail.tsv
(596 satir, 87 siitun), exposure.tsv (4 satir, 35 siitun) ve family history.tsv (0 satir, tamamen
bos). Veri setinde toplam 617 benzersiz hasta kaydi bulunmaktadir. clinical.tsv dosyasi, hasta
demografisi, tan1 ve tedavi bilgilerini tek bir ¢izelgede birlestirdiginden, her hasta i¢in birden
fazla satir igermektedir (ortalama 5,6 tedavi kaydi/hasta).

2.2. Veri Temizleme ve Analiz Sireci

Veri temizleme siireci Python programlama dili ve pandas kiitiiphanesi kullanilarak
gerceklestirilmistir. Analizde kullanilan pandas kiitiiphanesi, istatistiksel ve finansal alanlarda
yaygin olan tablo formatindaki veri kiimelerini islemek {izere tasarlanmis temel yap1 taslar
sunmaktadir [8]; taninmasi ve doniistiiriilmesi agsamasinda dogrudan kullanilmistir. Nitekim
klinik arastirmalarda eksik verinin sistematik olarak ele alinmasinin analiz giivenilirligi
acisindan kritik 6nemde oldugu vurgulanmaktadir [9]. Ayrica literatiirde TCGA verilerinin
TCGA verilerinin indirilmesi ve arastirmaya hazir hale getirilmesi siirecini kolaylastirmaya
yonelik 6zellestirilmis 6n isleme boru hatlarmin (pipeline) gelistirilmesine duyulan ihtiyag
vurgulanmaktadir [10]. Siireg sirasiyla su adimlardan olusmaktadir: (1) GDC'nin standart eksik
veri isareti olan "'--" degerlerinin gercek eksik veri (NaN) olarak yeniden kodlanmasi; (2) her
dosyada tiim g6zlemler i¢in eksik olan (%100 bos) siitunlarin analiz dis1 birakilmasi; (3) tek bir
deger igeren ve bilgi tasimayan sabit siitunlarin ¢ikarilmasi; (4) clinical.tsv dosyasinin hasta
(demografi), tan1 ve tedavi olmak iizere ii¢ ayri, tekillestirilmis tabloya normalize edilmesi. Bu
adimlarin genel akis1 Gorsel 1'de sematik olarak sunulmustur.
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Ham GDC Klinik Veri Paketi
(5 TSV dosyasi, toplam 489 situn)

!

"'--" jsaretlerinin NaN'a dondsturalmesi

!

Tamamen bos sttunlarin atilmasi
(clinical.tsv: 201 -> 66 siitun)

!

Sabit degerli sGtunlarin atiimasi

!

Normalizasyon: Hasta / Tani / Tedavi
tablolarina ayristirma

.

‘ 617 Hasta - 1158 Tani Kaydi - 3444 Tedavi Kayd|

Gorsel 1. Veri Temizleme Siirecinin Akis Semasi

GDC, farkli kaynaklardan gelen genomik verileri standart ve tekdiize biyoinformatik is
akislariyla islemektedir [11]; ancak bu standardizasyon, klinik meta-veri alanlarinin
doldurulma oranini garanti etmediginden, klinik degiskenler i¢in ayrica bir temizleme adimi1
gerekmektedir. Temizleme sonrasinda elde edilen tanimlayici istatistikler; kategorik
degiskenler i¢in frekans ve yiizde, sayisal degiskenler i¢in ortalama, standart sapma, medyan,
minimum ve maksimum degerler hesaplanarak 6zetlenmistir.

3. BULGULAR VE DEGERLENDIRME

Temizleme siirecinin dosya bazinda etkisi Gorsel 2'de gosterilmektedir. clinical.tsv
dosyasindaki 201 siitunun 1351 (%67,2), follow up.tsv dosyasindaki 152 siitunun 138'i
(%90,8) ve pathology detail.tsv dosyasindaki 87 siitunun 79'u (%90,8) tamamen bos oldugu
icin analiz dist birakilmistir. Bu durum, GDC klinik sablonunun tiim kanser tiirlerini
kapsayacak sekilde standartlagtirilmis olmasindan, dolayisiyla glioblastoma i¢in klinik olarak
anlamsiz bir¢ok alanin (6rn. melanom veya meme kanserine 6zgii evreleme degiskenleri) bos
kalmasindan kaynaklanmaktadir. Bu bulgu, GDC'nin eski (legacy) ve harmonize edilmis veri
stirimleri arasinda onemli yapisal farkliliklar bulundugunu ve ham klinik verilerin analiz
oncesinde dikkatli bir dogrulama siirecinden gegirilmesi gerektigini ortaya koyan Onceki
caligmalarla da uyumludur [12].
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Gorsel 2. Dosya Bazinda Siitun Temizligi Oncesi ve Sonrasi Dagilhim

Normalizasyon sonrasi elde edilen 617 hastalik temiz veri setinin demografik ve klinik
ozellikleri Cizelge 1 ve Cizelge 2'de sunulmustur.

Cizelge 1. Hastalarin Demografik ve Klinik Ozellikleri (Kategorik Degiskenler)

Degisken Kategori n %
Cinsiyet Erkek 366 59.3
Cinsiyet Kadin 230 37.3
Cinsiyet Bilinmiyor / Bildirilmemis 21 3.4
Irk Beyaz 507 82.2
Irk Siyah / Afrikali-Amerikali 51 8.3
Irk Asyali 13 2.1
Irk Bildirilmemis / Bilinmiyor 46 7.5
Yasam Durumu Eksitus (Dead) 492 79.7
Yasam Durumu Sag (Alive) 102 16.5
Yasam Durumu Bilinmiyor / Bildirilmemis 23 3.7
Birincil Tan1 Glioblastoma 1124 97.1
Birincil Tan1 Diger / Bilinmiyor 34 2.9
En Sik Tedavi Turd Kemoterapi 1120 32.5
En Sik Tedavi Tiirii Radyoterapi (NOS) 687 19.9
En Sik Tedavi Tiird Farmakoterapi (NOS) 608 17.7
En Sik Tedavi Tiirid Eksternal Isin Radyoterapisi 466 13.5
En Sik Tedavi Tiirii Cerrahi (NOS) 142 4.1
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Cizelge 2. Sayisal Degiskenlerin Tanimlayici Istatistikleri

Degisken n Ortalama  |Std. Sapma |Medyan |Min Maks
Tan1 Yasi (y1l) 596 57.8 14.4 59.0 10 89
Olime Kadar Gegen Siire{491 504.1 538.2 382.0 3 3881
(giin)

Hastalarin yas dagilimi ve cinsiyet oran1 Gorsel 3'te sunulmustur. Tan1 yasinin 50-70 araliginda
yogunlastigi, bu bulgunun literatiirde glioblastomanin orta-ileri yetiskinlik doneminde daha sik
gorildiigii bilgisiyle uyumlu oldugu goriilmektedir. Elde edilen medyan sagkalim siiresi (382
giin), temozolomid tedavisinin yayginlastigi donemde bildirilen glioblastoma sagkalim
verileriyle genel olarak uyumludur [13].

Tani Yasi Dagilimi Cinsiyet Dagilimi

350
300 4
250 4
230

200 -

Hasta Sayisi
Hasta Sayisi

17
4

il 04
10 20 30 40 50 60 70 80 920 Erkek Kadin Bilinmiyor  Bildiriimemis
Yas

Gorsel 3. Hastalarin Tam Yasina Gore Dagilimi ve Cinsiyet Orani
Tedavi tiirlerinin dagilimi incelendiginde (Gorsel 4), kemoterapinin en sik uygulanan tedavi
yontemi oldugu, bunu c¢esitli radyoterapi tiirlerinin izledigi goriilmektedir. Bu dagilim,
glioblastoma tedavisinde standart yaklasim olan cerrahi rezeksiyon sonrasi es zamanli
kemoradyoterapi protokoliyle (Stupp protokolii) genel olarak uyumludur [14].

En Sik Uygulanan Tedavi Turleri (ilk 8)
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Gorsel 4. En Sik Uygulanan Tedavi Tiirlerinin Dagilimi

4. GENEL DEGERLENDIRME VE SONUCLAR
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Bu calismada, TCGA-GBM klinik veri paketinin arastirmaya hazir hale getirilmesi i¢in izlenen
sistematik temizleme siireci ve elde edilen temiz veri setinin tanimlayici istatistikleri
sunulmustur. Bulgular, ham GDC klinik verilerinin dogrudan analiz edilebilir olmadigini;
stitunlarin biiyiik bir kisminin hastaliga 6zgili olmayan alanlardan kaynakli olarak bos kaldigini
ve hasta basina ¢oklu tani/tedavi kayitlarinin normalizasyon gerektirdigini gostermektedir.

Calismanin temel sinirliligi, TCGA-GBM kohortunun tani toplama doneminin 2013 yilinda
sona ermis olmasit ve family history.tsv dosyasmmin tamamen bos olmasi nedeniyle aile
Oykiistine dair hi¢bir bilginin degerlendirilememesidir. Buna karsin, temizlenmis ve normalize
edilmis hasta/tani/tedavi tablolari, ileride yapilacak sagkalim analizleri [15] i¢in saglam bir
temel olusturmaktadir. Bu calismanin, benzer agik kaynakli klinik onkoloji veri setleriyle
calisan arastirmacilara uygulanabilir bir temizleme protokolii sunmasi beklenmektedir.
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ABSTRACT

Unstructured financial documents stored in cloud-based accounting systems are often
underutilized in analytical processes. This study considers these documents from the
perspective of “dark data” and proposes an end-to-end decision support approach that integrates
OCR-based data extraction, data transformation, and financial forecasting. Due to limited
access to real-world invoice data, a synthetic financial dataset comprising 60 months of daily
records from the technology, retail, and manufacturing sectors was used. Linear Regression,
SARIMA, Random Forest, and XGBoost models were evaluated on monthly total expense time
series, and their performance was assessed using MAE, RMSE, MAPE, and R? The
experimental results showed that SARIMA achieved the best forecasting performance, with an
MAE of TRY 41,640, an RMSE of TRY 58,463, an MAPE of 1.3%, and an R? of 0.97. The
findings indicate that seasonal time-series models may be particularly effective for expense
series exhibiting pronounced annual seasonality. This study proposes an integrated decision
support architecture that transforms cloud-stored financial documents into actionable financial
insights through OCR-based data extraction, financial forecasting, and managerial alerts.

Keywords: Cloud Accounting, Financial Forecasting, Optical Character Recognition, Machine
Learning, Dark Data, Decision Support Systems.

1. INTRODUCTION

With the widespread adoption of cloud computing, businesses increasingly store their
accounting and financial documents in cloud-based systems accessible over the Internet rather
than relying on local infrastructure. The Software as a Service (SaaS) model provides an
attractive solution, particularly for small and medium-sized enterprises, due to advantages such
as accessibility, scalability, automated maintenance, and low initial costs. However, storing
data in the cloud does not necessarily create analytical value. A substantial portion of invoices,
receipts, and income and expense records may be archived without content-level analysis and
therefore remain underutilized in decision support processes [1].
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Such data, although generated and stored during operational activities, can be considered “dark
data” when they are not used for analytical or strategic purposes. In the context of financial
documents, the primary challenge is to transform unstructured file-based content into machine-
readable and structured data and integrate these data into financial analysis and decision support
processes. Optical Character Recognition (OCR) techniques [2] enable the extraction of fields
such as dates, suppliers, taxes, total amounts, and expense items from invoices and similar
documents, while Extract, Transform, Load (ETL) processes support the cleaning,
transformation, and organization of the extracted information into structures suitable for
analysis [3].

Financial expense time series may exhibit various temporal characteristics, including long-term
trends, seasonal variations, irregular fluctuations, and outliers [4]. Therefore, no single
forecasting method can be expected to achieve superior performance across all expense
patterns. While Linear Regression provides an interpretable baseline, classical time-series
models such as SARIMA allow trends and seasonality to be modeled explicitly. Random Forest
and XGBoost, on the other hand, can capture more complex expense patterns through their
ability to learn nonlinear relationships [5, 6]. Studies comparing ARIMA and deep learning
models for financial time series [7, 8], as well as machine learning approaches for stock and
market index forecasting [9, 10], have shown that forecasting performance depends not only on
the selected model but also on the temporal characteristics of the underlying dataset.

The aim of this study is to demonstrate how analytically underutilized unstructured financial
documents stored in cloud-based accounting systems can be processed within an end-to-end
decision support architecture that integrates OCR-based data extraction, ETL, feature
engineering, and financial forecasting. Due to access, sharing, and privacy constraints
associated with real-world corporate invoice data, a synthetic dataset designed to represent the
fundamental temporal characteristics of real financial data was used for the experimental
evaluation of the forecasting models. This approach enables the data-generation mechanism to
be defined in a controlled manner and allows Linear Regression, SARIMA, Random Forest,
and XGBoost to be compared on the same financial time series.

The key contribution of this study lies in integrating unstructured financial documents with
managerial decision support through a unified process that extends beyond the comparison of
forecasting models. The proposed architecture combines document acquisition, OCR-based
data extraction, ETL, feature engineering, forecasting, dashboard visualization, and an alert
mechanism within a unified workflow. Through this architecture, forecasting results can be
converted into managerial alerts related to potential budget overruns or unusual spending
patterns. Thus, the study presents a practical approach that integrates document processing and
financial forecasting within a cloud-based decision support architecture.

2. MATERIALS AND METHODS

This section presents the methodological framework of the study, covering dataset preparation
and feature engineering, forecasting models and performance metrics, end-to-end system
design, experimental evaluation, and considerations related to data quality, privacy, and
practical applicability.
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2.1. Dataset Preparation and Feature Engineering

The data preparation process was designed at two levels. The first focuses on transforming
unstructured financial documents stored in the cloud into structured data within a real-world
usage scenario, while the second involves generating synthetic financial time series for the
experimental evaluation of the forecasting models. This distinction separates the document-
processing layer of the proposed system from the experimental evaluation of the forecasting
models.

At the document-processing level, invoice images are first subjected to preprocessing
operations such as noise removal, skew correction, and binarization. PDF/image parsing, OCR-
based text extraction, invoice field and table detection, and schema validation are then
performed to convert the extracted information into structured JSON data. Tesseract OCR,
Google Cloud Vision, and EasyOCR were considered alternative OCR solutions for this
purpose. Tesseract is an open-source and trainable OCR engine, Google Cloud Vision provides
cloud-based OCR capabilities, and EasyOCR is an open-source deep learning-based OCR
solution [11], [12].

The primary fields targeted for OCR-based extraction include the date, supplier, expense
category, net amount, value-added tax (VAT), total amount, and invoice line items. The
extracted information is organized into structured JSON records and subsequently passed to the
ETL process. During the ETL stage, data cleaning, format and category standardization, and
monthly aggregation are performed to construct financial time series suitable for the forecasting
models.

Due to restrictions on accessing and sharing real-world corporate invoice data, controlled
synthetic financial data were used for the experimental evaluation of the forecasting models.
The dataset consists of daily observations covering a 60-month period across three sectors:
technology, retail, and manufacturing. Two companies were modeled for each sector, and a
company-specific scaling factor was sampled from a uniform distribution, U(0.85, 1.15), to
represent differences in company size. In total, approximately 43,800 daily observations were
generated. The expense series were designed to represent fixed, seasonal, irregular, and variable
spending patterns.

Synthetic observations were generated by combining long-term trend, annual seasonality,
Gaussian noise, and sparse anomaly components. the expense value on day t is defined in
Equation (1):

Y, = B(1+at)|1 '(Znt) 1)
w = B( +a)[ + Bsin 365.25]+et+m

where B denotes the category-specific baseline expense, a represents the linear growth/trend
coefficient, £ represents the amplitude of annual seasonality, &, represents daily random
variation, and n, represents the sparse anomaly component. Depending on the expense
characteristics, the noise level was set to approximately 5-28% of the baseline amount.
Anomalies were generated using a Bernoulli process with a probability of approximately p =
0.004. When an anomaly occurred, an additional spike approximately 2.5-4.5 times the baseline
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expense was introduced. This mechanism resulted in 163 anomalous observations,
corresponding to approximately 0.37% of the dataset. Thus, rather than generating a dataset
consisting solely of random values, a controlled proxy dataset incorporating long-term trends,
annual cycles, daily variability, and sparse financial shocks was constructed. Before
forecasting, the generated daily expense records were aggregated into monthly totals. Figure 1
illustrates the resulting monthly total expenditure patterns for the technology, retail, and
manufacturing sectors over the 60-month period.

- 60-Month Synthetic Dataset — Sector-Based Monthly Total Expenses

— Technology
1.8 4 = Retail
—— Manufacturing

1.2

2022 2023 2024 2025 2026
Year

Monthly Total Expenses (TL)

Figure 1. Sector-based monthly total spending pattern of a 60-month synthetic dataset.

The daily expense records were aggregated into monthly totals prior to the forecasting stage.
As part of the feature engineering process, a chronological time index, sine and cosine
transformations representing the cyclical nature of the month, lagged expense values, and
expense category information were used. The sine and cosine transformations preserve the
cyclical relationship between consecutive periods, particularly between December and January,
while the lagged variables enable historical expense information to be incorporated into future-
period forecasts. These features constituted the common input structure for the machine
learning-based forecasting models.

2.2. Forecasting Models

In this study, four forecasting models — Linear Regression (LR), Seasonal Autoregressive
Integrated Moving Average (SARIMA), Random Forest (RF), and Extreme Gradient Boosting
(XGBoost) — were employed to compare their forecasting performance on financial expense
series with different structural characteristics. These models were selected to represent and
compare different modeling approaches capable of capturing simple linear relationships,
temporal dependencies and seasonality, and nonlinear patterns.

LR served as the baseline model in this study. Its primary purpose was to capture the overall
linear trend in expenses and provide a simple and interpretable reference against which the
forecasting performance of more complex methods could be evaluated.

SARIMA was employed to model trends, autoregressive dependencies, and particularly annual
seasonality in the monthly aggregated financial expense series. The model is generally
expressed as SARIMA(p,d,q)(P,D,Q)s, where p, d, and g denote the autoregressive order,
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degree of differencing, and moving-average order, respectively, while P, D, and Q represent
their seasonal counterparts [13]. In this study, a SARIMA(1,1,1)(1,1,0):2 configuration was
used for the monthly expense series, with the seasonal period set to s = 12 to represent annual
seasonality.

RF is an ensemble learning approach based on bagging that employs multiple decision trees
[5]. By combining the outputs of trees trained on different subsets of the data, RF can produce
more stable predictions than an individual decision tree. In this study, RF was evaluated for its
ability to model nonlinear relationships and interactions among features in the financial expense
series.

XGBoost is a gradient boosting-based ensemble learning method in which decision trees are
constructed sequentially [6]. Each new tree is trained to reduce the prediction errors of the
preceding models, enabling the method to capture complex and nonlinear relationships. In this
study, XGBoost was employed as an alternative machine learning approach capable of learning
nonlinear patterns in expense series using temporal and seasonal features.

The fundamental modeling approaches and the rationale for selecting the four models are
summarized in Table 1. This experimental design enables a comparison of a linear baseline
model, a classical time-series model that explicitly accounts for seasonality, and two tree-based
ensemble learning approaches using the same experimental dataset.

Table 1. Comparing forecasting models

Model Approach Key Role/Advantage in the Study

LR Linear regression / baseline I_nterpretable base patterns and modeling of
linear trends

SARIMA Seasonal time series model Direct modellng_ of temporal dependence and
annual seasonality

RE Bagging-based tree ensemble Modellr)g of no_nlmear relationships and
feature interactions

XGBoost Gradient boosting-based tree ensemble Modeling of complex nonlinear patterns

2.3. Performance Metrics

Since financial expenses are predicted as continuous values, four complementary metrics
appropriate for regression problems were used to evaluate model performance: Mean Absolute
Error (MAE), Root Mean Squared Error (RMSE), Mean Absolute Percentage Error (MAPE),
and the Coefficient of Determination (R?). MAE and RMSE were used to assess the magnitude
of prediction errors, MAPE to measure relative errors in percentage terms, and R? to evaluate
the proportion of variance in the observed values explained by the model.

MAE measures the mean absolute deviation between the observed and predicted values [14].
As defined in Equation (2), a lower MAE indicates a lower average prediction error.
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n
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RMSE assigns greater weight to large prediction errors than MAE because it is based on
squared errors [15]. As shown in Equation (3), a lower RMSE indicates that large deviations
between actual and predicted values are more limited.

n
1
RMSE = EZ(yi — 92 (3)
i=1

MAPE evaluates model performance in percentage terms by expressing absolute prediction
errors relative to the actual observed values [16]. As given in Equation (4), a lower MAPE
indicates that the predictions are proportionally closer to the actual values.

n
100 i — Vi
MAPE = Z‘yl yl‘ @)
n &l

i=

The Coefficient of Determination (R?) was used to evaluate the extent to which the model
explains the variability in the observed values. As defined in (5), R? is calculated as follows:

_ (i — 371')2

R?=1 (5)

An R? value approaching 1 indicates that the model explains a greater proportion of the
observed variability, whereas values close to 0 indicate limited explanatory power. However,
R? can also take negative values, particularly when evaluated on test data. A negative R2
indicates that the model performs worse than a baseline prediction based on the mean of the
actual values. Therefore, a fixed range of 0 — 1 was not assumed for R? in the model
comparisons, and higher R? values were interpreted as indicating better predictive performance.
Here, n denotes the total number of observations; y;, the actual expense value, ¥; the expense
value predicted by the model, and y the mean of the actual expense values. MAE and RMSE
are expressed in the same unit as the expense values, whereas MAPE is reported as a percentage.
Overall, lower MAE, RMSE, and MAPE values and higher R? values indicate better forecasting
performance.

2.4. End-to-End System Design

The proposed system architecture consists of six main layers: (i) document processing and
OCR, (ii) ETL, (iii) feature engineering, (iv) forecasting, (v) dashboard visualization, and (vi)
an alert mechanism. In the first layer, invoices and similar financial documents are processed
using OCR to extract and transform fields such as date, supplier, expense category, net amount,
value-added tax (VAT), and total amount into structured data. To reduce the propagation of
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OCR-related errors to subsequent stages, schema validation is applied to fields such as date
format, amount consistency, and category information. In the ETL layer, the extracted records
are cleaned, standardized, and aggregated at the monthly level. Features such as the
chronological time index, sine and cosine transformations of the month, lagged expense values,
and expense category information are then prepared and passed to the forecasting layer. In this
layer, Linear Regression, SARIMA, Random Forest, and XGBoost are employed to generate
expense forecasts. The resulting forecasts are presented through a dashboard, and managerial
alerts are generated when a predefined budget threshold is exceeded or an unusual deviation is
detected. The proposed end-to-end data flow and system layers are illustrated in Figure 2.
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Figure 2. Proposed end-to-end cloud-based financial analytics and forecasting architecture.

Due to access and data-sharing restrictions associated with real-world corporate invoice data,
controlled synthetic financial data were used in the experimental evaluation rather than direct
OCR outputs. Therefore, the experimental results do not represent the performance of the entire
architecture under real-world operating conditions; instead, they primarily reflect the
performance of its analytical and forecasting components. Future work will evaluate the system
using real-world financial documents, with particular emphasis on OCR accuracy, field
extraction performance, and the impact of different invoice layouts on overall end-to-end
system performance.

2.5. Experimental Design and Model Comparison Procedure

The experimental evaluation was conducted using 60 months of daily synthetic financial data,
with the daily records aggregated into monthly total expense series prior to forecasting. To
preserve the chronological structure of the data, the first 48 months were used as the training
set, while the final 12 months were reserved as the test set. This chronological split prevented
future observations from being incorporated into the training process.

Linear Regression, SARIMA, Random Forest, and XGBoost were compared over the same test
period using the MAE, RMSE, MAPE, and R? metrics defined in Section 2.3. The evaluation
was performed on both the overall monthly expense series and individual expense categories
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exhibiting different temporal characteristics. In addition, feature importance was examined for
the Random Forest and XGBoost models to interpret their forecasting behavior and assess the
relative contribution of different features to the predictions.

2.6. Data Quiality, Privacy, and Applicability

Since accounting documents contain sensitive financial information, data privacy and access
control are among the fundamental system requirements in real-world deployment
environments. As real-world corporate invoice data were not used in this study, no financial
information belonging to any actual organization was processed. In a real-world
implementation, however, OCR outputs, structured financial records, and forecasting results
should be protected through appropriate access control and secure data transmission
mechanisms [17]. Although the use of synthetic data provides advantages in terms of privacy
and reproducibility, it does not fully capture OCR errors, missing records, or organization-
specific characteristics that may arise in real-world data.

The proposed modular architecture is designed to be integrated into existing cloud-based
accounting systems as an analytical layer. Structured data obtained through OCR and ETL
processes are intended to be transferred to the forecasting layer, while the resulting outputs are
presented through a dashboard and alert mechanism. This modular design separates core
accounting operations from analytical decision support functions and enables the forecasting
models to be updated independently.

3. FORECASTING MODELS AND PERFORMANCE EVALUATION

Model performance was evaluated using a single time series obtained by aggregating the
monthly expenses of all companies, without distinguishing between sectors or expense
categories. The final 12 months were reserved as the test set, and the four forecasting models
were compared over the same test period. The resulting MAE, RMSE, MAPE, and R? values
are presented in Table 2.

Table 2. Model performance across the entire expense series.

Model MAE (TL) RMSE (TL) MAPE (%) R2
Linear Regression 227,715 276,489 75 0.29
SARIMA 41,640 58,463 1.3 0.97
Random Forest 205,407 227,769 6.5 0.52
XGBoost 160,556 179,774 4.9 0.70

As shown in Table 2, SARIMA was the best-performing model across all performance metrics.
It achieved high forecasting accuracy over the test period, with an R? of 0.97 and a MAPE of
1.3%, whereas Linear Regression exhibited the lowest performance, with an R? of 0.29.
XGBoost (R? = 0.70) and Random Forest (R? = 0.52) achieved intermediate performance
between these two models. The actual and predicted total expense series for the final 12-month
test period are presented in Figure 3.
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Figure 3. Monthly total expense series and model forecasts for the final 12-month test period.

To examine how model performance varies according to the temporal characteristics of the
expense series, an additional R? analysis was conducted for each expense category. The results
are presented in Table 3.

Table 3. R? comparison by expense category

Expense Type Character LR SARIMA RF XGBoost Best
Server infrastructure Stable 0.58 -2.72 -3.16 -3.68 LR
Energy / electricity Seasonal 0.08 0.98 0.88 0.87 SARIMA
Marketing Seasonal 0.06 0.99 0.80 0.83 SARIMA
Raw materials Stable 0.45 -0.00 0.02 -0.01 LR
Logistics / fuel Trendy 0.38 -0.40 0.18 0.63 XGBoost
Maintenance and repair Irregular 0.15 -0.66 -0.50 -0.20 LR
Personnel Variable 0.40 —-0.06 0.10 0.31 LR

Table 3 shows that model performance varies considerably depending on the temporal
characteristics of the expense series. For the energy/electricity and marketing expense series,
which exhibit pronounced seasonality, SARIMA achieved the best performance, with R? values
of 0.98 and 0.99, respectively. Linear Regression performed best for relatively stable expense
series, whereas XGBoost achieved the highest performance for logistics/fuel expenses
characterized by a trend, with an R? of 0.63. For maintenance/repair and personnel expenses,
the generally low R? values indicate that the evaluated models were able to explain only a
limited proportion of the variability in these series.

These results suggest that the pronounced annual seasonality in the aggregate expense series
contributed substantially to SARIMA’s overall forecasting performance. In contrast, the
variation in model performance across expense categories indicates that relying on a single
forecasting model may not be appropriate for all financial expense series. An analysis of feature
importance for the tree-based models further showed that the time/trend feature played a
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prominent role in the predictions of both Random Forest and XGBoost. The distributions of
model residuals over the final 12-month test period are compared in Figure 4.

Residual Analysis: Actual - Predicted (Test, Last 12 Months)

400,000 4
—e— Linear Regression —e— Random Forest

—e— SARIMA —o— XGBoost
200,000

Residual (TL)

-200,000 4

~400,000 4

-600,000

2025-06 2025-07 2025-08 2025-09 2025-10 2025-11 2025-12 2026-01 2026-02 2026-03 2026-04 2026-05
Month

Figure 4. Comparison of model residuals over the final 12-month test period.

The narrower concentration of SARIMA residuals around zero is consistent with the lower
MAE and RMSE values reported in Table 2. Linear Regression exhibited larger and more
systematic deviations, whereas Random Forest and XGBoost produced more moderate error
distributions. Overall, these findings indicate that the residual analysis is consistent with the
numerical performance metrics.

4. DISCUSSION AND CONCLUSION

The findings indicate that financial forecasting performance depends not only on model
complexity but also on the temporal characteristics of the expense series. For the aggregate
monthly expense series, SARIMA achieved the best overall performance, with an MAE of TRY
41,640; an RMSE of TRY 58,463; an MAPE of 1.3%, and an R? of 0.97. The expense-category-
level results further showed that SARIMA performed better for seasonal series, Linear
Regression for relatively stable series, and XGBoost for the logistics/fuel expense series
characterized by a trend. These findings suggest that selecting forecasting models according to
the temporal characteristics of the data may be more appropriate than relying on a single model
for all expense categories.

The low or negative R? values observed for some expense categories indicate that the evaluated
models were unable to adequately explain the variability in these series. In particular, the
limited performance observed for irregular expense series suggests that forecasting accuracy
depends not only on model capacity but also on the presence of learnable patterns in the
underlying data. In this context, using Linear Regression as a baseline provided a meaningful
reference for assessing the performance gains achieved by more complex forecasting models.

The present study is subject to several limitations. Since the experiments were conducted using
synthetic data, the evaluation does not capture the effects of OCR errors, missing records,
heterogeneous document layouts, or other data-quality issues that may arise in real-world
financial documents. In addition, external economic variables were not incorporated into the
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forecasting models, and model performance was evaluated using a single 12-month test period.
Therefore, the findings should be further validated using real-world business data and across
different evaluation periods.

In conclusion, this study proposes a cloud-based decision support architecture that integrates
OCR, ETL, feature engineering, financial forecasting, dashboard visualization, and an alert
mechanism. Future work will focus on validating the proposed system using real-world
financial documents, applying walk-forward evaluation, incorporating external variables into
the forecasting process, and comparing alternative forecasting methods such as LSTM and
Prophet. These extensions are expected to provide a more comprehensive assessment of the
proposed approach and its potential to support the effective use of financial data stored in cloud-
based accounting systems for forecasting and managerial decision support.
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ABSTRACT

In this study, a gravity-based energy storage system was designed as a solution to the
intermittent nature of wind energy. Excess energy is stored as potential energy by lifting a mass
and is converted back into electricity when needed. The system architecture, energy capacity,
and mechanical requirements were calculated, and an FSM-based control architecture was
developed for safe energy management. Simulations showed that the system operates stably
under charging, discharging, and fault conditions. In addition, energy flow was monitored in
real time through a Java-based digital twin platform, and the control algorithms were verified.
The results demonstrate that gravity batteries can be a long-lasting, safe, and environmentally
friendly storage alternative in renewable energy systems.

Keywords: Gravity Battery, Wind Energy, Digital Twin, Renewable Energy.
1. INTRODUCTION

Interest in renewable energy sources is increasing day by day due to rising global energy
demand, diminishing fossil fuel reserves, and environmental concerns. Wind energy, in
particular, has become one of the key components of the energy sector thanks to its low carbon
emissions, sustainable structure, and decreasing investment costs with technological
advancements. As in many countries, installed wind energy capacity in Turkey is continuously
increasing and holds a significant share in electricity generation. One of the most important
disadvantages of wind energy is that generation depends directly on meteorological conditions.
Due to variations in wind speed, energy production cannot be carried out continuously and
stably, which makes it difficult for grid operators to maintain the supply-demand balance. In
particular, the decrease in energy production under low wind conditions and the surplus energy
generated under high wind conditions increase the importance of energy storage systems [1].
Today, the most widely used technology in energy storage applications is lithium-ion and
similar chemical battery systems [2]. Although these systems offer high energy density, they
have several disadvantages such as limited cycle life, environmental impacts, temperature
sensitivity, fire risk, and high investment costs. Especially in grid-scale applications, the
growing need for long-duration energy storage has made it necessary to investigate alternative
storage technologies. One of these alternatives, gravity batteries, stores energy in the form of
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mechanical potential energy [3]. Their basic operating principle is based on lifting a certain
mass using excess energy and converting it back into electrical energy by lowering the mass in
a controlled manner when needed [4]. Gravity-based energy storage systems have become an
important research area in recent years due to their advantages such as long cycle life, low
environmental impact, high safety level, and large-scale energy storage potential [5].

In this study, an intelligent gravity battery system that can operate in integration with wind
energy was designed. The energy management of the system was implemented with an FSM
(Finite State Machine)-based control architecture, and safe transitions between charging,
bypass, and discharging modes were ensured. In addition, a Java-based digital twin platform
was developed to monitor system behavior, evaluate fault scenarios, and support operational
decision-making processes. Within the scope of the study, the system architecture was
established, engineering analyses were performed, and the applicability of the proposed
structure was evaluated through simulation results.

2. MATERIALS AND METHODS

The gravity battery is the main energy storage element of the system. The storage process is
based on the principle of lifting a certain mass vertically upward using excess electrical energy
and thus storing it in the form of potential energy. During energy recovery, the mass is moved
downward in a controlled manner and the mechanical energy is converted back into electrical

energy [6].

The motor-reducer system enables the generation of mechanical movement during energy
storage and recovery processes. In charging mode, the motor operates as a driver, lifting the
mass upward; in discharging mode, it operates as a generator, producing electrical energy.
Thanks to the reducer structure, high torque is obtained at low speeds and the load is moved
safely. The vertical movement of the mass is carried out by means of a rope, pulley, and drum
mechanism. Thanks to the rope wound around the drum, the motor movement is converted into
linear motion. This structure ensures that the load is lifted and lowered in a controlled manner.
A bidirectional power electronics architecture suitable for energy conversion was used to
manage energy flow in the system. Thanks to the DC-Link structure, PWM-based driver
control, and energy orientation algorithms, charging and discharging processes are kept under
control. In addition, in cases of excessive energy, a dump-load mechanism is used to ensure
system safety [7]. The energy management of the system is implemented with a Finite State
Machine (FSM)-based control architecture. The control algorithm consists of four main
operating states: CHARGE, BYPASS, DISCHARGE, and FAULT. By continuously
monitoring system parameters, automatic transitions between operating modes are performed.
The mechanical system flow is given in Figure 1.
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Figure 1. Mechanical system flow

Within the scope of the study, a Java-based digital twin application was developed to monitor
and verify system behavior. Through this platform, energy flow, system status, storage level,
fault scenarios, and FSM transitions can be displayed in real time; thus, system performance
can be analyzed without the need for a physical prototype. In this study, a gravity-based energy
storage system was designed as a solution to the intermittency problem of wind energy and
modeled in a simulation environment. The system architecture was established, energy flow
algorithms were developed, and the behavior of the system under different operating conditions
was examined using an FSM-based control approach. The proposed system consists of a wind
turbine, power electronics layer, motor-reducer group, rope-drum mechanism, gravity battery,
and control system. The energy obtained from the wind turbine is first processed in the power
electronics layer, and then transferred directly to the load or stored depending on system
conditions. The basic principle of the system is based on lifting a mass upward with excess
energy and storing it as potential energy. In cases where energy demand increases or generation
is insufficient, the stored energy is recovered in a controlled manner and converted into
electricity. In charging mode, excess energy drives the motor-reducer group, the mechanical
motion transferred to the drum mechanism lifts the load upward, and energy is stored in the
form of potential energy. The amount of stored energy is calculated with the equation E = m.g.h
(m: load mass, g: gravitational acceleration, h: lifting height). In discharging mode, the load is
lowered in a controlled manner and the resulting mechanical energy is converted back into
electricity by the motor-generator group. The energy management of the system is carried out
with an FSM-based control architecture that provides automatic and safe transitions between
different operating states. The FSM structure continuously monitors system parameters,
determines the appropriate operating mode, and manages energy flow accordingly. Various
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protection mechanisms have been integrated into the control algorithm for safe operation. The
system continuously monitors conditions such as overcurrent, overvoltage, sensor
communication loss, and mechanical limit violation; when a critical fault is detected, it switches
to FAULT mode, cuts off energy flow, and initiates the safe shutdown procedure. In addition,
in the event of excessive energy, the dump-load structure is activated to keep the DC bus voltage
within safe limits. In the Java-based digital twin platform developed for the analysis of system
behavior, energy flow, system status, storage level, and fault scenarios were modeled in real
time; system performance under charging, bypass, discharging, and fault conditions was
evaluated, and the operating logic of the control algorithm and energy management strategies
were verified.

3. RESULTS AND DISCUSSION

The performance of the developed gravity-based energy storage system was evaluated using
the engineering model and the digital twin platform. In the analyses, energy storage capacity,
mechanical requirements, control algorithm behavior, and fault scenarios were examined. In
the reference scenario where a 500 kg mass is lifted to a height of 50 m, it was observed that
the system can store a significant amount of energy using the potential energy equation. It was
determined that the storage capacity is directly related to the load mass and lifting height, and
therefore the system can be scaled according to different energy requirements. In the rope-drum
mechanism analysis, it was calculated that a torque requirement of approximately 490.5 Nm
occurs on the drum. This situation showed that the system requires high torque at low speed
and that a motor-reducer solution is necessary. It was observed that the FSM-based control
structure successfully manages system behavior. When there is surplus generation, the system
automatically switches to CHARGE mode; when energy demand increases, it switches to
DISCHARGE mode; and when generation and consumption are balanced, BYPASS mode
becomes active. It was observed that the FSM architecture performs stable and predictable
transitions between operating modes. In the cycle efficiency analysis conducted by considering
mechanical and electrical losses, it was revealed that energy storage and recovery processes can
be carried out with high efficiency. The obtained results show that despite various losses, the
system offers a feasible energy storage solution and that efficiency can be further increased
with appropriate control strategies. Within the scope of safety verification, fault scenarios such
as overcurrent, sensor communication loss, DC bus voltage rise, and mechanical failures were
examined; it was observed that the FSM algorithm successfully detects these conditions,
switches the system to FAULT mode, cuts PWM outputs, and safely stops energy flow. In
addition, it was determined that the dump-load mechanism is activated in cases of excessive
energy to maintain system stability. Thanks to the Java-based digital twin platform, energy
flow, storage level, FSM states, and fault scenarios could be monitored in real time; the platform
made a significant contribution to analyzing system behavior and verifying the control
architecture without requiring a physical prototype.
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4. CONCLUSION

In this study, a gravity-based energy storage system was designed as a solution to the
intermittency problem of wind energy, and the system was examined using engineering
analyses, control algorithms, and a digital twin approach. Excess energy is stored as potential
energy by lifting a mass and is converted back into electricity when needed. An FSM-based
control architecture was developed for safe energy management; simulations showed that the
system successfully carries out energy storage and recovery processes and maintains safe
operation under fault conditions. Energy flow was monitored in real time with the Java-based
digital twin platform, and the control algorithms were verified. The findings demonstrate that
gravity batteries can be a long-lasting, safe, and environmentally friendly storage alternative in
renewable energy systems. Future studies aim to develop a physical prototype, establish a real-
time data infrastructure, and integrate the digital twin platform with field data..
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ABSTRACT

In this study, a system that performs real-time voice transmission over a CAN (Controller Area
Network) bus was designed and implemented to provide secure and low-cost voice
communication in industrial environments. The system is based on the principle of digitizing
the analog voice signal received via a microphone with the SGTL5000 audio codec,
compressing it with the ADPCM algorithm, and carrying it within CAN data frames. On the
receiver side, the incoming data is decoded, resampled using linear interpolation, and obtained
as intelligible sound through a speaker. A Teensy 4.1 microcontroller with a 600 MHz ARM
Cortex-M7 processor was used as the system controller; Audio Shield Rev D was preferred for
audio processing, and the TJA1042 CAN transceiver IC was chosen for the physical CAN
connection. The developed software architecture is entirely interrupt-based, and the processor
load remained at 4%. In the tests conducted, it was verified that real-time voice transmission
was achieved without perceptible delay. As a result, voice communication capability was added
to the existing CAN infrastructure with only minor hardware additions; the system was shown
to be applicable in different fields such as factories, military vehicles, and passenger transport
vehicles.

Keywords: ADPCM, CAN, Real-time voice transmission, SGTL5000, Teensy 4.1.
1. INTRODUCTION

The ability of personnel working in areas such as industrial production facilities, large-scale
vehicles, and heavy machinery environments to establish secure and instantaneous
communication constitutes a critical requirement in terms of work efficiency and occupational
safety. Challenging conditions such as high noise levels, electromagnetic interference, and
complex cabling infrastructure significantly reduce the reliability of wireless communication
solutions in these environments. Adding additional hardware and cabling to the existing
communication infrastructure, on the other hand, both increases the cost and creates serious
difficulties in terms of installation complexity [1]. For this reason, the need for solutions that
reevaluate the existing industrial communication infrastructure and do not require an additional
communication line is increasing [2].
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In this study, a communication system that performs real-time voice transmission over the CAN
(Controller Area Network) bus, which is already widely used in industrial systems, was
designed and implemented. In the system, the Teensy 4.1 microcontroller, Audio Shield Rev D
containing the SGTL5000 audio codec, the TIA1042 CAN transceiver IC, and a logic level
converter circuit were used. The voice data was compressed with the ADPCM algorithm,
packaged into CAN data frames, and transmitted over the bus at a speed of 1 Mbps. On the
receiver side, the incoming data was decoded, resampled with linear interpolation, and obtained
as intelligible sound from the speaker. The developed system adds voice communication
capability to the existing CAN infrastructure with minimal hardware addition; it can be easily
adapted to different application areas such as factories, military vehicles, and passenger
transport vehicles.

2. MATERIALS AND METHODS

The Teensy 4.1 is a high-performance microcontroller board developed by PJRC. It features an
ARM Cortex-M7 processor running at a clock speed of 600 MHz, a hardware floating-point
unit (FPU), 1 MB of SRAM, and hardware support for communication protocols such as CAN,
12S, SPI, and UART [3]. Its compatibility with the Arduino IDE simplifies the development
process. The Teensy 4.1 was selected for this study due to the requirement for the simultaneous
execution of real-time audio processing and data transmission via CAN [4]. Figure 1 shows the
Teensy 4.1.
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a) b)
Figure 1. Teensy 4.1 a) pins and b) Audio Shield

Audio Shield Rev D is an audio processing board that works directly compatible with Teensy
4.1. The SGTL5000 audio codec IC on it hosts 16-bit resolution ADC and DAC units on a
single board; it enables the digitization of the analog signal received from the microphone input
and the conversion of the processed digital data back into analog form. This board, which
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communicates with Teensy 4.1 via the I2S protocol, eliminates the need for external ADC and
DAC circuits. In this study, audio input and output operations were performed through the
Audio Shield [5]. Microcontrollers cannot connect directly to the CAN bus; digital signals need
to be converted into the differential signal structure required by the bus. In this study, the
TJAL1042 CAN transceiver IC acts as a bridge between the Teensy 4.1 and the physical CAN
bus. It converts the signals coming from the microcontroller into differential signals that can be
carried on the CANH and CANL lines; in this way, high resistance against electromagnetic
noise is provided [6].

While the Teensy 4.1 operates at a 3.3 V logic level, the TIA1042 transceiver requires a 5 V
logic level. To eliminate this incompatibility, a BSS138-based bidirectional logic level
converter circuit was added between the two components. In this way, secure data transmission
was ensured between components operating at different voltage levels, and the long-term
reliability of the hardware was preserved. The developed system was built on two separate
circuits: transmitter and receiver. In both circuits, the Teensy 4.1 microcontroller, Audio Shield
Rev D, TJA1042 CAN transceiver, and logic level converter circuit were used together. The
components were brought together as a prototype on a breadboard; the Teensy 4.1 and Audio
Shield were placed directly on top of each other to provide the I2S connection. The TJIA1042
transceiver was connected to the Teensy 4.1 via the logic level converter circuit; the CANH and
CANL terminals were joined with a twisted pair cable drawn between the two boards, and 120
Q termination resistors were added to both ends of the line. On the transmitter side, an electret
microphone module was connected to the microphone input of the Audio Shield, and on the
receiver side, an 8 Q speaker was connected to the line output of the Audio Shield. Both circuits
were powered with 5 V via USB. The hardware setup implemented is given in Figure 2.

Voice Over CAN

Reciever

Figure 2. System a) hardware and b) transmitter/receiver units
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3. RESULTS AND DISCUSSION

The developed system was operated after the transmitter and receiver boards were physically
connected to each other with a CAN cable, and voice transmission tests were performed. When
the system was started on the transmitter side, the message "TX READY" was received via the
serial port; when speaking into the microphone, it was verified that the voice signal was
successfully sampled by the Audio Shield and packaged onto the CAN bus. On the receiver
side, after the "RX READY" message, real-time audio output was obtained from the speaker.
In the tests conducted, the status report sent by the receiver to the serial port every five seconds
was examined. In the measurements performed in a short-range and noise-free environment,
the number of lost frames remained at zero, and the buffer fullness rate was observed to remain
at a stable level. It was confirmed by listening tests that voice transmission occurred without
perceptible delay and that the speech obtained from the speakers was at a level that could be
clearly understood.

4. CONCLUSION

The study was successfully completed in accordance with the objectives set at the beginning; a
real-time voice communication system over a CAN-based communication infrastructure was
made operational. The hardware setup of the system was implemented without deficiencies,
and it was successfully verified that the analog voice signal received via the microphone was
processed through the Teensy 4.1 and Audio Shield, transmitted over the CAN bus, and output
from the speaker on the receiver side. In the tests conducted, it was observed that voice
transmission occurred without perceptible delay and that the speech quality obtained was at a
level that could be clearly understood.
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INVESTIGATION OF SEASONALITY IN MATHEMATICAL MODELS USING
FRACTIONAL DERIVATIVES

Asistant Professor, Mehmet Akif CETIN
Alanya Alaaddin Keykubat University, akif.cetin@alanya.edu.tr - 0000-0002-4991-5098

ABSTRACT

Fractional derivatives are generalizations of classical derivatives that provide powerful tools
for representing memory and hereditary effects in mathematical models. They have been
increasingly employed in biological, epidemiological, environmental, and physical systems
where the current dynamics may depend not only on the present state but also on the previous
history of the system. In this study, the use of fractional-order derivatives in mathematical
modeling is briefly reviewed, with particular emphasis on their potential role in modeling
seasonal dynamics. Seasonality refers to regular or approximately periodic variations in a
system occurring over specific time intervals. Such effects are particularly important in
epidemiological models, where factors such as temperature, humidity, human mobility, and
behavioral changes may lead to periodic variations in disease transmission. Accordingly,
seasonal SIR, SEIR, and related epidemic models can be formulated by introducing time-
dependent or periodic transmission parameters. Incorporating fractional derivatives into such
models provides an additional modeling capability by accounting for the memory effects of the
system alongside seasonal variations. Therefore, fractional-order models can offer a framework
for investigating the combined influence of periodic forcing and hereditary dynamics. In this
study, the potential contributions of different fractional derivative operators to seasonal
mathematical models are discussed, together with their differences from corresponding
classical-order models. The study aims to highlight the potential of fractional calculus as a
flexible approach for describing complex dynamical systems exhibiting both seasonal behavior
and memory effects.

Keywords : Fractional derivative, mathematical modeling, seasonality.
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OZET

Parazit, konak olarak kullandigi canliy1 hem besin kaynagi hem de yasam alani olarak kullanan
kiigiik boyutlu canlidir. Bir parazit, ev sahibinin hayatta kalmasina higbir sekilde katkida
bulunmayan dolayisi ile konak tarafindan istenmeyen hatta zararli goriilen bir olguyu ifade
etmektedir. Mimaride ise “parazit” mevcut bir yapiya eklenerek varligini siirdiirmek i¢in onu
kullanan, bagimsiz yeni bir yapidir. Mevcut yapiya eklemlenen bir yap1 olarak ¢agdas eklenti
olarak goriilse bile eklemlendigi yapidan ayrilarak yeni, farkli bir konuma taginabilmesi, esnek
ve gecici Ozelligi ile bu yapilardan ayrilmakta; yani sira kimlik o6zellikleri acisindan da
ayrigsmaktadir.

Mimaride parazit yaklasim giincel gereksinimler dogrultusunda binalarin gereksinim duyulan
mekansal ¢oziimlemeler i¢in yeniden inga edilmesi yerine, mevcut bina ve mekanlarin
adaptasyon ve uyarlanabilir yapisal ve mekansal ekler ile yasam dongiilerinin uzatilmasina
olanak saglamaktadir. Kentsel alanlarda mevcut yapi stogunun giincel gereksinimler
dogrultusunda daha verimli kullanilmasinda parazit olarak nitelenen ekler yapilanma tarihi
boyunca gerekli bulundugu durumlarda uygulanmis olup dénemsel yaklagimlar kapsaminda
farklh bakis agilari ile bicim bulmustur. Bu anlamda mimari bir miidahale olarak parazit yap1
bagimsiz olarak tek bagmma var olamayan ancak mevcut bina ve zaten belli bir iglev igin
tasarlanmis mekan organizasyonu ile entegre edilmeye calisilan ve 6zgiin yap1 6zellikleri ve
kimligini degistirip doniistiiren dinamik bir yapilanma ve mekanlasma siirecidir. Parazit olarak
bir yapiya eklemlenen mekan, mevcut mekansal organizasyonu ve iligkileri yeniden
tanimlamakta, ancak dogru ¢6ziimler iiretilmediginde mevcut mimari niteli§e zarar vermekte;
kimi durumlarda ise yeni olanaklar sunabilmektedir.

Bu bildiride 6ncelikle parazit tasarim ve mimarlik tanimlanarak bilesenleri 6rnekler baglaminda
irdelenmigstir. Mevcut yapili ¢cevreyi doniistliren parazit mimarligin niteligi, kimlik 6zellikleri,
olusturdugu sorun ve olanaklar tartigilarak islevsel ve mekan tasarimindaki rolii ortaya konarak
olumlu ve olumsuz boyutlar: ile ulusal ve uluslararasi 6rnekler kapsaminda degerlendirilerek
0zglin mimari ve ¢evre olusumu kapsaminda tartisilmistir.
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Anahtar Kelimeler: Parazit mimari, Parazit mekan, Parazit yapi, mimari tasarim, mekan,
kitsch, esnek mekanlar, estetik, islev, enstalasyon, ¢agdas ek

1. GIRIS

Yapili gevrelerin olusumunda basta kiiltiir ve mimarinin yani sira birgok bilesen birbiri ile
dinamik iliski i¢inde bulunmaktadir. Insanlar, barinma, iiretme, sosyal ve kiiltiirel birliktelikleri
gerceklestirmek amact ile bulunduklari ¢evreyi sekillendirmekte; binalar, mekanlar
tasarlamaktadir. Toplumsal olaylar, ekonomi, geleneksel ve kiiltiirel etkilesimler ve teknolojik
gelisimlerden etkilenen hem birey hem de yapili ¢evre gilincel gereksinimler dogrultusunda
yeni, farkli, yenilik¢i mimari yaklagimlar ile degismekte ve doniismektedir. Mimarlik da bu
anlamda bicim bulmakta, ¢esitli tislup ve akimlar kapsaminda binalar inga edilmektedir.

Parazit mimari, mevcut bir yapiya tutunarak var olan, binalarin kor cephelerini, kentsel atil
alanlar1 degerlendiren bir tasarim dili olarak tanimlanmaktadir (Bardzinska-Bonenberg, (2017).
Mimaride parazit yaklagim giincel gereksinimler dogrultusunda yeni bina insa edilmesi yerine
mevcut bir yapiya bagimli, malzeme ve form olarak mevcut yapidan farkli mekansal
eklentilerdir.

Hizla artan niifusa karsin kentsel mekanlarin ayni hizda doniisememesi barinma olgusunu en
onemli kiiresel sorunlardan biri olarak giindemde tutmaktadir. Kentsel mekan yetersizligi,
ekonomik adaletsizlik, go¢ gibi kiiresel sorunlar nedeni ile artan barinma sorununa her dénemde
farkli bakis agilart ile ¢oziim Onerileri gelistirmistir. Bunlardan biri de parazit mimari
yaklagimdir.

Giindelik yasamda ortaya ¢ikan dontlisimler sonucu mekansal tanimlar degisirken alternatif
mekan pratikleri izlenmektedir. Parazit mimari, mevcut yapinin fiziksel sinirlari disina eklenen,
disar1 tagan ya da sarkan bigimde uygulanan, gecici olma 6zellige sahip yapilardir. Burada
parazit eklenti bagimsiz bir yap1 olarak kabul edilse de eklemlendigi yapidan bagimsiz olarak
tek bagina var olamayacak niteliktedir.

Cagin ve kullanicilarin gereksinimleri dogrultusunda yapiya; yeni islevler ve mekanlar
eklemlenerek kullanim siirekliligi saglanmaktadir. Mevcut 6zgiin doku ve binalarda zaman
icinde ortaya ¢ikan sosyal, ekonomik, kiiltiirel ve teknolojik yeni gereksinimlere ¢ozim olarak
yapilan  eklemeler, mevcut yapmin gerekli bakim ve onarimmin yapilarak
giincellenmesine/yenilenmesine de olanak saglamaktadir. Malzeme ve yapim teknigi
bakimindan insa edildigi donemi yansitan ekler yapi ile biitiinleserek binanin fiziksel mekan
olarak genislemesine, degismesine olanak saglamaktadir. Cagdas ek olarak da adlandirilan bu
yapilanma mevcut bina ve cevre iligkisi, bina kimligi, konum, kiitle-oran, malzeme-doku
iligkilerini barindiran ¢ok katmanli bir tasarim siirecini gerektirmektedir. Bu dogrultuda cagdas
ekler yapinin kullanim bigimine, cephesine kalici olarak eklenen mimari ¢oziimlerdir. Parazit
yapilar ise esnek ve gecici 6zelligi ile bu yapilardan ayrilmaktadir.

Bu anlamda enstalasyon (yerlestirme sanati), kavramsal projeler ve mimari uygulamalar
olmak iizere farkli parazit mimari/parazit yapt uygulamalari bulunmaktadir. Sanatsal bir
performans sergilemek lizere alan Ozelinde tasarlanan, ii¢ boyutlu calismalar1 ifade eden
enstelasyon sanatinda katilimci etkilesimi 6nemli bir tasarim girdisi olarak kabul edilmektedir
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(Anonymus, 2024). Yerlestirme sanatinda eser, eklemlendigi alanin fiziksel o6zelliklerini
kullanarak anlam kazanan, mekanin mimari Ozelliklerini kullanarak alani smirli siire ile
degistiren bir deneyim sunmaktadir. Bu anlamda farkli sanat¢ilar barinma, go¢, dogal tahribat
gibi kiiresel sorunlara dikkat ¢ekmek tizere 6zel ve kamusal alanlarda parazit yapi olarak
adlandirdiklar eserler yerlestirmistir (Gorsel 1).

— e S

Gorsel 1 a. Eiffel DNA, Serero Architects 2009 (Url 1), b. Do Ho Suh's Bridging home, Londra,
2018 (Gautier Deblonde) (Url 2) c. paraSITE-Michael Rakowitz 1997 (Url 3)

Enstalasyon niteligindeki parazit olusumda eklemlenen yapinin gecici olmasi dogadaki konak-
parazit iliskisi kapsaminda 6nemli bir kriter olmaktadir. Bu bildiride dogada var olan parazit
(asalak) iliskisinden esinlenen parazit mimari/parazit yap1 ornekleri mimari uygulamalar ve
kavramsal projeler irdelenmis; heykel, kentsel obje veya sanatsal enstalasyon olarak
siiflandirilan parazit yapr uygulamalari ile ana yapiya kalici olarak eklenen, cagdas ek olarak
kabul edilebilecek uygulamalar dikkate alinmamastir.

2. MATERYAL VE YONTEM

Arastirmanin ana materyalini parazit mimari ile ilgili olarak gergeklestirilmis her tiirli
arastirma, literatiir verisi, yazili ve gorsel dokiiman olusturmaktadir. Calismanin
gerceklestirilmesinde {i¢ asamali yontem kullanilmistir. i1k asamada kuramsal ve teorik veriler
derlenmistir. Daha sonra elde edilen bulgular sentezlenmis ve parazit mimarlik, kimlik
ozellikleri, alternatif mekan kullanimlar tartisilmis ve son asamada da mevcut yapili ¢cevreyi
doniistiiren mimari ornekler degerlendirilerek 6zgiin mimari ve ¢evre olusumu kapsaminda
olumlu ve olumsuz yonleri degerlendirilmistir.

3. PARAZIT MiMARI

Dogada besin elde etmek, biiylimek ya da ¢ogalmak amaci ile baska bir canliy1 izinsiz, haksiz
yere kullanan yasayan organizmalar parazit olarak tanimlanmaktadir. Konak {lizerine davetsizce
yerlesen, varligin siirdiirmek amaci ile konaga tutunan, yasamsal gereksinimlerini konaktan
karsilayan ve bu siirecte konagin yasam dongiisiine hi¢cbir fayda saglamayan parazit konaga
dogrudan ya da dolayl olarak zarar veren yapiya sahiptir.
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Mimari baglamda ise “parazit” mevcut bir yapiya eklenerek varligini siirdiirmek icin onu
kullanan, uyarlanabilir, kalic1 ya da gegici olabilen yeni bir yapidir. Dogada var olan konak —
parazit iliskisine benzer bigimde tasarlanan bu yapilar striiktiirel ve altyapisal gereksinimlerini
eklemlendigi ana yapinin sistemi iizerinden kargilamaktadir.

Parazit yap1 bagimsiz olarak tek basina var olamayan ancak mevcut bina ve zaten belli bir iglev
icin tasarlanmis mekan organizasyonu ile entegre edilmeye ¢alisilan; 6zgiin yap1 6zellikleri ve
kimligini degistirip doniistiiren dinamik bir yapilanma ve mekanlagma siirecidir. Mevcut yapiya
eklemlenen mekan ¢agdas bir ek olarak goriilse de esnek ve kimi durumda gegici olma 6zelligi
de tasiyabilen yani sira kimlik 6zellikleri agisindan ¢agdas eklerden ayrismaktadir. Cagdas ekin
eklemlendigi yerden ayrilmasi/kaldirilmasi halinde yapida islevsel bir eksiklik olusmasina
ragmen parazit mekanin ayrilmasi ile yap1 6zgiin islevine devam edebilmektedir.

Pascal Héusermann tarafindan modiiler konaklama birimi olarak 1962 yilinda tasarlanan
Settlement Units parazit yapinin ilk 6rnegi kabul edilmektedir. Ancak tasarim alaninda parazit
kavrami ilk olarak Alman mimar O. M. Ungers tarafindan 1966 yilinda kullanilmistir. Ungers’e
gbére parazit mimari; planlanmamis, kendiliginden gelismis, sikisik, atil kalmis kentsel
bosluklarin ya da bina cephelerinin informal eklemeler ile kente yeniden adapte edilmesine
olanak saglayan tasarim yontemidir (Pit, Steller, Streng, 2017; Susam ve Cetin, 2024). Ungers
parazit kavramini kentsel ¢cevrenin doniisiimiinde mevcut ¢evreyi canlandiran, esnek bir tasarim
alternatifi olarak degerlendirmistir.

Parazit mimarinin bir diger 6nemli uygulamasi olan La Bulle-Pirate (Korsan Balon / Huicre)
1970 yilinda Marcel Lachat tarafindan tasarlanmistir. Lachat, konutunda gereksinim duydugu
mekan sorununa alternatif bir ¢6ziim gelistirerek pencere agikligina gelik destekler ile yaklasik
10 metrekarelik hafif bir kapsiil mekan eklemistir. Bebek odas1 olarak diizenlenen bu yap1 hem

izinsiz olmasit hem de kamu tepkisi nedeni ile kisa siire sonra kaldirilmistir (Boer, 2014),
(Gorsel 2).

Gorsel 2 La Bulle-Pirate (Boer, 2014) (Url 4, Url 5)

Parazit yap1 eklemlendigi binanin altyapisini kendi gereksinimleri dogrultusunda kullanarak
binayr mekénsal olarak zenginlestirmektedir. Bu baglamda gecici olarak bir yapiya bagimh
olarak varligini stirdiiren parazit eklenti yapiy1 hacim, boyut, malzeme, renk ve doku 6zellikleri
bakimindan degistirmektedir. Gelisen teknoloji ile birlikte daha hafif ve yenilik¢i malzemelerin
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kullanim1 yogun yapilasma alanlarinda parazit mimariyi bir elestiri olmaktan ¢ikarip yapisal ve
pratik sorunlara uygulanabilir ¢coziimler sunan bir tasarim stratejisine doniismektedir.

3.1 Parazit Mimari Uygulamalar:

Kentsel alanlarda mevcut yap1 stogunun giincel gereksinimler dogrultusunda daha verimli
kullanilmasinda parazit olarak nitelenen ekler yapilanma tarihi boyunca gerekli durumlarda
uygulanmis olup donemsel gereksinim ve trendler kapsaminda farkli bakis agilari ile bigim
bulmustur. Bu anlamda parazit mimari 6rneklerin mevcut yapilarin lizerinde, cephesinde, iki
yap1 arasina ya da kentsel alt yapiya eklemlendigi goriilmektedir.

Parazit mekanlar konak ile kurdugu yapisal, fiziksel ve 50ckansal iliskiye bagli olarak
farklilagmaktadir. Mevcut doku i¢inde dikkat ¢eken; malzeme, boyut, form 6zellikleri agisindan
Ozgiin yapidan farklilagan, aykir1 kitlesel ya da mekansal eklerdir. Yapisal olarak mevcut
striiktiire bagimlilik parazit yapinin tasariminda en Onemli tasarim bilesenidir. Bu
baglilik/bagimlilik parazit mekanin her ne kadar bagimsiz bir yap1 gibi kabul edilse de mevcut
konaktan ayrildiklarinda islevsiz kalmasina neden olmaktadir. Bu dogrultuda parazit, konak
binadan yapiya hi¢bir zarar vermeden ayrilabilmekte ve yap1 parazit oncesi islevine devam
edebilmekte; ancak parazitin kendine yeni bir konak bulmasi gerekmektedir.

Parazit yap1 genellikle konak olarak kullandig1 binanin tasiyici sistemine ¢elik ankrajlar ve aski
aparatlari ile sabitlenmektedir. Bu baglamda parazit eklerin imalatinda mevcut sistemin tagima
kapasitesini asmayacak bigimde aliiminyum, hafif metal-plastik alasimlar ya da kompozit
levhalar gibi hafif prefabrik/precast malzemeler tercih edilmektedir.

e Mimari Uygulamalar

2001 yilinda “Avrupa Kiiltiir Bagkenti” etkinlikleri kapsaminda Rotterdam insa edilen Las
Palmas Paraziti, Rotterdam limaninda yer alan eski bir deponun gatisina, asansoér kuyusu
iizerine yerlestirilmistir (Gorsel 3). Asansor safti iizerinden konak binanin teknik ve
mekanik alt yapisina baglanan yapi, geri doniistiiriilmiis ahsap paneller kullanilarak
modiiler olarak {iretilmis ve yerinde monte edilmistir. Proje mimarlarinin Las Palmas
paraziti olarak adlandirdigi bu projede parazit olgusu hem biyolojik bir benzetme olarak
kullanilmis hem de Ingilizce akronim ile agiklanmustir. Buna gore; Las Palmas Paraziti
gelismis, hazir yapim, amfibi, kii¢iik olcekli, bireysel, gegici ve ekolojik konut Prototipidir
(Prototypes for Advanced Ready-made Amphibious Small-scale Individual Temporary
Ecological dwelling) (Koskamp, 2001). 2005 yilinda ana yapiya zarar vermeden sokiilen
parazit bir siire depolanmis ve 2014 yilinda Rotterdam Limani’nda deneysel bir stiidyo ve
sanatsal faaliyet alani olarak tekrar kurulmustur.

50



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

Gorsel 3 a. Las Palmas Parazit, Hollanda (Mechthild Stuhlmacher ve Rien Korteknie, 2001)
(Url 6)

Sirt cantasi evi (Rucksack House) olarak bilinen ve ilk olarak 2004 yilinda Leipzig’de
kurulan parazit eklenti mevcut binanin catisina ve cephesine c¢elik kirisler ve kablolar
yardimi ile yerlestirilmistir. Eklemlendigi binanin cephesinde bulunan bir pencereden
erisim saglanana yapi; 9 metrekarelik bir alana sahip dikdortgen prizma seklindedir.
Yapinin tavan, taban ve cephelerinde serit pencereler bulunmaktadir. Rucksack House
tagimabilir bir {linite olarak tasarlanmisg olup 2005 yilinda Kdéln’de, 2011 yilinda ise
Bamberg’de farkli binalarin cephelerine yerlestirilmistir (Gorsel 4).

Gorsel 4 Rucksack House (Stefan Eberstadt, 2004) (Url 7)

2006 yilinda Bailo Rull Mimarlik tarafindan Manresa Belediye Binasi1 arka cephesine
dikey sirkiilasyon ve erigim saglamak amaci ile eklenen yap1 celik tastyici sisteme sahiptir.
Binanin mevcut sirkiilasyon hatlarini binanin digina tagiyan parazit yap1 dinamik, amorf bir
uzanti olarak tasarlanmistir (Anonymus, 2009). Belediyenin tarihi 6neme sahip binasinda
celik cerceveler ve baglanti noktalari ile tagiman yap1 geri dondiiriilebilirlik (reversibility)
ilkesine uygun olarak tasarlanmistir. Boylece parazit eklenti kaldirildiginda, Manresa
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Belediye Binasi 6zglin mekan kullanimi1 ve 0Ozellikleri zarar gérmeden varligini
surdurebilecektir (Gorsel 5).

Gorsel 5 Manresa Belediye Binasi paraziti (Url 8).

Fransiz mimar Stéphane Malka tarafindan tasarlanan AME-LOT (2011) projesinde ise
amag Paris’te mevcut bir binanin sagir cephelerinden yararlanilarak 6grenciler i¢in barinma
alan1 saglamaktir (Jarz, 2011). Kentin atil ve verimsiz kor noktalarinin diisilk maliyetli,
islevsel ve dinamik tasarimlar ile doniistiiriilebilecegi kanitlayan tasarimda endiistriyel
iiretim atig1 olan hazir ahsap paletler kullanilmistir. Bina lizerine giydirme cephe yontemi;
dis cepheye diisey ve yatay yonlii hafif metal profillerden monte edilen ray/iskelet sistemi

yapilandirilarak ve ahsap paletler olusturulan bu altyapiya entegre edilmistir. Malka
tarafindan gecici kentsel eklenti olarak tanimlanan bu parazit yap: kuru montaj teknigi ile
imal edilmesi nedeni ile mevcut binaya zarar vermeden sokiilebilir ve bagka bir binaya
yeniden monte edilebilecek konumdadir (Gérsel 6).

Gorsel 6 AME-LOT (Studiomalka, 2024), (Url 11)

2011 yilinda Moskova’da Za Bor Mimarlik tarafindan iki yapiin birbirine bakan sagir
cephelerine asilan Parazit Ofis, binalar arasinda mevcut boslugu dolduracak bigimde insa
edilmistir (Gorsel 7). Iki yonden farkli iki yaprya baglanan parazit ofis modiiler ve
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taginabilir bicimde tasarlanmistir. Hafif ve dayanikli hiicresel polikarbon malzemeden
iiretilen parazit ofis celik iskelet sistemi ile yanindaki binalara asilarak tasitilmigtir. Cok
ylizeyli bir geometriye sahip olan yapi li¢ katlidir. A¢ik plan semasina sahip i¢ mekanlari
esnek ve modiiler yaklagim ile tasarlanmistir (Anonymus, 2011).

3
1

AT

Gorsel 7 Ofis, Za Bor Architects, Moskova (AA13, ty), (Url 12)

The Cube, Elektrolux firmasi i¢in marka iriinlerinin tanitimi ve gastronomi deneyimi
sunulmak amaci ile 2011 yilinda Park Associati tarafindan tasarlanmistir. Kolay agilip
kapanabilen, farkli iklim kosullarina dayanikli tasarlanan yapi; alimiinyum ve cam malzeme
kullanilarak, yar1 seffaf ve modiiler bir tasarima sahiptir. A¢ik planli mutfak ve hem etkinlik
hem de yemek alanina doniisen 90 metrekarelik salon ile 50 metrekarelik bir terastan olusan
yap1 unlii seflerin hizmet verdigi, gecici (pop-up) ve gezici bir restoran olarak
projelendirilmistir. Tagindig1 her sehirde lig-dort ay boyunca hizmet veren yap1 2011°de
Briiksel’de Parc du Cinquantenaire i¢inde bulunan Zafer Taki tlizerine ve Milano’da Piazza
del Duomo’da tarihi bir binanin ¢atisina, 2012 yilinda ise Stokholm Kraliyet Opera Binasi
ve Londra Royal Festival Salonu terasina yerlestirilmistir (Anonymus, ty), (Gorsel 8).
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Gorsel 8 The Cube (Url 13)

2016 yilinda Paris’te Stéphane Malka tarafindan tasarlanmis olan 3BOX prefabrik paneller
halinde iiretilerek yerinde monte edilmistir. Geri doniistiiriilmiis hafif celik iskelet, alg1
paneller ve cam kullanilarak tasarlanan yapi, 19. Yiizyil’a tarihlenen bir binanin catis1 ve
iki bina aras1 bosluk degerlendirilerek insa edilmistir (Anonymus, 2016). Ug farkli bagimsiz
kutudan/modiilden olusan yap1 ana konak olarak kullanilan binanin diiz ¢at1 zemini {izerine
ve tastyict duvarina farkli kotlarda asimetrik agilar ile yerlestirilmistir (Gorsel 9).

Gorsel 9 3BOX daire, Paris’in Saint-Martin Kanali, Paris (Url 14)

Hidden Studio, 2017 yilinda Valensiya’da trafik akisinin yogun oldugu bir kopriiniin
altinda mevcut alana eklemlenmis bir ¢alisma alanidir (AD Editorial Team, 2017Ana
yapinin kirigleri tizerinde tekerlekli bir sistem ile hareket eden metal kafes ve kontrplak
levhalardan iiretilmistir. Kiigiik 6l¢ekli ofis mekani olarak kamusal bir atil alan1 kullanan
parazit, ana yapidan ayrilmas: durumunda bagimsiz olarak varligmi siirdiiremeyecek
nitelikte parazit mimari érneklerinden biridir (Gorsel 10).
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Gorsel 10 Hidden Studio (Jose Manuel Pedrajas, 2017), (Url 13)

e Parazit Mimari Kavramsal Projeler

Insa edilme amaci bulunmayan, yogun kentsel yapilagsma, ekonomik sorunlar, gbg¢ ve
barinma sorunlarina karsi elestirel bir yaklasimla ele alinan projelerdir. Amag; kentsel
mekan1 ve yapilanmay1 sorgulayan bir yaklagim ile barinma sorununa alternatif ¢oziimler
sunmaktadir (Sensoy ve Ustiin, 2018). 2009°da Lara Calder Mimarlik tarafindan ortaya
konan Prefabrik Parazit, 2010 yilinda A Pocket of Active Resistance / PAR- Stéphane
Malka ve 2015 yilinda James Furzer tarafindan tasarlanan Evsizler icin evler projeleri
kentsel alanlarda yatay ve dikey atil alanlarin degerlendirilmesine yonelik parazit mimari

ornekleri arasinda yer almaktadir (Gorsel 11). Bu projeler miilkiyet, giivenlik ve yasal
zorunluluklar nedeni ile uygulama alani bulamamis tasarim fikri/kavramsal proje
asamasinda kalmstir.

Gorsel 11 Prefabrik Parazit (Url 14), A Pocket of Active Resistance / PAR (Url 15) ve
Evsizler icin evler (Url 16)

4. TARTISMA VE SONUC

Parazit mimari; mevcut doku i¢inde dikkat ¢eken, malzeme, boyut, form bakimindan 6zgiin
yapidan farklilagan, aykirt mekansal eklerdir. Mevcut bir binanin iistiine, sagir cephesine ya da
cephede bulunan agikliklar ile iliskilendirilerek eklenen parazit yapilar modiiler, hizli ve
ekonomik ¢dzlimler tretmeyi hedeflemektedir.

Yeni bir bagimsiz yap1 olarak insa edilmesi yerine mevcut bir binaya/yapiya eklenerek
olusturulan ve bagimsiz olamayan bir yapilanma s6z konusudur. Daha once insa edilmis
yapinin striikktliriinii, kitle ve mekansal 6zelliklerini kullanan; mevcut yapidan biitiinii ile farkl
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goriinen, aykiri, sira disi, kimi zaman yenilikgi/avangart nitelikleri ile genellikle kontrast
yapilanmalardir. Dikkatle tasarlanmasi gereken, Ozgiin yapiya striiktiirel, kullanim ve
estetik/gorsel agidan zarar vermeyecek bicimde tasarlanmalidir. Ancak genelde iddiali ve
dikkat ¢ekici yapilanmalar olmalari nedeni ile farkli etkilere neden olabilmektedir. Kimi
durumlarda ise gerek mekansal gerek gorsel anlamda yaratici ¢oziimler sunabilmektedir. Bu
anlamda dengeli bir tasarim yaklagimi izlenmelidir.

Parazit mimarlik kavramsal ¢calismalarda; kent, mimarlik, toplum ve mekan arasindaki iliskileri
elestirel bir bakis acisi ile ele alarak alternatif stratejiler {lizerinden kentsel mekanlarin
yetersizligi, ekonomik adaletsizlik, gd¢ gibi kiiresel sorunlara dikkat ¢ekmektedir. Ozellikle
tasarim egitiminde baglamla iliski kurma, mevcut olan1 doniistiirme ya da kentsel sorunlara
radikal, esnek ve elestirel ¢oziimler liretmeye izin veren teorik bir alan sunan “parazit yap1”,
“parazit mimari”ye ait bircok kavramsal proje render ve gorseli dijital ortamlarda ilgi
cekmektedir.

Parazit mimari mevcut yapilarin yaratici bir bigimde yeniden anlamlandirilmasinda eski ve yeni
mimari bilesenlerin birlikteligini kullanmaktadir. Form, malzeme ve boyut olarak konak
yapidan ayrilan parazit yapilarin her biri kendine ait bir tasarim diline sahiptir. Dolayisi ile
eklemlendikleri yapilarda mekansal olarak goriiniirliigii ve etkilesimi artirmaktadirlar.

Yapisal mudahaleler olarak eklenen parazitler mevcut yapmin kullanimina yonelik alternatif
mekan olanaklart saglamakta; kimi uygulamalar gerektiginde sokiilebilir bigimde
tasarlanmaktadir.

Parazit yap1 iizerine eklemlendigi binanin altyapisini kendi gereksinimleri dogrultusunda
kullanarak mevcut binayr mekansal olarak zenginlestirmektedir. Bu baglamda bir yapiya
bagimli olarak varligini siirdiiren parazit eklenti yapiy1 hacim, boyut, malzeme, renk ve doku
ozellikleri bakimidan degistirmektedir. Gelisen teknoloji ile birlikte daha hafif ve yenilik¢i
malzemelerin kullanimi yogun yapilasma alanlarinda parazit mimari uygulanabilir ¢oziimler
sunan bir tasarim stratejisine donligsmiistiir.

Parazit olarak bir yapiya eklemlenen mekan, mevcut mekansal organizasyonu ve iliskileri
yeniden tanimlamaktadir. Kentlerin sinirli olan yapilasma alanlarinda yeniyi insa etmek yerine
mevcut bir yapmin herhangi bir aciklik bulunmayan sagir cephesini, catisint ya da terasini
degerlendiren tasarimlar bireylere hem pratik hem de ekonomik ¢éziimler sunmaktadir.

Modiiler yapilari, boyutlari, takilabilir-sokiilebilir olmalart mevcut yap1 stokunun kullanimina
ve degisimine ve mekanlarin siirdiiriilebilir kullanimina olanak saglamaktadir. Parazit yapilar
dinamik, adapte edilebilir, yeniden kullanilabilir olarak tasarlanmakta, teknolojinin de yardimi
ile degigen gereksinimlere yeni olanaklar sunmaktadir.

Parazit mimarlik; artan niifus, kentsel mekanlarin yetersizligi, sosyal ve ¢evresel sorunlara karsi
elestirel, esnek ve uyarlanabilir bir mekan lretimi stratejisi olup zorunlu durumlar disinda
uygulanmamaktadir.

Ozellikle kalict olarak yapilandirilmis ve zorunlu mekan gereksinimine yanit amaci
gergeklestirilen son derece 6zgiin ve nitelikli 6zgiin 6rnekler bulunmaktadir. Ozellikle tasinmaz
kiiltiir varlig1 olarak niteliginde olan ve yap1 stogu olarak kullanilan binalara uygulanan kontrast
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ve futiiristik ekler gerek islevsel gerek gorsel/estetik anlamda i¢inde konumlandig1 ¢evreye
katk1 saglamaktadir.
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OZET

Insanlik tarihi boyunca énemli ve evrensel bir olgu olarak mimarlik, bireylerin yasamlarini
kolaylastirmak barinma, dinlenme, dini, egitsel, sosyal ve kiltirel eylemelerini ger¢eklestirme
amaci ile mekanlar diizenleme sanatidir. Temel hedefi belli kulanim ve isleve yonelik fiziksel
yasam c¢evreleri, mekan ve binalarin tasarlanmasidir. Mimarlik iirlinlinlin saglam, islevsel
estetik ve kimlikli olmasi yaninda ozgiin ve ayirt edici Ozelliklere de sahip olmasi
gerekmektedir. Bu kapsamda tarihin farklt donemlerinde giincel kosul ve gereksinimler
dogrultusunda farkli mimari akimlar giindeme gelerek mimarlik farkli boyutlar1 ile
yorumlanmistir. Mimari akim bir yapiyr tanimlayan karakteristikler ve donem o6zellikleri
biitiintidiir. Her bir akimin kendine 6zel bir diislinsel arka plani; dili, kimligi, yapisal 6ge ve
estetik bilesenleri; gelistirdigi mimari anlayis ve ortak paydalar bulunmaktadir.

Bu akimlardan biri olan neo-flittirizm ise 21. Yiizy1l’in basinda giindeme gelen; tasarim ve
sanat alanlarinda da etkili olan, teknoloji, inovasyon, sanat ve ekolojiyi tasarim bilesenleri
olarak yorumlayan bir mimari akimdir. 20. Yiizyil’in basinda radikal bir bakis agis1 olarak
gindeme gelen ve geleneksel kaliplari reddeden, hiz, hareket, dinamizm ve teknolojiyi savunan
flitiirizmden beslenen; ancak ondan daha farkli bir akimdir. Siirdiiriilebilirlik odakli, teknoloji-
ekoloji birlikteligini benimseyen avangard bir mimari akim olup g¢evresel siirdiirtilebilirligi
teknolojik mimari ile desteklemektedir. Avangart, geleneksel kaliplari, kabul gormiis estetik
kurallar ve standart normlari reddeden, tamamen deneysel ve yenilik¢i bir tasarim anlayisidir.

Bu bildiride dncelikle neo-fiitiirizm diisiinsel arka plan1 ve tasarim ilkeleri tiim bilesenleri ile
tanimlanmistir. Daha sonra ileri teknolojiyi, organik formlari, giincel malzeme ve yapim
teknolojilerini eko-siirdiiriilebilir bir gelecek ve etik degerler ile biitiinciil olarak degerlendirilen
neo-flitlirist mimarlik 6rnekleri tizerinden tartisilacak gelecegin kentsel ¢evreleri ve yasam
alanlar1 i¢in akim yorumlanarak uygulama olanaklari tartigilmistir.

Anahtar Kelimeler: Mimarlik, mimari akimlar, fiitirizm, neo-fUtlrizm, sirdirulebilirlik
parametrik mimarlik, hi-tech mimarlik, yeni gelecekgilik, neo-modern, blobitecture
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5. GIRIS

Tasarim kullanim alani ve amacina gore bir nesne, siire¢ ya da sistem icin gelistirilen kavram
ya da oneri olup bir siije tarafindan ilgili alanda gelistirilen ¢6ziim Onerisidir. Mimari tasarim
ise insan gereksinim ve eylemleri igin islevsel ve estetik mekan diizenleme ve tasarlama
sanatidir. Gerek sanat gerek mimari anlamda farkli donemlerde farkli tasarim akimlar1 gelisim
gOstermistir. Yapilanmis ¢evre irdelendiginde hemen her yerde yapida onu tanimly/kimlikli
kilan ve diisiinsel bir arka plan1 olan belli karakteristik ya da donemsel 6zellikler bulundugu
gorilmektedir. Bu 6zellik ve kavramlar biitlinii mimari akimlar1 olusturmaktadir. Her bir
akimin kendine 6zel bir dili, kimligi, tanimli yapisal 6geleri, estetik bilesenleri bulunmaktadir.
Mimari akimlar belli bir donem, mimar/tasarimci ya da ulus tarafindan benimsenen ve iginde
bulundugu dénem ve kosullar kapsaminda gelisen mimari anlayis ve ortak tutumdur. Mimarlik
bu anlamda dogasi geregi bircok disipline referans olusturan, yagsamin kendisi, ¢ok boyutlu
degerlendirilmeye agik bir alan olup mimarlik teorisi ile de dogrudan iliskilidir. Ortaya ¢ikis
stireclerinde de farkli sosyolojik, ideolojik ya da siyasi etmenler bulunan mimari akimlarin
kimileri gecici, lokal ve sadece proje niteliginde kalirken kimi akimlar ise uzun siireli ve yaygin
etkili olmakta; derin ve kalici izler birakabilmektedir. Donemsel etkiye sahip tiim mimari
akimlarin her biri kendine 0zel niteliklere, teorik alt yapiya ve diisiinsel arka plana hatta
manifestolara sahiptir.

Tarihi siire¢ i¢cinde toplumsal, ekonomik, tarihi, teknolojik gelismeler dogrultusunda bir¢ok
mimari akim ortaya ¢ikmis; bu akimlarin ikonik yapilar1 tasarim ve sanat alanlarinda etkili
oldugu kadar popiiler kiiltiirii de etkilemistir. Mimari akimlarin ¢ogu 20. Yiizyil basina
tarthlenirken bugiin de farkli akim ve yaklagimlar/tarzlar glindeme gelerek binalar kimlik,
nitelik, estetik degerler kazanirken mekanlar da stil, tarz, iislup ve ruh kazanmaktadir.
Mimarligin gelisim siirecinde ortaya koydugu tiislup, tarz, akimlarin yani sira 6zgiinligi
irdelendiginde akimlarin var olma bigimleri ile atfedilen degerler donem ve kiiltiirel baglama
gore degisip doniisebilmektedir. Popiiler kiiltiir kapsaminda ve elestirel bakis agis1 ile
degerlendirildiginde mimariyi ¢oziimleme, iliskiler kademelenmesini anlama ve mekansal
bigcimlenmenin diisiinsel arka plan1 ve teorisini sorgulama akimlarin 6zgilin niteli§inin ve
anlamlarinin tartisilarak farkli akimlarin ortaya ¢ikmasini da saglamaktadir.

Glincel mimari akimlardan biri de diislinsel arka planda 20. Yizyil’in akimlarindan olan
Fiitiirizm’den etkilenmis radikal ve yenilik¢i mimari yaklagim ve konsept/temalara sahip olan
ancak belli konularda ayrilan neo-fiitlirizm; yani yeni gelecek¢ilik akimidir. Giincel degisim,
doniisiim ve gereksinimler sonucu mimari ve kent dlgeginde gelecegin olasi sorunlari i¢in
biitiinii ile farkli ¢6ziim Onerileri sunan bir akimdir. Tek basina tek bir iislup olmaktan ¢ok
mimarlikta siirlar1 zorlayan ve kendinden onceki anlayislart yikmay1 hedefleyen hareketler
icin kullanilmaktadir. Degisen yasam kosullari, biiyliyen kentler ile birlikte teknolojik
gelismeler sonucu ortaya ¢ikan ileri teknolojik yapilanmanin yani sira yapisal ve ¢evresel
anlamda surdrtlebilir; ancak teknolojik bir mimariyi 6éngérmektedir. Parametrik fiitirizm
olarak da nitelenebilecek akimda ultra formlar, sembolik anlatimlar, akiskan, biomorfik
formlar, striiktiirel ekspresyonizm yaklasimlar1 yaygin olarak kullanilmaktadir. Ayni1 zamanda
dogadan esinlenen ve biyofilik bir bakis acist bulunmaktadir. Neo-fiitiiristik mimarligin ¢cagin
ozellikleri kapsaminda farkli; kendine 6zel bir dili bulunmaktadir. Gelecegin kentlerinin
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yaratilmasi amaci ile yenilik¢i yaklasimlar ve ileri teknoloji siirdiiriilebilir kent ve binalar i¢in
entegre edilmektedir. Neo-fiitliristik mimarligin ileri yapim ve malzeme teknolojilerini
kullanmas1 son derece 6zgiin, essiz ve prestij yapilarin olusumuna olanak saglarken farkli,
kendine 6zel bir dili bulunan yapilar/binalar tasarlanabilmektedir. Neo-Futtirizm, sadece gorsel
ve estetik anlamda c¢arpici degil aynt zamanda degisen gereksinimler i¢in islevsel yapilar
yaratmak amaci ile ileri teknolojileri yenilike¢i tasarim ile biitlinlestiren bir gelecek vizyonunu
somutlagtiran bir mimari akim olup yeni ve yaratici bir estetik anlayis ile kentsel yasami
gelistirmeyi amaglamaktadir. Kentlerin ve teknolojinin gelismesi ile neo-flitirizm de kentsel
peyzaj kimligini farkli bir noktaya tasiyacaktir (Gorel 1).

Bu caligmada geleneksel yaklasimlari da degerlendiren ancak, ge¢mis kaliplar1 reddederek
cevre ve yapiya teknoloji tabanli bakis agis1 sunan neo-fiitlirizm: yani yeni gelecekgilik farkli
boyutlar ile tanimlanarak; sundugu sorun ve olanaklar kapsaminda degerlendirilmistir. Yan1
sira gelecegin yasam cevreleri ve yapi kiiltiiriinde gelisen yapim teknolojileri baglaminda
akimin Oncii tasarim drnekleri irdelenerek avantaj ve dezavantajlari tartisilmistir.

Gorsel 12 Neo futdrist kentler (Url 1, Url 2)

6. MATERYAL VE YONTEM

Aragtirmanin ana materyalini neo-fltlirizm: yeni gelecekgilik ile ilgili yaymlanmis olan her
tiirlii arastirma, bilimsel rapor, kitap, makale gibi literatiir verileri olusturmaktadir. Calismanin
gerceklestirilmesinde ii¢ asamali bir yontem izlenmistir. Ik asamada kuramsal ¢ergeve ve konu
ile ilgili teorik veriler dogrultusunda her tiirlii veri derlenerek bulgular analiz edilmistir. Daha
sonra elde edilen bulgular sentezlenerek neo-fiitiirizm: yeni gelecekgilik farklt boyutlar: ile
tanimlanmis, sorun ve olanaklar irdelenerek mimari tasarimda form, bi¢im ve kimlik 6zellikleri
kapsaminda irdelenmistir. Son asamada ise tiim bulgular sentezlenerek gelecegin kentsel
cevreleri ve yasam alanlari i¢in katkilar1 degerlendirilmistir.
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7. NEO-FUTURIZM: YENI GELECEKCILIK VE MIMARLIK

Neo-fiitiirizm 20. Yiizyil’in sonlarinda ortaya ¢ikan; teknoloji, sanat ve ekolojiyi tasarim
bilesenleri olarak yorumlayan bir tasarim ve mimari akimdir. 20. Yiizy1l’in basinda radikal bir
bakis agis1 olarak Filippo Tommaso Marinetti tarafindan giindeme gelen ve geleneksel kaliplari
reddeden, hiz, hareket, dinamizm, teknoloji, makinanin giizelligini savunan fiitiirizmden
farklidir. Sanat ve tasarim alaninda etkili oldugu kadar kent planlamas1 ve mimarlikta da etkili
olmustur. Burada temel yaklasim teknoloji ve ekoloji birlikteligidir. Neo-Fiitiirizm ise ¢ikis
noktasi olan fiitiirizmden farkli olarak siirdiiriilebilir kentsel alanlar ve mimari kapsaminda
avangard bir yaklagim olarak tasarimin arka planindaki islev ve estetik boyutlar fiitiirist bir
yaklagim/bakis acist ile ele almakta; tasarimda teknoloji-ekoloji birlikteligini benimsemektedir.
Degisen yasam kosullar, biiyiliyen kentler ve yerlesim dokulari ile birlikte teknolojik gelismeler
sonucu ortaya ¢ikan hi-tech yapilanmanin yani sira ¢evresel anlamda siirdiiriilebilir ancak
teknolojik bir mimariyi 6ngérmektedir (Gorsel 2)
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Gorsel 13 Neo-fiitiirist mimarlik - Cyber Egg, Mumbai (Url 3, Url 4, Url 5)

Neo-fiitiirizm gelecekci bir bakis acisina sahip, biiyiiyen ve gelisen kentlerdeki yasam kalitest,
islev ve estetik degerler ile ilgili sorunlart ¢ozmeye yonelik mimariye yenilik¢i bir bakis agisi
sunarken ileri teknoloji ve yeni konsept/temalar ile insa edilen biiyiik 6lgekli yapilari
kapsamaktadir. Yiiksek teknolojiler, bilgisayar destekli, algoritma ve parametreler ile Uretilen
ve makinalara doniisen bina ve yasam alanlarinin olusumu ve hi-tech mimarinin geligimi ile
ortaya ¢ikan neo-fiitiirist mimarlik optimist, insan-doga etkilesimini 6nceleyen ve sosyal boyutu
da olan bir yaklagimdir.

62



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

Matthew Phillips Neo-fiitiirist estetigi “teknolojik inovasyon ve yonlendiriciliginin ortaya
koydugu gelecege yonelik yeni yapilasmalara karsi gecmis donem avangartlar: ve su anki
teknokratik felsefenin tam tersi olarak zamanin, mekanin ve konunun manipiilasyonu”
olarak tanimlamaktadir (Anonymus, 2026). Burada zaman, mekan, islev ve tema bilesenleri
teknoloji destekli doga duyarli bir mimari bigimlenme ortaya koymaktadir. Neo-fltirist
mimarlik teknolojik inovasyonu ekolojik kriterler ile entegre eden bir yaklagimdir. Teknolojiyi
daha iyi yasam ¢evreleri olusumu, doga koruma, enerji etkin tasarim ve ¢evre duyarl tasarim
ve mekan organizasyonu i¢in kullanmaktadir.

2007 yilinda Milano Expo 2015 Vizyonu i¢in bir Neo-Fiitiiristik Sehir Manifestosu (The
Neo-Futuristic City Manifesto), inovasyon tasarimcisi Vito Di Bari tarafindan, Milano
sehrinin EXpo 2015 adaylik siirecinde Uluslararas1 Sergiler Biirosu’na (BIE) sunulmustur. Bu
manifesto, 20.Yiizyl’in basinda giindeme gelen geleneksel Italyan fiitiirizminin herseyi
reddeden yikici ve agresif dilini geride birakarak, teknoloji, sanat ve etik degerleri birlestiren
modern bir gelecek vizyonu sunarak tasarlanacak EXPO alanini yasayan bir organizma olarak
tanimlamistir. Bu manifesto ile Milano, Expo 2015 temas1 “Gezegeni Beslemek, Yasam icin
Enerji” olarak belirlerken neo-fiitiirist akimin getirdigi teknolojik iyimserlikten ve insan odakli
tasarim ilkelerinden de beslenmistir.

Izleyen siiregte, 20 Subat 2008 yilinda Neo Futurist Collective tarafindan Filippo Tommaso
Marinetti’'nin 6zgiin/orijinal 1909 tarihli Fiitiirizm Manifestosu’nun 99. yil doniimiinde Neo-
Fiitiirist Manifesto ilan edilmistir. Manifestoya gore neo-futurizmin temel ilkeleri teknoloyji,
insanlik ve etik degerlerin biitiinciil olarak ele alinmasi, kentsel karmasa ve giiriiltiiniin estetik
bir unsur olarak algilanmasi, ¢evresel ve ekolojik koruma i¢in teknoloji ve etigin kullanimu ile
dogal sistemlerin isleyisini 6rnek alan, dogadan esinlenen biyomimikriyi de kapsayan bir
yaklagim olmustur. Cagdas yasamin geregi olarak hizla gelisen teknoloji kullanimi kaginilmaz
olup mimarlik da ileri teknolojik olanaklar dogrultusunda gelisim gostermelidir. Akimin temel
yaklagimi kapsaminda ileri teknoloji insan gereksinimleri i¢in insan odakli kullanilmalidir.
Altyap, sosyal servisler, saglik hizmetleri ve giivenligin etkin bir bicimde saglandig: yiiksek
kaliteli yasam kosullar1 sunan yasayan kentler 6nermektedir. Bu kapsamda dogal kaynak ve
degerlerin yani sira kiiltiir varliklarinin korunmasi temel hedef olup kentsel kamusal alan
kullanimlarinin kent ve mahalle 6lceklerinde etkin kullanimi ile kentli bireylerin dogay1
deneyimlemesi ve sosyal-kiiltiirel etkilesimi bu alanlarda ger¢eklestirmesi amaglanmaktadir.
Ileri teknolojilerin kentsel ve yapisal lgeklerde kullanimu ile yenilebilir enerjileri kullanan, bu
teknolojileri binalara entegre eden, enerji etkin, diisiik karbon emisyonlu, erisilebilir,
stirdiiriilebilir, atik tiretmeyen kentlerin ve binalarin olusumunu hedeflemektedir (Gorsel 3).
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Gorsel 14 Neo-fiitlirist mimarlik (Url 6)

Neo-Fiitlirizm, Fiitiirizmden ilham almasina karsin aralarinda belirgin farliliklar bulunmaktadir.
Fiitlirizm hiz, makinelesme, eski olan her seyin reddi, dogaya kars1 endiistriyel iistiinliik, fabrika
ve sanayi kentlerinin yaratilmasini benimserken neo-fiitiirizmde sanat, ileri teknoloji ve etik
entegrasyonu, siirdiiriilebilirlik ve yiliksek yasam kalitesi, kiiresel 6lgekte akilli ve giiclii bir
ekosistem igeren yasam gevreleri, kentsel alanlar ve mimari hedeflenmektedir.

Neo-fiitlirizm sanat, teknoloji ve etik degerleri daha nitelikli bir yasam kalitesi i¢in biitiinciil
anlamda tasarim bileseni olarak degerlendirmektedir. Bu hareket daha ¢ok post-modern siiregte
baslayan ancak inang¢ sistemlerinin sorgulandigi bir donem olarak yorumlanmaktadir. Higbir
kuralin olmadigi, celiskiler ile dolu bu evrede neo-fiitirizm yeniden canlandirmacilig
(revivalism) da yeniden sorgulatmis ve giindeme tagimistir.

Vito Di Bari’ye gore neo-flitlirizm yaygin bir bicimde daha nitelikli bir yasam kalitesi yaratmak
icin sanatin, gelismis teknolojilerin ve etik degerlerin bir araya gelmesidir. Gelisen
teknolojilerin dogal sonucu olarak gelisen neo-fiitlirizm ¢agdas yap1 malzemeleri ve yeni yapim
teknolojileri ile gerceklestirilen/insa edilen ve farkli islevlere hizmet eden, ¢evre kaynaklarini
etkin kullanan, enerji etkin yapilar kapsamaktadir. Burada teknoloji ve sanatin tim olanaklarini
kullanarak tasarlanmis yapilar biiylik olgekli kentleri olugturmaktadir. Modern teknoloji ve
bilimsel verilere gore bicim bulan yapilarin gelecege iliskin vizyonlar: bulunmaktadir.

Neo-futurizm kokenleri Alvar Aalto, Eero Saarinen, Henning Larsen, Jorn Utzon ve
Buckminster Fuller gibi mimarlarin yaklasimlart ile iliskilendirilmektedir. Neo-fitdristik
mimarlikta parametrik mimari ¢éziimler de izlenen bilgisayar teknolojilerinden yararlanan, insa
edilmesi gu¢ formlar ve Kitleler neo-fiitiiristik bir estetik anlayisi ile tasarlanmakta ve insa
edilmektedir. Neo-fiitiirizm insan duygu ve davranislan ile gelisen kentsel tasarim, eko-
stirdiiriilebilirlik, etik degerler ve giincel malzeme ve yapim teknolojilerini entegre etmektedir.

Yeni gelecekgilik: Neo-futlrizm bir anlamda yapisal disavurumcu bir yaklagimdir. Biitiinii ile
yeni teknolojiler; yani algoritmik ve parametrik tasarim gibi dijital teknoloji yardimi ile
uretilebilecek formlara sahip striktirler ile ifade bulmaktadir. Akim kapsaminda
gerceklestirilen tasarimlarda mekanik bilesenler geleneksel yapilarda oldugu gibi gizlenmek
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yerine On plana ¢ikarilmakta; hatta abartilmaktadir. Mimarlik alaninda 6nemli oldugu kadar
tasarim, moda ve sanat alaninda da etkili bir akim olarak temel ilkesi gezegenin ve finansal
sistemin krizde oldugu bir donemde, teknolojinin giicii ile hayal giiclinii birlestiren ileri
teknolojili, yenilik¢i yap1 gereci ile inga edilmis yasam alanlar1 ve ¢evre kaynaklarini etkin
kullanan iyimser bir bakis agisina sahiptir (Gorsel 4).

i

Gorsel 15 Neo-fiitiirist mimarlik (Url 7, Url 8)

Neo-fiitiirist kentsel tasarimcilar, mimarlar ve tasarimcilar kentlerin duygularin agiga ¢iktig
yerler olarak eko-siirdiiriilebilirligi olan, etik degerler ile giincel malzeme ve yeni teknolojiler
ile kentli bireylere yasam kalitesi daha yiiksek mekanlar sunmas1 gerektigini savunmaktadir.
Post- modernizmden bir kopus olarak nitelenen neo-fltlrizm daha iyi bir gelecek icin idealistik
bir inang ve geleneksel ile teknolojinin birlikteligini kullanmaktadir/yorumlamaktadir
(Mohamed, 2016). Neo-fiitiirisitk estetik yaklagimda ise gelenekselden farkli olarak makinanin
ve teknolojinin giizelligi ve giincel yapim teknolojilerinin sundugu estetik degerler s0z
konusudur. Yeni, teknolojik, mekanik olan guzeldir.

Neo-fiitiirizm, kismen fiitiirizmden esinlenmistir. Fiitiirizmin Onciilerinden olan Antonio
Saint’Elia 1960’lardan 1970’lerin sonlarina kadar olan siirecte Hal Foster, William Pereira,
Charles Luckman ve Henning Larsen gibi mimarlarin akimin gelisiminde etkileri olmustur.

21. Yizyil neo-fltdrizmi ise Ozlellikle Zaha Hadid ve Santiago Calatrava gibi 6nciu
mimarlarin tasarimlari ile bi¢im bulmustur. Bina tasarimlarinda hi-tech: ileri teknolojili tema
ve fikirler dogrultusunda tasarimlar algoritma ve parametreler yardimi ile ileri teknoloji ve
endiistrinin sagladig1 olanaklardan yararlanilarak gerceklestirilmektedir.
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Vito Di Bari’ye gore neo-fiitiirizm sanat, ileri teknoloji ve etik degerlerin daha nitelikli ve
kaliteli bir yasam igin biitiinciil kullanimidir (Magon, 2017). Neo-fiitiirist mimari form, islev ve
doga ile uyumu vurgulayan yenilikgi bir yaklasim olup farkl: aktivite ve eylemler ile dolu bir
gelecek i¢in insan gereksinimleri yaninda kentlesme ve g¢evre sorunlarina da yanit olacak;
¢oziim Tlretecek yapilarin/binalarin tasarimini hedeflemektedir. Kentler kiiresel Olgekte
stirdiiriilebilir gelisime ¢oziim iiretirken neo-fiitliristik binalar ise mimarligin/mimarinin tim
evrelerde bu sorunlara ¢oziim tliretecek tasarim Onerileri gelistirmektedir.

Yeni gelecek¢i mimari ileri teknolojileri kullanarak gelecekte olusabilecek ¢evresel sorunlara
da yanit olacak bigimde yasam ¢evreleri ve binalarin tasarlanmasini hedefleyen bir yaklagimdir.
Burada gelecekte olusabilecek olasi senaryolar1 yapay zeka olanaklari ile de analiz ederek
mimari stratejiler ve dogru parametreler ile bina tasarimi temel hedef olup; estetik,
stirdiirtilebilir, verimli ve ¢evre duyarli yasam c¢evreleri ve binalar tasarlamak ile ilgilidir.

Bu kapsamda amag akici, dinamik formlara sahip “yasayan binalar”n tasarimidir. Zaha Hadid
bu akimin 6ncii isimlerinden olup akima daha popiiler bir nitelik kazandirmistir (Gorsel 5, 6).
Neo-fiitlirist yapilar gelenekselden biitiinii ile farkli parametrik, amorf, asimetrik bi¢im
Ozelliklerine sahip, yeni malzeme ve ileri yapim teknolojisi ve yontemleri ile insa edilmis
yapilar olup yeni bir caga/doneme ait izlenimi yaratan yapilardir. Ancak burada cevre bilinci
ve doga duyarli ekolojik bir yaklasim s6z konusudur. Neo-fiitiiristik yapilar kolayca ayirt
edilebilen, karakteristik, benzeri olmayan 6zgiin yapilardir. Geligmis teknoloji ve yap1 gerecinin
kullanimi; giiglii ve farkli yapr bilesenleri, yapisal sistemler cam, karbon, fiber, nano yap1
gerecleri, yeni alasimli ¢elik malzemeler, gelismis kompozit bilesenler kullanilarak enerji
verimliligi artirilirken karmasik geometrik formlar kullanilmaktadir. Neo-futlristik mimari
stirdiiriilebilirlik, ekoloji, teknolojik ilerleme, tasarim verimliligini tasarim parametreleri olarak
degerlendirmektedir.

Neo-Fiitiiristik mimarinin temel 6zellikleri ytliksek/ileri teknoloji kullanimi, akilli malzeme ve
akilli bina tasarimlari, dijital tasarim araglarinin kullanimi ile gelismis yap: teknolojilerinin
kullanimidir. Siirdiirtilebilir kentler ve yapi/bina tasarimi temel hedef olup organik ve akiskan
formlarim kullanimi, dik acili, geometrik formlarin yerine kitle ve i¢ mekan tasariminda
dinamik, hareketli, amorf formlarin kullanimi ile kamusal odaklilik 6nemlidir. Bu kapsamda
binalar ve kentsel kamusal alanlar kentsel yasamin ana bilesenleri olarak toplum ve birey
etkilesimini artiran ve iyilestiren yasayan binalar ve ¢evreler olarak tasarlanmalidir.

Neo-fiitiirizmin 6nemli mimarlar1 Zaha Hadid, Santiago Calatrava, Norman Foster ve
Renzo Piano’dur. Bu tasarimcilar binalarinda akiskan geometrik formlari ve parametrik
mimariyi kullanirken hareketli, heykelsi, kimi zaman sembolik formlar1 ytiksek teknoloji ve
muihendislik verileri ile eko-teknolojik olarak tasarlamaktadirlar.
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Gorsel 16 Galaxy Soho, Pekin, Cin — Zaha Hadid (URL9, URL 10)
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Gorsel 17 Haydar Aliyev Kultir Merkezi, Baki, Azarbaycan — Zaha Hadid (URL 11, URL 12)

Bilgisayar destekli tasarim araclari, Yapay zeka (YZ): artificial intelligence (Al), yap1 bilgi
modellemesi (BIM) gibi tasarim ara¢ ve destekleri neo-fiitiiristik mimari tasarimi
kolaylagtirmakta; boylece ¢ok farkli, 6zglin ve karmagik formlar olusturulabilmektedir. Bu
anlamda 21. Yiizyil ile birlikte artan g¢evre sorunlarinin yapisal ve kentsel Olgeklerde
giderilmesine yonelik ¢oziim Onerileri gelistirilebilmekte; cagdas kentlerin karsilastigi
sorunlara yonelik ¢6ziim Onerilerinin mimariye entegre edilmesini saglayan biitlinciil bir
yaklagim sunulmaktadir. Neo-fiitiirist yapilar/binalar kimlikli, goz alici, ayirt edici 6zelliklere
sahip, kolaylikla tanimlanabilen, cesur, farkli, avangart, teknolojik yapilardir. Vizyoner neo-
fiitiirist yapilar gelecegin yasam cevreleri ve kentleri i¢in paradigma niteliginde yapilardir.
Degisen kitle ve mekan anlayisini yansitan farkl estetik degerleri de giindeme getirmektedir
(Gorsel 7).
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Gorsel 18 Neo-fiitiiristik mimarlik (URL 13, URL 14)

Kecgeci’ye gore (2025), Zaha Hadid ve Norman Foster gibi fiitiiristik tasarimcilar yenilik¢i
tasarimlarin kentsel ortamlara nasil uyumlu bir bigimde entegre edilebilecegini de tasarimlarina
yansitarak yeniden tasarlanmig bir kentsel peyzaj olusumunu da beraberinde getirmektedir.

Neo-fiitiiristik yapilar, fiitiiristik 6rneklerden farkli olarak ¢cogunlukla giines panelleri, yagmur
suyu hasadi, yesil catilar gibi siirdiirtilebilir ve enerji etkin teknolojiler icermekte ve cevre
duyarlh ekolojik tasarim ozellikleri tasimaktadir. Akilli teknolojilerin entegrasyonu kullanici
gereksinimlerine yanit veren, uygulanabilir ve esnek mekan kullanimlarina sahip binalar olup
ayni zamanda kamusal alanlar1 da destekleyerek kentsel biyogesitlilik, hava ve yasam kalitesini
artiran Ozellikte tasarlanmaktadir. Neo-fiitliristik mimari, inovasyon ve siirdiiriilebilirligi
entegre eden, clretkar ve dinamik bir yaklagimdir.
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Neo-fiitiirizm degisim Onerirken insan ve cevre arasindaki iliskiyi de Onemsemektedir.
Stirdiirtilebilir, saydam, esnek, dinamik, akilli malzeme ve teknoloji, dokular, cephe
kaplamalari, yenilik¢i yapim teknolojileri kullanan benzersiz 6zelliklere sahip bir yaklasim
olarak mimaride ikonik semboller olusturulmasina da olanak saglamaktadir.

8. SONUC VE TARTISMA

Mimarlik gibi siirekli degisen, doniisen ve gelisen bir alanda her zaman yeni, farkli, yenilik¢i
bir trend, akim, stil ya da yaklasim bulunmaktadir. Bu kapsamda toplumsal degisimlere de bagl
olarak yeni teknolojiler, insa yontemler, malzeme olanaklar1 olabilmektedir. Yasam ile
dogrudan ilgili bir alan olarak mimari inang, ekonomik, siyasal, dini, teknolojik, kiiltiirel ve
sosyal olaylardan dogrudan etkilenmektedir.

Bugiin ¢agdas mimari olarak tanimlanan modern siire¢te mimari pratiklerde tek bir akim baskin
olmay1p yenilik¢i akim ve stiller 6n plana ¢ikmaktadir. Son derece karmasik form 6zelliklerine
sahip “parametrik mimarhk” ile post-modern bir yaklasim olarak nitelendirilebilecek
kivrimli, yuvarlak ve organik formlardan olusan “blobitecture” aslinda neo-futlirist mimarinin
alt bilesenleri olarak yorumlanabilmektedir. Yan1 sira biyolojik olusumlardan ilham alinarak
gerceklestirilen “morfogenetik tasarimlar; dijital morfogonez” de mimaride ylikselen
trendlerden olup neo-fiitiirizmin bigim bulmasina katki saglayan yaklagimlardan biridir.

Ekolojik mimari ise doga ile entegre, binalarin olumsuz g¢evresel etkilerini sistematik bir
bicimde azaltmay: hedefleyen, c¢evre duyarli teknoloji ve yapi1 gerecleri kullanan mimari
yaklagim olarak siirdiiriilebilir bir gelecek i¢in bir zorunluluktur. Bu anlamda yenilenebilir
enerji kaynaklar1 giincel teknolojiler ile yap1 blinyesinde kullanilan eko-mimari zaten neo-
fuitiirist mimari kapsamindadir. Dolayis1 ile Neo-fiitiirist mimarlik tim bu akim ve trendler
bituncul olarak icermektedir.

Neo-futlrizm: yeni gelecekgilik akimi aslinda bugiin giindemde olan “gelecekeilik ve
teknolojik tekillik (futurism and technological singularity) diisiinsel yaklagimi ile de
benzerlikler tasimaktadir. Teknolojinin hizli gelisimi ve yapay zeka gibi ileri teknolojilerin
sagladig1 olanaklar ve potansiyel uygulamalar ile ilgilenen bu yaklasim da gelecegin nasil
olacagina iliskin senaryolar1 tahmin etmek i¢in neo-fiitiirist bakis acisini destekler niteliktedir.

Makine, hiz, dinamizm ve radikal degisimi hedefleyen fiitiirizm neo-fiitiirizmin ¢ikis noktasi
ve esin kaynagi olsa da burada ¢evre kaynaklarinin etkin kullanimi, teknolojinin doga koruma,
enerji etkin yap1 tasarimi i¢in kullanimi ve bina-kentsel c¢evre iliskisinin biitiinciil
degerlendirilmesi bulunmaktadir. Filippo Tommaso Marinetti, Umberto Boccioni, Carlo
Carra, Gino Severini ve Giacomo Balla gibi italyan fiitiiristlerin savundugu makine ve
teknoloji ¢ag1 estetigi neo-fiitiirizmde ileri teknoloji kullanimi ile ekosentirk mimari tasarimi
s0z konusudur. Fiitlirist mimarlik modern/cagdas teknoloji ve gelecegin estetiginin teknolojinin
gerektirdigi her sey olarak tanimlarken neo-futlristik mimari yapay zeka destekli parametrik
mimarlik destegi ile hem giincel ¢evre sorunlarini yapisal ve cevresel/kentsel Olceklerde
coziimlemeyi hedeflerken biyomorfolojik formlar1 ve dogay1 da tasarimin ana bileseni olarak
degerlendirmektedir.
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Modernizm 20. Yiizyil’in basindan itibaren endiistrilesme ve yeni teknolojiler dogrultusunda
eski sluplara tepki olarak ortaya c¢ikan ¢ok sayidaki farkli bakis agisina sahip akim, stil ve
yaklagimlari da igeren tasarim felsefesidir. Bu siiregte bezeme reddedilirken islevsel, yalin/sade
ve endustri drunlerini destekleyen bir mimaridir. Bu kapsamda kimi avangart kimi tamamen
eskiden kopusu simgeleyen birbirinden farkli akimlar ortaya ¢ikmistir. Gegmisi ve ilgili tim
degerleri biitiinii ile reddeden, gelecege yonelen fiitiirizm ise buglin O6nem kazanan ve
gindemde olan neo-fiitiirizmin ¢ikis noktasi olup endiistrilesme, makina, soyut, yalin ve
bilimsel olanin yaratacagi mimariyi benimsemektedir.

Eyiice’ye gore (2011), modern “yeni” ve “giincel” olandir. Bu nedenle “gecici” olup “yeni
bir mimarhk” ya da “mimarlik icin yeni bir yaklasim”dir ve hedefi gelecektir, devingen ve
yeni arayiglara siirekli aciktir. Kavasogullari’na gore ise (2025), modernizm bir monolit
olmay1p; yeni kullanici, teknoloji, ekonomi ve etik degerlere verilen farkli yanitlarin ytizyillik
bir bileskesidir. Mimarlikta modernizm tek bir akim ya da stili icermemekte; birgok farkll
diisiince bir araya gelerek modernist diisiinceyi olusturmaktadir.

Neo-fiitiirizm ise bu anlamda modern ¢agda ancak en ge¢ evrede giindeme gelen bir mimari
akimdir. Diger akimlar gibi neo-fiitiirizm de somut giincel gereksinimlere yanit olarak ortaya
cikmistir. Pek ¢cok akimin ortaya ¢ikisi degisen sorunlara ¢6ziim amaglidir. Mimarlik ve {iriinii
olan binalar1 degisen giincel kosullar, teknolojik gelismeler, kullamimlar ve siyasetin
bicimlendirdigi bilingli secimler olarak okumak gerekmektedir. Neo-flitlirist mimarlik
degerlendirildiginde siirdiiriilebilirlik, yiiksek maliyetli binalar ve insan odakli tasarim
baglaminda elestirel yonleri de bulunmaktadir. Bu kategorideki binalar genellikle standart disi,
deneysel geometrilere sahip, karmasik yapilar olup yapim maliyetleri yiiksek olmaktadir. Akim
surddrulebilir ve ekolojik ¢coziimler sunsa da buyuk cam yizeyler, iklimlendirme ¢ézlmleri,
altyapt sistemleri, Ozel Uretimler yiiksek enerji tiiketimine, kurgulanan akilli sistemler
radyasyon lretimine ve c¢evresel zararlanmaya neden olabilecek bilesenler igermektedir.
Biitilinii ile farkl: nitelikte ileri teknoloji ile yapilandirilan neo-fiitiiristik yapilar mevcut kentsel
doku, kiiltiir varliklar1 ve kentsel arkeoloji ile celismekte; yerel kimlik ile baglamsal
uyumsuzluk olusabilmektedir.

Neo-fiitlirist mimaride her bir binanin/yapinin form ve kitle 6zelliklerinin parametrik mimarlik
baglaminda son derece 6zgiin ve farkli olmas1 farkli estetik degerleri mimaride 6n plana
cikarirken mekansal kullanimlar, binanin igleve yanit vermesi ve etkin kullanim, ergonomi gibi
konularda sorunlara neden olabilmektedir. Yan1 sira mega kentlerde prestij yapisi olarak
tasarlanan neo-futuristik binalar ¢’showcase architecture’’olarak tanimlanan teknolojik kibir
yapilarina doniigerek mimarinin toplumsal ve kiiltiirel gerceklikten, kamusal gereksinimlerden
ayrismasina neden olabilmektedir (Gorsel 8). Neo-fiitiirizm yaratacagi sorunlara ve olanaklara
karsin gelecegin mimarisi ve baskin yapi tiirii olacak ve popiiler kiiltiir tarafindan
benimsenecektir. BIM ve parametrik tasarimin da etkinligini hizla artirmasi sonucu ¢ok daha
fazla entegre yapi sistemi neo-fiitiirist yaklasim ile tasarlanacaktir. En etkileyici ve ikonik
yapilar bu akim kapsaminda degisen estetik anlayis kapsaminda tasarlanmaktadir. ileri
teknolojilerin tasarim araci olarak kullanimi da tasarim siirecini kisaltirken yenilikgi
yaklagimlarin uygulanabilirligini kolaylagtirmaktadir.
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Gorsel 19 Neo- fiitiirist mimarlik (Url 15, Url 16)

Neo-fiitiiristik mimari gelenekseli reddeden ileri goriislii oldugunu savunan bir mimari
felsefedir. Ancak eski olan1 reddetmesi nedeni ile tasimir ve tasinmaz Kkiiltiir varhklari,
kalttrel ve arkeolojik peyzajlarin korunarak ulusal kimlik ve hafiza mekanlan ile
arkeolojik katmanlarin siirdiiriilebilirliginin saglanmasi oncelikli ve 6n kosul olmalidir.
Gerek bina gerek kent dlgeginde kiiltiir varliklar: ile kontrast 6zelliklere sahip olan bu yapilar
(Gorsel 9-10) dengeli bir yaklagim ve eski olanin ve tiim hafiza mekanlarinin korunup etkin
sunumu saglanarak mevcut dokuya entegre edilmelidir. Bu anlamda yenilik¢i yasam alanlari
mevcut kultlrel cevre ve geleneksel ile dengelenmelidir. Neo-futiirizm gegmis tiim akimlarin
sinirlamalarina yanit olmasi agisindan avangart bir bakis agis1 sunmasi, farkli akimlara iligkin
kitle ve mekan pratiklerini entegre etmesi ve hizli kentlesme ile teknolojik degisimlere yanit
vermesi ve gelecegin kentsel gelisim trendleri agisindan Oonemlidir. Bu kapsamda mimari,
teknoloji ve dogani bir arada var oldugu akilli sehirler giindeme gelmekte ve gelecektir. ileri
teknoloji ile insa edilen neo-fiitiiristik binalar doniisen kentsel gereksinimlere uyarlanabilir ve
esnek mekan tasarimlarina ¢oziim fireten niteligi baglaminda gelecek ic¢in potansiyel
olusturmaktadir. Yenilik ile gelenek, Kkiiltiir katmanlari, tarih ve hafiza mekanlan
dengelenmelidir.

Gorsel 20 Neo-fiitiirist mimarlik (Url 17)
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Gorsel 21 Neo-fiitiirist mimarlik (Url 18, Url 19)

Gelecegin mimarisinin teknolojik olmasi kagmilmazdir. Gelecegin mimarisi, genellikle
stirdiiriilebilirlik, akilli teknolojiler ve fiitiiristik estetik acidan nitelikli gibi algilansa da bu
vizyonlar derin ekonomik, toplumsal ve pratik celigkiler barindirmaktadir. Gelecegin
mimarisine yonelik en biiyiik elestiriler; asir1 teknoloji bagimliligi, soylulastirma riski, kiiltiirel
degerlerin kayb1 ve ¢evre dostu sdylemlerin arkasina gizlenen “yesil badana” (greenwashing)
pratikleridir.
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Teknolojik anlamda da risk ve sistem bagimliliklar1 olusabilecektir. Bu anlamda akilli evler ve
yapay zeka entegre binalar, yazilim giincellemelerine ve stirekli enerji akisina bagimli olacak,
siber glivenlik sorunlar1 yaninda yazilim agiklar1 sonucu fiziksel giivenlik sorunlar1 da
olusabilecektir. Teknolojik donanim hizla eskiyecegi icin bu teknolojiler ile desteklenen
binalarin yasam Omrii de kisalacaktir. Yani sira bazi sosyal sorunlar olusabilecek; eko-
soylulastirma giindeme gelecektir. Dikey ormanlar ve sifir karbonlu liikks projeler bugiin de
oldugu gibi yiiksek gelir grubunun erisebildigi statii sembolii haline gelecektir. Akilli sehir ve
binalar siirekli veri toplayan sensorler ile donatilarak yasam alanlarini toplumsal ve bireysel
anlamda siirekli gozetim altinda tutulan alanlara doniistiirecektir.

Neo-fiitiirist mimari ayn1 zamanda ekolojik celiskilere de sahiptir. Diisiik karbon ayak izine
sahip olarak tanimlanan ve “cevre dostu” olarak nitelenen dikey yapilanmada kullanilan
kompozit malzemeler ve yiiksek teknolojik altyapi, iiretim asamasinda ¢ok fazla karbon
salinimina neden olmaktadir. Binalarin dis cephelerinde gerceklestirilen yesil uygulamalar
(dikey ormanlar), gergek bir ekosistem olmamasi yaninda altyapi gereksinimi, asir1 su tiiketimi
ve bakim maliyeti yaratarak tam tersi etkiler olusturmaktadir. Neo-fiitiirist mimarinin neden
oldugu bir diger sorun ise kiiltiirel zararlanma ve kimliksizlesmedir. Yapay zeka destekli ve
parametrik mimari, ilerleyen siiregte Diinya’nin her yerinde birbirine benzeyen, yerel kiiltiir ve
cografi kimlikten yoksun, biiyiik dlcekli mega yapilar insan psikolojisi ve sosyal etkilesim
yerine anitsallig1 ve optimizasyonu dncelemektedir. Celik, cam ve beton gibi yiiksek teknolojili
malzemelerin yliksek karbon salinimi yaratmasi dogaya zarar vermekte, akilli binalarin
mekanik sistemlere bagimli hale gelmesi sonucunda siirdiiriilebilirligi zarar gormektedir.

Bugiin mimarlik pratiginde izlenen degisimler sadece mevcut araclarin iyilestirilmesi degil;
tasarima, iiretime ve binalarin yasam dongiisiine iliskin temel yaklasimlar1 degistirmektedir.
Mimarlik kurami, tarihi siire¢ boyunca hi¢bir zaman duragan olmamuis; her donemde toplumsal
doniistimler, ekonomik kosullar ve teknolojik gelismeler ile yeniden tanimlanmistir. Mimarlik
kurami1 her zaman toplumsal, kiiltiirel ve teknolojik degisimler ile yeniden bi¢cimlenerek farkli
donemlerde farkli sorulara yanit arayan dinamik bir yapida olmustur. Bu nedenle mekan,
degismez bir kategori olmamus; tarihsel kosullar, politik baglamlar ve diislinsel paradigmalar
ile birlikte doniisen bir kavramsal alan olarak mekan tarihsel, ekonomik ve politik kosullarin
etkisi ile stirekli yeniden kurgulanmustir.

Bugiin artirilmis gerceklik ve sensor teknolojileri le desteklenen eszamanli deneyimler,
“hibrit yerler” kavramim giindeme getirmektedir. Boylece mekansal aidiyet donlismekte;
“hibrit mekanlar” olusmaktadir. Boylece neo-fiitristik mimari hibrit ve akillh mekan
tanimlarmin kapsamini da genisletmektedir. Giincel teknolojiler ile de desteklenen neo-
fuitiiristik mimari risk olustururken olanaklar da sunmaktadir. Bir yandan “akilli mekanlar”
cogalirken gelecegin “duyularin 6tesinde yerler” fiziksel ve sanal katmanlarin hibritlestigi
deneyimler sunmaktadir. Bu potansiyelin nasil bi¢cim bulacagi ise teknoloji, yapay zeka ile
mimarlik kurami arasindaki elestirel, etik ve post-humanist tartigmalara baglidir. Mimarlik
pratigi bugiin sadece bi¢imsel iiretim ile degil; siirdiiriilebilirlik, verimlilik, ¢cevresel analiz ve
coklu parametre optimizasyonu gibi stratejik boyutlar ile de tanimlanmaktadir. Yapay zeka
tabanli uygulamalar, kullanict mahremiyeti, algoritmik Onyargilar ve kiiltiirel baglamin
homojenlestirilmesi risklerini tagimaktadir. Ayrica verilerin kiiresel sirketlerce tekellestirilmesi
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“dijital somiirgelestirme” olasiligin1 giindeme getirmektedir. Bu nedenle anonim veri
yonetimi, kiiltiirel ¢esitliligin korunmasi mimarligin etik - politik bir alan olarak yeniden
yorumlanmasini gerektirmektedir.

Diger yandan gelecegin teknolojisi kapsaminda en dnemli gelismelerden biri sanal gergeklik
olarak okunmaktadir. Toplum ve bireyleri “sanal bir Diinya’ya” adapte etmeye ¢calisan
kiresel guclerin bu anlamda teknolojik olanaklar1 kullanmasi kaginilmaz olacak ve bireyler
yalnizlastirilarak i¢ mekanlarda; evlerinde/konutlarinda toplumdan soyutlanarak sanal
gergeklige erisim saglarken mimari de bu dogrultuda doniisebilecektir. Ancak gerek saglikli
toplumlar gerek bireysel saglik agisindan gercek, saglikli, sosyal ve kiiltiirel etkilesimin kentsel
kamusal alanlarda siirdiiriildiigi yasayan mimari gelecegin mimarisi ve en dogru ¢0ziim
olacaktir. Gelecegin kentsel gelisim trendleri ve yasam alanlarinin tasarimi agisindan neo-
fiitlirizm Onemlidir ve gelecek igin potansiyel olusturmaktadir. Ancak geleneksel mimaride
kadim cevre ve yapi bilgisi gizlidir. Dolayis1 ile yenilik ile gelenek, giincel teknolojik
binalar ile mevcut Kkiiltiir katmanlar ve tarihi dengeleyecek mimari tasarim felsefeleri
dogrultusunda mimari bicim bulmahdir... Gelecegi dogru okumak... gelecegin
teknolojisini, yasam ¢evrelerini ve Diinya’y1 dogru okumak... okuyabilmek ise neo-futlirizmin
basarisini artiracaktir.
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IC MIMARI GORSELLESTIRMEDE ANTi-RENDER YAKLASIMI: YAPAY ZEKA
DESTEGIYLE iDEALIZE EDIiLMiS TEMSILDEN KULLANILAN MEKANIN
TEMSILINE

Ars. Gor. Dr. Emre PINAR
Cukurova Universitesi, pinare@cu.edu.tr - 0000-0002-1222-4680

OZET

Ic mimari gorsellestirmede ii¢ boyutlu fotogercekci render! olusturma yaklasimi, heniiz
uygulanmamis tasarimlarin  kullanict ve miisterilere aktarilmasinda yaygin olarak
kullanilmaktadir. Ancak bu gorsellerde mekan ¢cogunlukla diizenli, yeni, kontrollii ve kullanim
izlerinden armdirilmis idealize edilmis bir durumda temsil edilmektedir. Gergek kullanim
stirecinde ise ek esya ve donatilar, kisisel nesneler, kullanict miidahaleleri ve gilindelik
faaliyetler mekanimn hem goriiniimiinii hem de isleyisini degistirebilmektedir. Son yillarda
idealize edilmis fotogergekci temsillere yonelik elestiriler ile tiretken yapay zekanin gorsel
iretim olanaklarinin gelismesi, kusursuz mekén temsilini sorgulayan anti-render yaklagiminin
ortaya ¢ikmasi ve goriiniirlik kazanmasma katki saglamistir. Bu calismada anti-render
yaklasimi, fotogercekeiligin reddi olarak degil, idealize edilmis kullanim 6ncesi temsilin olasi
kullanim sonrasi senaryolariyla genisletilmesi olarak ele alinmaktadir. Arastirma kapsaminda
yasama alani, calisma alani, mutfak, yatak odasi ve geng¢ odasi olmak iizere bes farkli i¢ mekana
ait geleneksel render ve yapay zeka destekli anti-render gorsel giftleri olusturulmustur. Toplam
10 gorsel, 85 kullanici tarafindan begli karsilastirmali 6lgek ve acik uclu sorular araciligiyla
degerlendirilmistir. Degerlendirmede giinliik kullanim gergekligi, kullanim sonrasini 6ngérme,
ek gereksinimleri fark etme, islevsel yeterlilik, tasarim kararina katki ve estetik sunum 6lgutleri
karsilagtirilmistir. Calisma sonucunda anti-render yaklagiminin, geleneksel render1 kullanim
senaryolart agisindan tamamlayan bir tasarim 6n-degerlendirme ve karar destek araci olarak

kullanilabilirliginin sorgulanmas1 amaglanmustir.

Anahtar Kelimeler: I¢c Mimarlik, Gorsellestirme, Render, Anti-Render, Yapay Zeka

1 Mimari ve i¢ mimari tasarimda, ti¢ boyutlu dijital modelin malzeme, doku, 151k, gélge, kamera ve diger cevresel
degiskenler kullanilarak gergekgi bir gorsele dontstlriilmesi stirecidir.
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OZET

Ekoturizm alanlarinin uygunlugunun belirlenmesinde fiziksel, dogal, cevresel ve sosyo-
ekonomik bir¢ok faktor etkilidir. Ekoturizm planlamasi kapsaminda etkili olabilecek ¢ok
sayida kriterin degerlendirilmesini gerektiren siirecte, kriterlerin agirliklandirilmasi ve birlikte
degerlendirilmesine olanak saglayan Cok Kriterli Karar Analizi (CKKA) yontemleri yaygin
olarak kullanilmaktadir. Bu durumun paralelinde ¢ogu yazar, ekoturizm gelisime yonelik
Analitik Hiyerarsi Siireci (AHP)’den yararlanmis olup, bu yontem siireci ekoturizm uygunluk
analizlerinde etkin bir arag¢ olarak kullanilmistir. Bu calismalar, ekoturizm potansiyelinin
belirlenmesinde AHP siirecinin siklikla kullanildigini ortaya koymakla birlikte, ekoturizm-
AHP arastirma alaninin kiiresel dl¢ekte nasil gelistigini, hangi temalarin 6ne ¢iktigini, hangi
arastirmaci, yayimci kurum ve iilkelerin alana yon verdigini biitlinciil olarak sunmamaktadir.
Bu ¢ercevede ekoturizmde AHP kullanimi konusundaki bilimsel iiretime yonelik, Web of
Science (WoS) veri tabaninda baglik alan1 6zelinde tespit edilen 153 adet calisma; biiylime
miktari, onde gelen kurum, yazar, iilke, yayinct dagilimi, arastirma alan diizeyi, fonlanma
durumu ve indeks tiirleri temelinde analiz edilmis, Birlesmis Milletler Siirdiirtilebilir Kalkinma
Hedefleri ile de niceliksel agidan iliskilendirilmistir. Ayn1 zamanda; yazar, dergi ve yayin yili
temelinde en ¢ok alint1 yapilan ¢alismalar degerlendirilerek, ilgili konudaki tematik egilimler
saptanmistir. VOSviewer yazilimi ile de, iilke, kurum ve yazar ile anahtar kelimeler temelinde
diigim tirleri araciligiyla is birligi aglari analiz edilmistir. Analizler, ekoturizmde AHP
caligmalarinin; teknik, analitik ve metodolojik boyutu ile fen ve g¢evre bilimleri alaninda
yogunlastigini, SCI + SSCI indekslerde kabul gordiigiinii, siirdiiriilebilir kalkinma ve
planlamaya dayanan disiplinler arasi bir yapiya sahip oldugunu ve 6zellikle de Asya iilkelerinde
odaklandigin1 ortaya koymustur. Bu calismanin sonuglarinin, ekoturizm alaninda AHP
kullanimina iliskin mevcut arastirma durumunun ve gelisim egilimlerinin ortaya konulmasina
katk1 saglayarak, arastirmacilar ve ilgili okuyucular i¢in yol gdsterici olmas1 beklenmektedir.

Anahtar Kelimeler: Bibliometrik Analiz, Ekoturizm ve AHP, Web of Science (WoS),
VVOSviewer
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1. GIRIS

Ekoturizm alanlarimin uygunlugunun belirlenmesinde fiziksel, dogal, cevresel ve sosyo-
ekonomik 6zellikler gibi ¢ok sayida faktor etkili olmakta (Zabihi vd., 2020) ve bu faktorlerin
belirlenmesi ile goreceli Onemlerinin ortaya konulmasi, belirli bir alanin ekoturizm
potansiyelinin dogru ve sistematik bigimde degerlendirilmesi agisindan 6nem tasimaktadir
(Fadafan vd., 2022). Bu durumun desteklendigi Ullah ve Hafiz (2014)’in ¢alismasinda da;
ekoturizm gelisiminde bir¢ok kriterin etkili oldugu, buna bagli olarak ekoturizm faaliyetleri i¢cin
arazi uygunluk analizinin karmasik bir karar verme siirecini i¢erdiginden yerinde bilgiye ve
0znel degerlendirmeye ihtiya¢ duyuldugu belirtilmistir. Bu kapsamda, ekoturizm konulu pek
cok calismada, kriterlerin goreceli agirliklarinin belirlenmesine ve farkli kriterlerin birlikte
degerlendirilmesine olanak saglayan cesitli Cok Kriterli Karar Analizi (CKKA) yontemleri
kullanilmaktadir (Mankelkelot vd., 2026; Ali vd., 2026; Amsalu vd., 2026; Kolcha vd., 2025;
Bhunia ve Singh, 2025; Abtahee vd., 2023; Ullah ve Hafiz, 2014). Bu yOntemler arasinda
Analitik Hiyerarsi Siireci (AHP), faktorlerin goreceli 6nemini belirlemek amactyla ikili
karsilastirma matrislerinin olusturulmasina ve ana 6zvektor kullanilarak faktor agirliklarinin
hesaplanmasi siireci temelinde; ¢ok sayida faktoriin dikkate alindig1 karmasik karar verme
stireclerini hiyerarsik yapilara ayirmasi, uzman goriislerini siirece dahil etmesi ve kriterlerin
goreceli onemini nicellestirmesi (1: esit onem, 9: asir1 onem) (Saaty, 1987; Saaty, 1990)
sayesinde, ekoturizm uygunluk analizlerinde etkin bir arag olarak kullanilmigtir (Mankelkelot
vd., 2026; Ali vd., 2026; Amsalu vd., 2026; Kolcha vd., 2025; Bhunia ve Singh, 2025; Abtahee
vd., 2023; Fadafan vd., 2022). Omegin, Mankelkelot vd. (2026)’nin ¢alismalarinda; Cografi
Bilgi Sistemleri (CBS) ve Analitik Hiyerarsi Siireci (AHP) yontemlerini birlestiren entegre bir
yaklasim kullanilarak Etiyopya Bahir Dar ve c¢evresinin ekoturizm potansiyeli
degerlendirilmistir. Benzer sekilde, Ali vd. (2026); Pakistan/Hayber Pahtunhva/Citral
Bolgesi'nde ekoturizm uygunluk bdolgelerini belirlemek igin AHP kullanmislardir. Ek olarak
AHP, Sahahiri vd. (2026)’nin ¢aligmalarinda; Cidde ve Alula arasindaki potansiyel ekoturizm
rotalarinin  belirlenmesi  temelinde  kullanilmistir. Bununla birlikte, c¢oklu  kriter
degerlendirmelerine dayali olarak AHP karar verme yontemini; Acharya vd. (2022); Hindistan
Bat1 Bengal'de, Wu vd. (2022); Diaoluo Dag1 Milli Doga Rezervi’nde, Mobaraki vd. (2014);
Iran- Isfahan’da, Nahuelhual vd., (2013); Giiney Sili’de olmak {izere farkli &lceklerde
potansiyel ekoturizm alanlarini belirlemek i¢in kullanmislardir. Benzer sekilde; Ullah ve Hafiz
(2014)’in Banglades'in Cox's Bazar bolgesi ile Bunruamkaew ve Murayama (2011)’nin
Tayland'mn Surat Thani Eyaleti 6zelinde yapmis olduklari ¢alismalarda; potansiyel ekoturizm
alanlar1 Cografi Bilgi Sistemi ve Analitik Hiyerarsi Siireci kullanilarak belirlenmis ve
siralanmigtir. Bu caligmalar, ekoturizm potansiyelinin belirlenmesinde AHP siirecinin siklikla
kullanildigin1 ortaya koymakla birlikte, AHP—ekoturizm arastirma alanmin kiiresel 6lg¢ekte
nasil gelistigini, hangi temalarin 6ne ¢iktigini, hangi arastirmaci, yayimci kurum ve iilkelerin
alana yon verdigini biitlinciil olarak sunmamaktadir. Bu noktada bibliyometrik analiz, konu
0zelinde ortaya ¢ikan egilimleri ve aragtirma bosluklarini ortaya ¢ikarmak, etkili yazarlar1 ve
dergileri belirlemek ve alanin yapisini ve evrimini sistematik ve nicel bir bigimde ortaya
koymak (Salazar vd., 2026) i¢in giiclii bir bakis sunmaktadir. Bu cergevede; bildiride,
ekoturizm arastirmalarinda Analitik Hiyerarsi Teknigi’nin (AHP) kullanimina iligkin bilimsel
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literatiiriin gelisimini, arastirma egilimlerini, 6ne c¢ikan yazar, iilke, kurum ve dergileri,
kullanilan anahtar kelimeleri ve arastirma temalarinin zaman igerisindeki degisimini
bibliyometrik haritalama teknikleri araciligiyla ortaya konulmasi amaglanmistir.

2. VERI KAYNAGI, GOSTERGE SECIMi ve ANALiZ YONTEMI

Calismanin ana kaynagini, diinya ¢apinda yetkin ve etkin diizeyde ¢ok sayida akademik dergiyi
iceren Web of Science (WOS) veri tabani olusturmustur (Gong vd., 2019).

Arastirmanin veri setini, 30.08.2026 tarihi itibartyla Web of Science (WoS) veri tabaninda
2008-2026 yillart arasinda yayimlanan ve baslik alaninda “Ecotourism and AHP” anahtar
terimlerini i¢eren toplam 153 bilimsel yayin olusturmaktadir. Bibliyometrik analiz kapsaminda
degerlendirilen yayinlarin, %95,43’ini makale ile %9,15’ini bildiri tiirlindeki ¢alismalar igermis
ve bu calismalari %97,39°u Ingilizce olarak yayimlanmustir. Bu cercevede ilgili konudaki
bilimsel iiretimin biiylime miktari, nde gelen kurum, yazar, iilke, yaymci dagilimi, arastirma
alan duzeyi, fonlanma durumu ve indeks tirleri analiz edilmistir. Bununla birlikte, konu bazli
153 calisma, Birlesmis Milletler Siirdiriilebilir Kalkinma Hedefleri ile niceliksel agidan
iliskilendirilmistir. Tematik egilimlerin saptanmasina yonelik olarak da; yazar, dergi ve yayin
yil1 temelinde en ¢ok alint1 yapilan ¢alismalar degerlendirilmistir. VOSviewer yazilimu ile de,
iilke, kurum ve yazar ile anahtar kelimeler temelinde diigiim tiirleri araciligiyla is birligi aglar
analiz edilmistir.

3. EKOTURIZM ARASTIRMALARINDA ANALITIK HIYERARSI TEKNIGI’NIN
(AHP) KULLANIMINA iLiSKIiN BILIMSEL LITERATURUN GELISIM EGILiMi

3.1 Yillik Yaym Uretim Egilimi

Bilimsel literatiir sayisi, konu arastirmasinin aktivitesini ve gelisimini belirli bir Ol¢iide
yansitabilir (Lyu vd., 2026). WoS veri tabaninda baglik alan1 kapsaminda 2008-2026 yillari
arasinda (30.08.2026 tarihi itibartyla) indekslenen 153 calisma incelendiginde, yayin
sayilarinda 6zellikle 2020 y1l1 sonrasinda genel bir artis egiliminin ortaya ¢iktig belirlenmistir.
Keza 2020 yilindan gilinlimiize 1ilgili konudaki iiretilen calismalar toplam yaymlarin
%75,16’s1m1 olusturmustur. Diger taraftan, 2008—2016 doneminde yayin sayilar1 1-5 arasinda
olmak iizere olduk¢a diisiik diizeyde seyrederken, 2017-2019 doéneminde ise yayin sayisinda
kademeli bir artig goriilmiistiir. 2026 itibari ile indekslenen 15 ¢alisma (Gorsel 1) ise yilin heniiz
tamamlanmamis olmas1 dikkate alindiginda konu 6zelinde yapilacak ¢aligmalarin artacagini
isaret etmektedir. Bu durum, ilgili konudaki gelisim hizinin yiikselis trendini gostermektedir.
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Gorsel 1. Tlgili konu 6zelinde yayin ¢ciktis1 ve zamansal egilim

3.2. Kurum, Ulke, Yazar ve WoS Veri Taban1 Kategori Dagilim Analizi

Kurumlar agisindan degerlendirildiginde, ekoturizm arastirmalarinda AHP kullanimina yonelik
dagilimda pek ¢ok kurulus gorev almakla birlikte, konuya yonelik olarak Asya'daki arastirma
kurumlarinin (30 adet yayin) oncii olarak yer aldig1 dikkat gekmektedir. Ozellikle de, Islami
Azad Universitesi ile Tahran Universitesi dzelinde yapilan ¢alismalar (toplam 13 yayn) dikkate
alindiginda, Iran'n konu alaninda belirgin bir katkis1 oldugu goriilmektedir (Gorsel 2).

[lgili konu 6zelinde etkin iilke dagiliminda Cin ve Iran 6n plana ¢ikarken, 6zellikle de Asya
konumlu tilkelerin agirlikli olarak yer aldig1 gozlemlenmistir. Tiirkiye ise ilgili konuya 15 adet
yayn ile destek saglayarak, en etkin lilke dagiliminda dordiincii sirada yer almistir (Gorsel 3).
Ilgili konu 6zelinde WoS veri tabania gore, yiiksek yaymn ciktisina sahip yazarlar arasinda
belirgin bir yogunlagsma goriilmemekle birlikte; ilk sirada tiger adet yayn ile “Monavari, S. M.,
Cvetkovic, Marija S., Demir, Sara” yer almistir (Gorsel 4).

Web of Science veri tabani kategorilerinden elde edilen bu alandaki arastirma bulgular
degerlendirildiginde, oncelikle “cevre bilimleri” (52 yayin) ile “cevre arastirmalar1 ve yesil
stirdiiriilebilir teknolojiler bilimleri” (27 ser yayin) alanlarinda yogunlasildigi saptanmustir.
Bununla birlikte, kategorik dagilim incelendiginde, (Gorsel 5) AHP'in ekoturizm
arastirmalarinda; ¢evresel degerlendirme, sirdurulebilirlik, ekolojik analiz ve mekansal
planlama calismalarinda 6nemli bir yontem olarak degerlendirildigi sdylenebilir.
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Gorsel 2. Ekoturizmde AHP kullanimi alanindaki etkin arastirma kurumlari (ilk 10)
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Gorsel 3. Ekoturizmde AHP kullanin alanindaki etkin iilkeler (ilk 10)

Monavari, S.M. @ 20
Cvetkovic, Marija S. @ 20
Demir, Sara @ 20

Gilimser, Aliye Ahu @ 2@
Negahban, Saeed @ 2@

Riazi, Borhan @ 20

Mokarram, Marzieh @ 2@

(] Dobricic, Mitica @ 2@
Sahani, Nemai @ 20
Waldykowski, Piotr @ 2@
Jeong, Jin Su@® 2@

Garcia Moruno, Lorenzo @ 20
Olaniyi, Oluwatobi E. @ 2@
Kaymaz, Caglar Kivanc @ 2@
Gemeda. Dessalegn Obsi @ 2@

Gorsel 4. Ekoturizmde AHP kullamimi alamindaki etkin yazarlar (ilk 10)
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Cevre Bilimleri 52
Cevre Aragtirmalan 27
Yesil Strdirilebilir Teknolojisi Bilimleri 27

Konaklama Eglence Spor Turizm 17

Cografya 15

Ekoloji "

Yer Bilimlen )
Muitidisipliner Bilimier 3
Uzaktan Algilama 8

Gorsel 5. Ekoturizmde AHP kullamim alaninda WoS kategori dagilim (ilk 10)
3.3. Aragtirma Alani, Dergi, Yayimci Kurum, Wos Indeks Tiirii ve Fon Kaynaklari Dagilimi

flgili konunun arastirma alanlarina gore dagilimda ilk {i¢ siray1 “cevre bilimleri ve ekoloji” 69
yayin ile ilk sirada yer alirken, “bilim teknoloji” 36 ve “sosyal bilimler” 19 yayin ile olusturmus
olup, genel dagilimda ise farkli aragtirma alanlarinin yer aldigi goriilmiistiir (Gorsel 6). Bu
durum, 6zellikle ekoturizm ve AHP calismalarinin ¢evresel, mekansal, teknolojik ve sosyo-
ekonomik boyutlar1 bir araya getiren disiplinler arasi bir arastirma alani oldugunu
gostermektedir.
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Gorsel 6. Ekoturizmde AHP kullanimi alaninda arastirma alam dagihim (ilk 10)

Web of Science veri tabaninda indekslenen dergilerden elde edilen bu alandaki arastirma
bulgular1 degerlendirildiginde, oncelikle siirdiiriilebilirlik, uygunluk analizi ve dogal kaynak
yOnetimi gibi alanlar1 kapsayan “Sustainability” dergisinin one ¢iktig1 saptanmistir. Diger
temsilci dergiler arasinda “Environmental Development and Sustainability”, “Journal of
Ecotourism” ve “Geojournal” yer almaktadir (Gorsel 7). Bu durum, AHP'nin g¢evresel
stirdiiriilebilirlik ve ekoturizm gelisiminde ara¢ olarak yer aldigini1 ve ekoturizmin cografi,
mekansal ve bolgesel boyutlar1 ile AHP'nin mekansal karar verme siireclerindeki kullanimini
destekledigini ortaya koymaktadir.

Mlgili konudaki éncii yayrmeilar incelendiginde; Springer Nature, MDPI, Elsevier ve Taylor &
Francis'in toplam yaymlarin %59,48°1lik bir oranin1 olusturdugu belirlenmistir. Bu durum,
ekoturizmde AHP kullanimina iligkin aragtirmalarin etkin uluslararasi yaym aglarina sahip
yaymevlerinde yogunlastigini ortaya koymaktadir. Ozellikle 29 adet yayin ile Springer
Nature'nin 6ne ¢ikmasi (Gorsel 8), sitirdiiriilebilirlik, ¢evresel yonetim gibi AHP'in yaygin
olarak kullanildig: arastirma alanlari ile Ortiigtiiglinii destekler niteliktedir.
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Gorsel 7. Ekoturizmde AHP kullamim alaninda temsilci dergi dagihm (ilk 8)
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Gorsel 8. Ekoturizmde AHP kullanin alaninda 6ncii yaymmeilar (ilk 5)
Yayinlarin %49’luk diliminin SCI indeksli dergilerde yer almasi, ekoturizmde AHP ve CBS

caligmalarinin teknik, analitik ve metodolojik boyutu ile fen ve g¢evre bilimleri alaninda
yogunlastigini desteklemektedir. Bununla birlikte, indeks dagilimi incelendiginde, ekoturizmde
karar verme yontemlerinin %73'n Uzerinde ana c¢ekirdek indekslerde (SCI + SSCI) kabul
gordiigii saptanmistir (Gorsel 9). Bu durum, ilgili konunun yontem olarak fen bilimlerine, hedef

olarak ise sosyal bilimlere dayanan disiplinler arasi bir yapiya sahip oldugunu destekler
niteliktedir.
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Gorsel 9. Ekoturizmde AHP kullanim alaninda WosS tiirii dagilim (ilk 3)

Fon kaynaklar1 dagilimi incelendiginde Cin odakli kurumlarin ekoturizmde AHP kullanimi
konusunda lider konumda oldugu gériilmiistiir. Ulusal 6lgekte ise, TUBITAK’in 4 adet
caligmaya destek verdigi saptanmistir (Gorsel 10).
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Gorsel 10. Ekoturizmde AHP kullanimi alaminda etkin fon kaynaklar: dagihm (ilk 5)
3.4. Birlesmis Milletler Siirdiiriilebilir Kalkinma Hedefleri ile Iliskilendirilmesi

Siirdiiriilebilir Kalkinma Hedefleri agisindan degerlendirildiginde, ekoturizm ve AHP konulu
yaynlarin en ¢ok “SKH 11: Siirdiirtilebilir Sehirler ve Topluluklar™ ile iliskilendirildigi (111
yayn) saptanmustir. “Karasal Yasam, Iklim Eylemi, Sudaki Yasam ve Sifir A¢lik” hedeflerinin
de dagilimda yer almasi, caligmalarin ¢evresel koruma, iklim degisikligi ve kirsal kalkinma

boyutlarin1 igeren ¢ok yonlii bir siirdiiriilebilirlik yaklagimina sahip oldugunu destekler
niteliktedir (Gorsel 11).
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Gorsel 11. Ekoturizmde AHP kullaniminin Siirdiiriilebilir Kalkinma Hedefleri ile
iliskilendirilmesi

3.5. Is Birligi Aglar1 (Yazar, Ulke, Kurum) ve Anahtar Kelime Analizi

Yazar is birligi analizi, incelenen arastirma alaninda is birliklerinin belirli aragtirmaci gruplari
etrafinda yogunlastigin1 gostermektedir. Agin biiyiik kismin1 olusturan kirmiz1 kiime, giiclii ve

yogun bir ortak yazarlik yapisina sahipken, yesil kiime daha kiiclik ve gorece bagimsiz bir
arastirma grubunu temsil etmektedir. Girma Atkilt kirmiz1 ve yesil kiimeler arasinda baglanti

kurarak 13 adet is birliginde bulunan yazar olarak 6n plana ¢ikmistir. Bu durum, Girma
Atkilt’in, farkli arastirma gruplar arasindaki bilgi ve akademik etkilesimin saglanmasinda bir

koprii yazar oldugunu gostermektedir (Gorsel 12).
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Gorsel 12. WoS veri tabaninda yayin yapan kurumlarin ag diyagramm

Uluslararasi is birligi ag1 incelendiginde; sag-orta kisminda sari-yesil renkle temsil edilen Cin,
agdaki en biiyiik ve en merkezi diiglimlerden birini olusturmustur. Hem dogusundaki tilkelerle
(Etiyopya, Hirvatistan) hem de batisindaki ana kiimelerle (Iran, Hindistan vb.) giiclii koprii
baglantilarina sahiptir. Iran, kirmizi kiimenin merkezinde yer alan diigiimii olusturarak,
ekoturizm ve AHP entegrasyonunda kiresel 6lcekte en Uretken dlkelerden biri olarak 6ne
cikmistir. Mor kiimenin merkezinde yer alan Hindistan ise hem bat1 hem dogu bloklar1 arasinda
onemli bir gecis noktasi rolii istlenmistir (Gorsel 13).

bangladesh § ronnia @
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gerany
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Gorsel 13. Uluslararasi is birligi ag:

Kurumsal is birligi ag1 Gorsel 14. de sunulmustur. Ag incelendiginde; iki ana kiimenin tek bir
merkez tliniversite iizerinden birbirine baglandig1 bir yapinin olustugu gézlemlenmistir. Agin
tam merkezinde yer alan yesil renkli Mansoura Universitesi (Misir) 14 adet is birligi ile, sol
taraftaki Cezayir-Sudan (kirmizi) kiimesi ile sag taraftaki Hindistan (yesil) kiimesini birbirine
baglayan bir koprii rolii olusturmustur (Gorsel 14).
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Gorsel 14. Kurum is birligi ag

Anabhtar kelimeler, makalelerin ana i¢erigini yansitan temel bilgileri ortaya koymada etkilidirler
(Yan ve Zhiping, 2023). Dolayisiyla; anahtar kelime es-goriiniim haritasi ile, ekoturizmde AHP
konulu akademik literatiiriin kavramsal yapisi, alt aragtirma temalari ile bu temalarin birbiriyle
olan entegrasyonu belirlenmeye calisilmistir. Bu kapsamda olusturulan anahtar kelimeler
incelendiginde; “ekoturizm, Cografi Bilgi Sistemleri ve AHP” agin omurgasini olusturan ve en
yiiksek yogunluga sahip li¢ ana kavrami olusturmustur (Gorsel 15).
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Gorsel 15. Anahtar kelime es olusum analizi

Gorsel 15’e gore; farkli renklerle gruplandirilmis, ekoturizm ve AHP kesisimindeki ana
arastirma egilimlerini gosteren belirgin tematik kiimeler bulunmaktadir. Uygunluk analizi,
CBS, milli park ve arazi uygunluk analizi kavramlarindan olusan kirmizi ve yesil kiime;
ekoturizm alanlarinin belirlenmesi, milli parklarin planlanmasi ve arazi kullanim uygunlugunun
degerlendirilmesi siire¢lerinde CBS tabanli mekénsal analizlerin baskin bir yaklasim olarak
kullanildigin1 ortaya koymaktadir. Pembe, mor & gri kimede ise; Cok Kriterli Karar Verme ve
Yontemlerini igeren kavramlarmin yogunlastigi saptanmistir. Bu durum, ekoturizm
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destinasyonlarinin stratejik planlamasinda AHP'nin nitel ve nicel analizleri birlestirmek icin
siklikla kullanildigini gostermektedir. A¢ik mavi & sar1 kiimede ise; siirdiiriilebilir kalkinma,
ekosistem hizmetleri, tasima kapasitesi degerlendirmesi ve koruma kavramlar1 dikkat
cekmektedir. Bu durum, AHP metodolojisinin yalnizca ekonomik veya mekansal degil,
ekolojik koruma dengesi ve toplumsal katilim boyutlarini 6l¢mek i¢in de bir arag olarak tercih
edildigini ortaya koymaktadir.

3.6. Atif Analizi

Cizelge 1, WoS'ta ekoturizmde AHP arastirmalar: iizerine en ¢ok alint1 yapilan 10 makaleyi
gostermektedir. Buna gore, Zabihi vd.’nin hazirladiklar1 2020 yilinda yayimlanan “Study on
the rural ecotourism resource evaluation system” baglikli ¢calisma ilgili konudaki en fazla atif
alan ¢aligma olmustur. “Environment, Development and Sustainability” en ¢ok atif alan dergi
(120 adet) olurken, 2020 en fazla alintinin (247 adet) yapildigi yil olmustur (Cizelge 1).

Cizelge 1. WoS'ta Ekoturizmde AHP arastirmalar iizerine en ¢ok alint1 yapilan makaleler

Yazar(lar) Yil Dergi Toplam Yillik
atif ort. atif
Zabihi, vd. 2020 | Tourism Management Perspectives 97 13.86
Jeong, vd. 2014 | Land Use Policy 88 6.77
Kumari, vd. 2010 | Tropical Ecology 75 4.41
Gebre, vd. 2021 Int. Soil and Water Conservation Research 69 11.50
Chaudhary, vd. | 2022 | Environment, Development and Sustainability 69 11.50
Cetinkaya, vd. | 2018 | Kybernetes 57 6.33
Mansour, vd., 2020 Journal of Ecotourism 56 8.00
Acharya, vd., 2022 | Sustainability 54 10.80
Sahani, 2020 Environment, Development and Sustainability 51 7.29
Xiang, vd., 2020 | Environmental Technology & Innovation 45 6.43

Ekoturizm alaninda en ¢ok atif alan caligmalar incelendiginde, konunun salt bir turizm
potansiyeli ¢ergevesinde degerlendirilmesinin yani sira; koruma-kullanma dengesini gozeten
cok boyutlu bir mekansal planlama cercevesinde degerlendirildigini gostermektedir. Ozellikle
de ilgili calismalarin daghk ekosistemler (Himalayalar), ada/kiy1 seritleri ve kirsal yerlesim
baskisi altindaki hassas alanlarda yogunlastig1 goriilmistiir.

4. SONUCLAR VE DEGERLENDIRME

Bildiri kapsaminda; WoS veri tabaninda baglik alaninda yer alan ekoturizmde AHP kullanimi1
ile ilgili caligmalarin bibliyometrik analiz yoluyla biitlinsel bir profili ortaya konulmustur.
Bulgular ¢ergevesinde elde edilen sonuglar asagida maddelenmistir.

¢ Yayin sayisindaki artig trendine bagh olarak, ilgili konunun kesif asamasindan gelisim
gosteren ¢ok disiplinli bir alana dogru ilerledigi saptanmustir.
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e Konuyla ilgili 6nde gelen dergiler arasinda “Sustainability yer alirken, “Environmental
Development and Sustainability” atif etkisi a¢isindan lider konumda olmustur.

e (Cin, ilgili konuda yayin sayis1 ve finansman destegi bakimindan en iiretken iilke
konumunda yer alirken, alanda Asya konumlu iilkelerin agirlikli olarak yer aldigi
gdzlemlenmistir. Cin, iran ve Hindistan uluslararasi is birligi aglarinda éncii olarak rol
iistlenmislerdir.

e Yontemin Ozellikle ¢evre bilimleri, siirdiiriilebilirlik, cografya ve uzaktan algilama gibi
alanlarla birlikte kullanilmasi, ekoturizm planlama ve alan uygunlugu ¢aligmalarinda ¢ok
kriterli ve mekansal degerlendirme yaklasimlarinin 6nem kazandigini ortaya koymaktadir.

e Konunun, teknik, analitik ve metodolojik boyutu ile SCI + SSCI indekslerde kabul
gorerek, stirdiiriilebilir kalkinma ve planlamaya dayanan disiplinler aras1 bir yapiya sahip
oldugu belirlenmistir.

e Ekoturizmde AHP odakli ¢alismalarin uluslararasi is birligi yapisi, Cin ve iran'in liderlik
ettigi ¢ift merkezli bir yap1 olusturmustur.

¢ Anahtar kelimeler, ekoturizm uygunluk analizlerinde AHP ve CBS’nin arastirma alaninin
temel metodolojik eksenini olusturdugunu gdstermistir. Bununla birlikte, ekoturizmde
AHP kullanimi konusunun; doga koruma, tasima kapasitesi, milli park yonetimi ve CBS
destekli arazi planlamasi gibi ¢evre odakli ve mekansal miithendislik gerektiren alanlarda
da iligkili oldugu ortaya konulmustur. Bu durum, ekoturizmde AHP kullanimina y6nelik
arastirmalarin; stirdiiriilebilirlik, koruma, arazi kullanim planlamas1 ve tasima kapasitesini
biitiinlestiren mekansal planlama siireclerine odaklandigini ortaya koymaktadir.

Calisma sonuglari; ekoturizm arastirmalarinda AHP nin kullanimina iliskin bilimsel literatiiriin
gelisiminde mevcut duruma yonelik 6nceliklerin belirlenmesi ve gelecekteki aragtirmalar i¢in
de cerceve olusturulmasina yonelik bir referans gorevi saglayacaktir. Bununla birlikte,
bibliyometrik verilerin; kullanilan veri tabani, arama kriteri ve alanina bagh olarak siirekli
olarak giincellenecegi goz Oniine alindiginda, burada sunulan sonuglarin zaman iginde
degisebilecegi gz oniline alinmalidir.

KAYNAKCA

[1]  Abtahee, M., Islam, A.A., Haque, N., Zonaed, H., Ritu, S.M., Islam, E., Zaman, A.
(2023). Mapping Ecotourism Potential in Bangladesh: The Integration of an Analytical
Hierarchy  Algorithm and  Geospatial Data.  Sustainability, 15(15), 11522.
https://doi.org/10.3390/su151511522

[2] Acharya, A., Mondal, B.K., Bhadra, T., Abdelrahman, K., Mishra, P.K., Tiwari, A., Das, R.,
(2022). Geospatial Analysis of Geo-Ecotourism Site Suitability Using AHP and GIS for
Sustainable and Resilient Tourism Planning in West Bengal, India. Sustainability, 14(4), 2422.
https://doi.org/ 10.3390/ su14042422.

[3] Ali, Z., Makian, S., Ashfaq, S., Nasir, M.J., Tufail, M. (2026). Geo spatial assessment

of ecotourism suitability using GIS based AHP and its socio economic and environmental
impacts in Chitral, Pakistan. Discover Environment, 4(193), 1-28.
https://doi.org/10.1007/s44274-026-00704-5.

[4] Amsalu, A., Tizazu, A., Tefera, E.B., Zerssa, G.W., Gemeda, D.O. (2026). Spatial
assessment of ecotourism potential in the Kafa Biosphere Reserve, Ethiopia: A GIS-based
multi-criteria decision analysis. Scientific African, 33, e03477,
https://doi.org/10.1016/j.sciaf.2026.e03477.

%94



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

[5] Bhunia U, Singh AK. Integrated geospatial analysis for ecotourism potential: a study of
Jhargram District using geographic information systems and analytical hierarchy process. Int J
Geoherit Parks. 13(4), 561-78. https://doi.org/ 10.1016/ J.IJGEOP.2025.10.003

[6] Bunruamkaew K, Murayama Y. 2011. Site Suitability Evaluation for Ecotourism Using
GIS and AHP: A Case Study of Surat Thani Province, Thailand. Procedia Soc Behav Sci., 21,
269-278.

[7] Chaudhary, S., Kumar, A., Pramanik, M., Negi, MS. (2022). Land Evaluation and
Sustainable Development of Ecotourism in the Garhwal Himalayan Region Using Geospatial
Technology and Analytical Hierarchy Process. Environment Development and Sustainabulity,
24(2), 2225-2266. Environment, Development and Sustainability, 24, 2225-2266.
https://doi.org/10.1007/ s10668-021-01528-4.

[8] Cetinkaya, C., Kabak, M., Erbas, M., Ozceylan, E. (2018). Evaluation of Ecotourism
Sites: A GIS-based Multi-Criteria Decision Analysis. Kybernetes, 47(8), 1664-1686.
https://doi.org/10.1108/K-10-2017-0392.

[9] Fadafan, F.K., Soffianian, A., Pourmanafi, S., Morgan, M., (2022). Assessing Ecotourism
in A Mountainous Landscape Using GIS-MCDA Approaches. Appl. Geogr., 147.
https://doi.org/10274310.1016/ j.apgeoq.2022.102743.

[10] Gebre, SL., Cattrysse, D., Alemayehu, E., Van Orshoven, J. (2021). Multi-criteria
Decision Making Methods to Address Rural Land Allocation Problems: A Systematic Review.
International Soil  And Water Conservation Research, 9(4), 490-501.
https://doi.org/10.1016/j.iswcr.2021.04.005.

[11] Gong, R., Xue, J., Zhao, L., Zolotova, O., Ji, X., Xu, Y. (2019). A Bibliometric Analysis
of Green Supply Chain Management Based on the Web of Science (WOS)
platform. Sustainability, 11(12), 3459. https://doi.org/10.3390/su11123459.

[12] Jeong, J.S., Garcia-Moruno, L., Hernandez-Blanco, J., Jaraiz-Cabanillas, F.J. (2014). An
Operational Method to Supporting Siting Decisions for Sustainable Rural Second Home
Planning in Ecotourism Sites. Land Use Policy, 41, 550-560.
https://doi.org/10.1016/j.landusepol.2014.04.012.

[13] Kolcha, T., Biazen, M., Girma, Z. (2025). Site Suitability Evaluation for Ecotourism Using
Geographic Information System (GIS) and Analytical Hierarchy Process (AHP) in Aroresa and
Chire Districts, Southern Ethiopia. Int J Geoherit Parks.,, 13(4), 601-15.
https://doi.org/10.1016/J.1JGEOP.2025.12.00.

[14] Kumari, S., Behera, M. D., & Tewari, H. R. (2010). Identification of potential ecotourism
sites in West District, Sikkim using geospatial tools. Tropical Ecology, 51(1), 75-85.
10.5555/20103030865.

[15] Lyu, P, Liu, X., Yao, T. (2026). A bibliometric analysis of literature on bibliometrics in
recent half-century. Journal of Information Science, 52(2): 324-344. https://doi.org/
https://doi.org/ 0.1177/ 01655515231191233.

[16] Mankelkelot, T.K., Ayele, NA, Ayele, M., Tenzer, R. (2026). Integrating GIS and AHP
for Sustainable Ecotourism Site Suitability Analysis: A Case Study of Bahir Dar, Ethiopia.
Scientific Reports, 16, 10261. https://doi.org/10.1038/s41598-026-41548-6.

[17] Mansour, S., Al-Awhadi, T., Al-Hatrushi, S. (2020). Geospatial Based Multi-Criteria
Analysis for Ecotourism Land Suitability Using GIS & AHP: A Case Study of Masirah Island,

95


https://doi.org/
https://doi.org/10.1108/K-10-2017-0392
https://doi.org/10.1016/j.iswcr.2021.04.005
https://doi.org/10.3390/su11123459
https://doi.org/10.1016/j.landusepol.2014.04.012
https://doi.org/10.1016/J.IJGEOP.2025.12.00
https://doi.org/
https://doi.org/%20%200
https://doi.org/10.1038/s41598-026-41548-6

AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

Oman. Journal of Ecotourism, 19(2), 148-167. https://doi.org/
10.1080/14724049.2019.1663202.

[18] Mobaraki O., Abdollahzadeh M., Kamelifar Z., (2014). Site Suitability Evaluation for
Ecotourism Using GIS and AHP: A Case Study of Isfahan Townships, Iran, Management
Science Letters. 4(8), 1893-1898, https://doi.org/ 10.5267/ j.msl.2014.6.038.

[18] Nahuelhual L., Carmona A., Lozada P., Jaramillo A., Aguayo M., (2013). Mapping
Recreation and Ecotourism As A Cultural Ecosystem Service: An Application at the Local
Level in Southern Chile, Applied Geography. 40, 71 82,
https://doi.org/10.1016/j.apgeog.2012.12.004, 2-s2.0-84875073021.

[19] Saaty, RW. (1987). The Analytic Hierarchy Process-What it is and How it is Used. Math
Model. 9(3-5), 161-76. https:// doi.org/10.1016/0270-0255(87)90473-8. 26.

[20] Saaty, TL. (1990). How to Make A Decision: The Analytic Hierarchy Process. Eur J
Oper Res., 48(1), 9-26. https://doi. org/10.1016/0377-2217(90)90057-1.

[21] Sahahiri, R.M., Alattas, A., Fallatah, A., Mandourah, A. (2026). Spatial Multi-Criteria
Evaluation of Ecotourism Route Suitability. Geographies, 6, 23.
https://doi.org/10.3390/geographies6010023.

[22] Sahani, N. (2020). Application of Analytical Hierarchy Process and GIS for Ecotourism
Potentiality Mapping in Kullu District, Himachal Pradesh, India. Environment Development
and Sustainability, 22(7), 6187-6211. https://doi.org/ 10.1007/s10668-019-00470-w.

[23] Salazar, M.F.B., Baraibar-Diez, E., Agudo, J.C., (2026). Exploring the Tourism
Sustainability Knowledge Network Through Bibliometric Analysis and a Computational
Literature Review. International Journal of Tourism Research, 28(3), e70365.
https://doi.org/10.1002/jtr.70365.

[24] Ullah, K.M., Hafiz, R., (2014). Finding Suitable Locations for Ecotourism Development
in Cox’s Bazar Using Geographical Information System and Analytical Hierarchy Process,
256-267. https:// doi.org/10.1080/ 10106049. 2012.760005.

[25] Wu X, Qiao S, Tan Q (2022) Destination Management for Ecotourism Activity Using
Analytical Hierarchy Process. Sci Program, 2022 (1), 4143060.
https://doi.org/10.1155/2022/4143060.

[26] Xiang, C., Qin, J.X., Yin, L. (2020). Study on the Rural Ecotourism Resource Evaluation
System. Environmental Technology & Innovation, 20, 101131.
https://doi.org/10.1016/j.eti.2020.101131.

[27] Yan, L., Zhiping, W. (2023). Mapping the Literature on Academic Publishing: A
Bibliometric  Analysis on WOS. SAGE Open. 13(1), 1-16. https://doi.org/
10.1177/21582440231158562.

[28] Zabihi, H., Alizadeh, M., Wolf, I.D., Karami, M., Ahmad, A., Alizadeh, H. (2020). A
GIS-based Fuzzy-Analytic Hierarchy Process (F-AHP) for Ecotourism Suitability Decision
Making: A Case Study of Babol in Iran. Tourism Management Perspectives. 36, 100726.
https://doi.org/10.1016/j.tmp.2020.100726.

96


https://doi.org/%2010.1080/14724049.2019.1663202
https://doi.org/%2010.1080/14724049.2019.1663202
https://doi.org/%2010.5267/%20j.msl.2014.6.038
https://doi.org/10.3390/geographies6010023
https://doi.org/10.1155/2022/4143060
https://doi.org/10.1016/j.eti.2020.101131
https://doi.org/

AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

SICAKLIK, HAVA KiRLIiLiGi VE RUH SAGLIGI: PSIKiYATRIK REFAHI
TEHDIT EDEN YENI CEVRESEL TEHDITLER

Doc. Dr. Cicek EDIZ

Cukurova Universitesi, E-mail: cicekediz@hotmail.com, ORCID ID: 0000-0002-9717-1839
Dog¢. Dr. Derya YANIK

Batman Universitesi, E-mail: d.oruclu@hotmail.com, ORCID ID: 0000-0001-8004-6786

OZET

Iklim degisikligi ve hava kirliligi, ruh sagligimin yeterince ele alinmamis belirleyicileri olarak
giderek daha fazla kabul gérmektedir. Kuresel sicakliklarin artmasi, sicak hava dalgalarinin
daha sik ve siddetli hale gelmesi ve partikiil ve gaz halindeki hava kirleticilerine kronik maruz
kalma, gesitli psikiyatrik sorunlarla iliskilendirilmektedir. Bu sorunlar arasinda major depresif
bozukluk, anksiyete bozukluklari, sizofreni spektrum bozukluklari, intihar diisiincesi ve intihar
vakalarmin yani1 sira mevceut psikiyatrik hastaliklarin alevlenmesi yer almaktadir. Bu derleme,
hava sicakligi ile hava kirliligini psikiyatrik morbiditeyle iliskilendiren giincel epidemiyolojik,
klinik ve kanitlar1 bir araya getirmektedir. Yiiksek sicakliklar ve sicak hava dalgalari, psikiyatri
servisine yatislarda, acil servise basvurularda ve intihar oranlarinda artisla iliskilendirilmistir.
Bu iliski belirli sicaklik esiklerinin ilizerinde yogunlagmaktadir. Hava kirleticileri 6zellikle ince
partikiil madde (PM2,5), azot dioksit (NO:) ve kiikiirt dioksit (SO2) sistemik inflamasyon,
oksidatif stres, noroinflamasyon ve kan-beyin bariyerinin bozulmasi gibi mekanizmalar yoluyla
depresyon, psikotik bozukluklar ve norobilissel gerileme ile iligskilendirilmistir. Cocuklar,
yaslhilar, onceden var olan psikiyatrik veya norobilissel bozukluklari olan bireyler ve
sosyoekonomik agidan dezavantajli gruplar, orantisiz bir sekilde etkilenmektedir. Hizla artan
kanit tabanina ragmen, metodolojik ve miidahale ¢aligmalarinin yetersizligi kesin sonuglara
varilmasint sinirlamaktadir. Bu bulgular dogrultusunda, ¢evresel maruziyetlerin psikiyatrik
etiyoloji ve klinik risk degerlendirmesine sistematik olarak entegre edilmesi ve iklim
degisikligine duyarli toplum ruh sagligi politikalarinin gelistirilmesi 6nemli bir gereklilik
olarak one ¢ikmaktadir.

Anahtar kelimeler: iklim degisikligi, hava sicakligi, hava kirliligi, ruh saghg, psikiyatri,
cevresel psikiyatri, intihar riski
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TEMPERATURE, AIR POLLUTION, AND MENTAL HEALTH: NEW
ENVIRONMENTAL THREATS TO PSYCHIATRIC WELL-BEING

ABSTRACT

Climate change and air pollution are increasingly recognized as under-addressed determinants
of mental health. Rising global temperatures, more frequent and severe heat waves, and chronic
exposure to particulate and gaseous air pollutants have been linked to various psychiatric
disorders. These issues include major depressive disorder, anxiety disorders, schizophrenia
spectrum disorders, suicidal ideation, and suicide, as well as the exacerbation of existing
psychiatric illnesses. This review synthesizes current epidemiological, clinical, and evidence-
based data linking air temperature and air pollution to psychiatric morbidity. High temperatures
and heat waves have been associated with increases in psychiatric hospitalizations, emergency
department visits, and suicide rates. This association is most pronounced above certain
temperature thresholds. Air pollutants—particularly fine particulate matter (PM2.5), nitrogen
dioxide (NO2), and sulfur dioxide (SO2)—have been linked to depression, psychotic disorders,
and neurocognitive decline through mechanisms such as systemic inflammation, oxidative
stress, neuroinflammation, and disruption of the blood-brain barrier. Children, the elderly,
individuals with pre-existing psychiatric or neurocognitive disorders, and socioeconomically
disadvantaged groups are disproportionately affected. Despite a rapidly growing body of
evidence, the lack of methodological and intervention studies limits the ability to draw
definitive conclusions. In light of these findings, the systematic integration of environmental
exposures into psychiatric etiology and clinical risk assessment, as well as the development of
climate-sensitive public mental health policies, emerge as critical necessities.

Keywords: Climate change, air temperature, air pollution, mental health, psychiatry,
environmental psychiatry, suicide risk

1. GIRiS

Son yirmi yilda kiiresel ruh saglig: yiikii artmaya devam etmektedir. Giderek artan aragtirmalar,
ozellikle hava sicaklig1 ve hava kirliligi gibi ¢evresel maruziyetleri bu yiikiin bagimsiz ve
degistirilebilir risk faktorleri olarak tanimlamaktadir. Tarihsel olarak, psikiyatrik epidemiyoloji
ruhsal hastaliklarin genetik, psikososyal ve sosyoekonomik belirleyicilerini vurgulamis, buna
karsin cevresel ve iklimsel faktorlere nispeten daha az ilgi gosterilmistir. Bu durum iginde
bulundugumuz iklim degisikligi ¢aginda hizla degismektedir. Kiiresel 1sinmayla baglantili
iklim kaynakli tehlikeler 1970’lerden bu yana belirgin sekilde yogunlasmistir ve hava kirliligi,
diinya ¢apinda hastalik yiikii agisindan 6nde gelen ¢evresel risk faktorlerinden biri olmaya
baslamistir (Cuijpers ve ark., 2023; Radua ve ark., 2024). Her iki maruziyet de birbiriyle ortiisen
biyolojik yolaklar iizerinde etki gostermekte ve halihazirda yapisal olarak dezavantajli durumda
olan niifus gruplarini orantisiz bir sekilde etkilemektedir (Tota ve ark., 2024)

Bu derlemenin amaci, hava sicaklig1 ve hava kirliligi ile psikiyatrik sonuglar arasindaki
iliskilere iliskin mevcut kanitlar1 gozden gegirmek ve sentezlemektir. Ayrica, yiiksek riskli
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gruplar1 belirleyerek, elde edilen kanitlarin klinik psikiyatri, ruh sagligi hizmetlerinin
planlanmasi ve gevre politikalari agisindan etkilerini degerlendirmeyi amaglamaktadir.

2. HAVA SICAKLIGI VE PSiKiYATRIK SONUCLAR

Yiikselen hava sicakligr ile sicaklik degiskenliginin ruh sagligi sonuglarinin kotiilesmesiyle
baglantili oldugunu gosteren 6nemli ve giderek artan bir kanit literatiirii bulunmaktadir (Xue ve
ark., 2019; Thompson ve ark., 2023). Sistematik incelemeler ve meta-analizler, ortalama
sicakliktaki artislarin ve sicaklik degiskenliginin artmasinin, daha yiiksek intihar ve intihar
davranis1 oranlari, ruhsal hastaliklar nedeniyle hastaneye basvuru ve yatis sayilarinda artis ve
toplum refahinda daha genis ¢aplh diisiislerle iliskili oldugunu ortaya koymaktadir (Thompson
ve ark., 2023). Bu iliskiler, birgok cografi ve iklimsel ortamlarda gézlemlenmistir. Bu da s6z
konusu iligkinin sadece belirli bir niifus veya bdolgeye oOzgii bir durum olmadigini
gostermektedir (Xue ve ark., 2019). ABD’de 2,2 milyondan fazla yetigskin ve yaklasik 3,5
milyon acil servis basvurusunun incelendigi genis 6lgekli bir ¢calismada, asir1 sicak giinlerin
herhangi bir ruhsal bozukluk nedeniyle acil servis bagvurularinda %8 artigla iliskili oldugu;
benzer artislarin madde kullanim bozukluklari, anksiyete ve stresle iliskili bozukluklar,
duygudurum bozukluklari, sizofreni spektrumu bozukluklar1 ve kendine zarar verme ile iliskili
bozukluklarda da gortildiigi bildirilmistir (Nori-Sarma ve ark., 2022). 144 ¢aligmay1 kapsayan
sistematik derleme ve meta-analizde, sicak hava dalgalarinin psikiyatrik nedenlerle hastaneye
basvuru veya yatig insidansinda %9,7 artisla iligkili oldugu bulunmustur (Thompson ve ark.,
2023).

Tiirkiye’de sicaklik ve saglik arasindaki iligskiye yonelik aragtirmalar son yillarda
artmakla birlikte, ruh sagligina iligkin kanitlar halen sinirhidir. Tiirkiye genelinde 2007-2022
yillarindaki intiharlarin incelendigi yakin tarihli bir caligmada, ortam sicakligi ve mevsimsel
sicaklik farkliliklarinin bazi yas gruplari ve intihar yontemleriyle iligkili oldugu bildirilmistir
(Demir ve ark., 2026). Psikiyatrik yatislar1 dogrudan degerlendiren Yazla ve arkadaslar1 (2026),
Corum’da bipolar bozukluk ataklar1 nedeniyle gerceklesen psikiyatri servisi yatiglarinin Nisan-
Kasim aylar1 arasinda arttigini ve yatiglarin daha fazla oldugu aylarda ortalama sicaklik, riizgar
hiz1 ve giineslenme siiresinin daha yiiksek oldugunu gostermistir. Ortalama sicaklik, bipolar
bozukluk nedeniyle yatis sikligin1 ayirt eden anlamli bir degisken olarak belirlenmistir (Yazla
ve ark., 2026).

Sicak hava dalgalari, 6zellikle akut bir risk donemi olarak gériinmektedir. Bir¢ok ¢alisma, asir1
sicak donemlerinde psikiyatri acil servis basvurularinda ve hastaneye yatislarda olgiilebilir
artiglar oldugunu bildirmektedir (Thompson ve ark., 2018; Cianconi ve ark., 2020; Thompson
ve ark., 2023). Bu iliski genellikle dogrusal olmayan bir sekilde tanimlanmaktadir: risk, tiim
sicaklik aralig1 boyunca istikrarli bir sekilde artmak yerine, sicakliklar belirli esikleri astiginda
orantisiz bir sekilde artmaktadir (Thompson ve ark., 2018). Ulkeler aras1 analizler de benzer
sekilde, bu esiklerin iizerinde ruh saghig: ile ilgili morbidite insidansinin keskin bir sekilde
hizlandigini ortaya koymustur (Thompson ve ark., 2023). Akut sicaklik olaylarmin 6tesinde,
uzun siireli kuraklik ve olagandis1 derecede diisiik veya yliksek sicakliklarin uzun siire devam
etmesi gibi kronik veya yavas baslangiclh iklimsel stres faktorleri de duyarli bireylerde bazen
literatiirde “meteoropati” veya artmis meteorosensitivite olarak tanimlanan bir fenomen olan
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ruh hali bozuklugu, sinirlilik ve artmis anksiyete gibi olumsuz psikolojik sonugclarla
iligkilendirilmistir (Cianconi ve ark., 2020).

Intihar riski, ciddiyeti ve halk saghig1 acisindan 6nemi nedeniyle 6zellikle vurgulanmayi
hak etmektedir. Cok sayida sistematik derleme, artan hava sicakligi ve bazi analizlerde daha
uzun giines 15181 siiresi ile intihar riski arasinda pozitif bir iligki oldugunu bildirmektedir. Bu
iliski, tiim ¢alismalarda olmasa da bir¢ogunda mevsimsel ve uzun vadeli egilimler i¢in diizeltme
yapildiktan sonra da devam etmektedir (Gao ve ark., 2019; Heo ve ark., 2021). Bir biitlin olarak
degerlendirildiginde, bu kanitlar hava sicakligini1 6nemsiz bir ¢evresel rahatsizlik olarak degil,
psikiyatrinin en ciddi sonuglarindan bazilar1 i¢in 6l¢iilebilir ve degistirilebilir bir risk faktori
olarak konumlandirmaktadir (Thompson ve ark., 2023).

3. HAVA KiRLILiGi VE PSiKiYATRiK SONUCLAR

Hava kirliligi, uzun siiredir solunum ve kardiyovaskiiler hastaliklarin baslica nedenlerinden biri
olarak kabul edilmektedir. Ancak ruh sagligiyla olan iliskisi, son zamanlarda ciddi bilimsel ilgi
gormeye baslamistir. Amerika Birlesik Devletleri ve Danimarka’da yiiriitiilen genis capli niifus
temelli calismalar, yliksek diizeyde hava kirliligine maruz kalmanin, depresyon, sizofreni,
bipolar bozukluk ve kisilik bozuklugu dahil olmak {izere bir dizi psikiyatrik bozuklugun risk
artisiyla anlamli bir sekilde iliskili oldugunu ortaya koymaktadir (Batool ve ark., 2025). Ince
partikil madde (PM2,5), kaba partikil madde (PM10), azot dioksit (NO2), kikirt dioksit (SO2)
ve karbon monoksit (CO) bu durumla iliskilendirilmistir. Incelenen literatiirde PM2,5, NO2 ve
SO2’nin anksiyete, psikotik belirtiler ve depresif belirtilerin alevlenmesiyle iliskili oldugu
goriilmiistiir (Cuijpers ve ark., 2023; Tota ve ark., 2024).

Beyin gelisiminin kritik donemlerinin, havadaki toksik maddelere kars1 artan fizyolojik
duyarhilikla cakistigi g6z oniline alindiginda, ¢ocuklar ve ergenler 6zellikle savunmasiz bir
grubu olusturuyor gibi goriinmektedir (Batool ve ark., 2025). Pediatrik popiilasyonlara
odaklanan derlemeler, hava kirliligine maruz kalma ile depresif belirtiler ve intihar davraniglar
riskindeki artig arasinda bir iligki oldugunu (Batool ve ark., 2025) ve ayrica ortamdaki kirletici
konsantrasyonlarindaki kisa vadeli artislari, cocuk ve ergenlerde ruh sagligi sikayetleri
nedeniyle acil servise basvurularin 6l¢iilebilir bir artisla iliskilendiren zaman serisi kanitlarini
rapor etmektedir (Wang ve ark, 2007). Noro-goriintilleme g¢alismalari bu epidemiyolojik
bulgular1 desteklemekte ve hava kirliligine maruz kalma ile iligkili yapisal ve islevsel beyin
degisikliklerini, 6zellikle de duygusal diizenleme, hafiza ve yiiriitiicii islevlerin merkezinde yer
alan hipokampus, amigdala ve prefrontal korteks bolgelerinde bildirmektedir (Batool ve ark.,
2025). Bu beyin bolgelerini inceleyen yiizden fazla ¢alismanin yer aldig1 yakin tarihli bir
derlemede, ¢aligmalarin gogunun hem insan hem de hayvan modellerinde, daha yiiksek kirletici
konsantrasyonlarina maruz kalmanin ardindan artmis ruh sagligi belirtileri veya degismis
duygusal davraniglar bildirdigi saptanmistir (Batool ve ark., 2025).

Duygudurum ve psikotik bozukluklarin 6tesinde, hava kirliligi ayn1 zamanda demans
ve Alzheimer hastaligi riskinde artis, genel olarak psikolojik sikinti ve algilanan stresin artmast
ve akut kirlilik zirveleri sirasinda 6nceden ciddi ruhsal hastaligi olan bireylerde kisa vadeli 61iim
riskinin artmasiyla da iliskilendirilmistir (Batool ve ark., 2025). Genel olarak bakildiginda, bu
bulgular hava kirliliginin psikiyatrik etkilerinin, dogum 6ncesi ve erken cocukluk dénemindeki
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noro-gelisimden yetiskinlikteki duygudurum ve psikotik bozukluklara, hatta yasamin son
donemlerindeki norobiligsel gerilemeye kadar yasamin tiim asamalarmi kapsadigini
gostermektedir (Radua ve ark., 2024; Batool ve ark., 2025).

4. RISK ALTINDAKI GRUPLAR

Sicaklik ve hava kirliliginin psikiyatrik etkileri, niifus genelinde esit bir sekilde
dagilmamaktadir. Yashilar, 6zellikle de ciddi norobiligsel bozukluklar1 veya 6nceden var olan
psikiyatrik hastaliklar1 olanlar, yiiksek sicakliklara ve artmis hava kirliligine maruz kaldiktan
sonra psikiyatri hastanelerine yatis riskinde 6nemli 6l¢iide artisla kars1 karsiya kalmaktadir. Bu
durum, yasa bagh termoregiilasyon kapasitesindeki azalma, ¢oklu ila¢ kullanimi1 ve fizyolojik
dayanikliligin azalmasini yansitiyor olabilir (Mehta ve ark., 2024). Cocuklar ve ergenler, devam
eden norogelisim, viicut agirligr birimi bagina daha yiliksek goreceli solunum maruziyeti ve
maruziyetten kaginmaya yonelik sinirlt davranigsal kapasite nedeniyle ikinci bir yiiksek risk
grubunu olusturmaktadir (Wang ve ark, 2007; Batool ve ark., 2025).

Onceden ciddi ruhsal hastaligi olan bireyler, hem psikotrop ilaglarin 1s1 diizenlemesini
bozabilmesi hem de kirlilik zirvelerine akut maruz kalmanin bu popiilasyonda kisa vadeli 6liim
oraninin artmasiyla iligkilendirilmesi nedeniyle iigiincii bir savunmasiz grubu olusturmaktadir
(Mehta ve ark., 2024; Batool ve ark., 2025). Son olarak, sosyoekonomik agidan dezavantajli
topluluklar, yetersiz konut yalitimi, sogutma imkanlarma sinirli erisim ve kentsel 1s1 adasi
etkileri gibi faktorler nedeniyle asir1 sicaga ve genellikle endiistriyel veya yogun trafikli
bolgelere yakin olmalarinin bir sonucu olarak hava kirliligine orantisiz bir sekilde yiiksek
diizeyde maruz kalmaktadir. Bu durum, mevcut saglik esitsizliklerini daha da agirlastirmaktadir
(Cuijpers ve ark., 2023; Fenton ve ark., 2025). Bu nedenle, ruh sagligina yonelik bu ¢evresel
tehditlerin ele alinmasi, sagligin sosyal ve ekonomik belirleyicilerini ele almaya yonelik daha
genis kapsamli ¢abalardan ayr1 diigiiniilemez (Fenton ve ark., 2025).

5. KLINIK UYGULAMA VE TOPLUM RUH SAGLIGI POLITiKASI ACISINDAN
SONUCLAR

Yukarida 6zetlenen kanitlar, psikiyatri uygulamalar1 ve halk saglig1 politikasi agisindan cesitli
sonuclar dogurmaktadir. Klinik acidan, psikiyatri hemsireleri ve diger ruh sagligi uzmanlari,
savunmasiz hastalarin risk degerlendirmelerinde yerel sicaklik ve hava kalitesi kosullarini
dikkate almalidir. Ozellikle sicak hava dalgalar1 ve yogun hava kirliligi dénemlerinde, bilissel
bozuklugu olan yash yetiskinler ve siddetli ruhsal hastaligi olan bireyler daha yakindan
izlenmelidir. Bu donemlerde yiiksek riskli hastalarla proaktif iletisim kurulmasi da yararl
olabilir.

Sistem diizeyinde ise, ruh saglig1 hizmetleri, asir1 hava olaylar1 sirasinda psikiyatrik acil
servislerin kapasite artirrmi konusuna dikkat edilerek, iklim ve ¢evre sagligi acil durum hazirlik
planlamasina entegre edilmelidir (Mehta ve ark., 2024). Politika diizeyinde, kanita dayali
bulgular, hava kalitesi diizenlemelerine ve kentsel 1s1 etkisinin azaltilmasina (6rnegin, yesil
alanlarin genisletilmesi, bina tasariminin iyilestirilmesi ve sogutma altyapisina esit erigim)
yonelik yatirimlarin, yalnizca solunum veya kardiyovaskiiler hastaliklar1 hedefleyen onlemler
olarak degil, basli basina birer toplumm ruh sagligi miidahalesi olarak sdrdirilmesini
desteklemektedir (Cuijpers ve ark., 2023; Fenton ve ark., 2025). Bireysel klinik tedavilerin yani
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sira, sosyal baglar1 ve psikososyal destegi giiclendiren toplum temelli ve onleyici yaklagimlar
da onem tasimaktadir. Bu yaklagimlar, iklimle iligkili ruh sagligi risklerinin yonetiminde
yalnizca bireysel ve hastalik odakli modellere kiyasla daha kapsamli bir ¢erceve sunmaktadir
(Cianconi ve ark., 2020).

6. SONUC VE ONERILER

Sicaklik ve hava kirliligi, depresyon, anksiyete, psikotik bozukluklar, intihar davranisi ve
norobilissel gerileme gibi durumlarla baglantilar1 olan, psikiyatrik sagliga yonelik dlgiilebilir
ve degistirilebilir tehditler olarak ortaya ¢ikmaktadir (Thompson ve ark., 2023; Cuijpers ve ark.,
2023; Radua ve ark., 2024; Batool ve ark., 2025). Onerilen mekanizmalar arasinda
néroinflamasyon, oksidatif stres, kan-beyin bariyerinin bozulmasi, epigenetik diizensizlik,
uyku bozukluklar1 ve termoregiilasyon bozukluklar1 yer almaktadir. Bu mekanizmalar, ¢cevresel
maruziyetler ile psikiyatrik sonuglar arasindaki iligki i¢in biyolojik bir temel sunmaktadir (Tota
ve ark., 2024). Buna karsin cocuklar, yasllar, dnceden psikiyatrik hastalig1 olan bireyler ve
sosyoekonomik agidan dezavantajli gruplar, bu riskin orantisiz bir kismini tstlenmektedir
(Wang ve ark, 2007; Batool ve ark., 2025; Mehta ve ark., 2024). iklim degisikligi asir1 sicak
olaylarinin sikligin1 ve siddetini artirmaya devam ederken ve hava kirliligi kalic1 bir kiiresel
saglik tehlikesi olmaya devam ederken, psikiyatri, gevresel maruziyetleri etiyolojik modellerin,
klinik risk degerlendirmesinin ve toplum ruh sagligi planlamasinin kenarindan merkezine
tasimalidir (Fenton ve ark., 2025). Gelecekteki arastirmalar, psikiyatrik bakim ve halk sagligi
politikalariin bu genisleyen ve giderek daha acil hale gelen kanit tabanina orantili bir sekilde
yanit verebilmesi i¢in, uzunlamasina ve yar1 deneysel tasarimlara, birey diizeyinde maruz kalma
degerlendirmesine ve uyum ve miidahale stratejilerinin degerlendirilmesine dncelik vermelidir
(Radua ve ark., 2024)
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OZET

Iklim krizi siddetlendikge, ¢evresel bozulmaya yénelik olumsuz duygusal tepkiler de giderek
daha fazla ilgi ¢ekmeye baslamistir. Bu konuda arastirma literatiiriinde ve kamuoyundaki
tartigmalarda kaygi ve keder daha ¢ok on plana ¢ikmaktadir. Bu derleme ise, nispeten ihmal
edilmis bir duygu olan ‘“eko-ofke”ye odaklanmaktadir. Eko-0fke, genel olarak cevresel
zarardan sorumlu oldugu disiiniilen bireylere, kurumlara veya sistemlere yonelik hayal
kiriklig1, kizginlik veya ahlaki 6fke olarak tanimlanmaktadir. Birlesen kanitlar, ekolojik 6fkenin
ekolojik sikintinin uyumsuz bir yan {iriinii olarak islev gérmekten ziyade, daha iyi bilinen
muadillerine kiyasla kendine 6zgii ve birgok acidan daha islevsel bir psikolojik nis isgal ettigini
gostermektedir. Ekolojik kaygi ve ekolojik iiziintiiden farkli olarak, ekolojik 6fkenin zaman
icinde ¢evre dostu davranislara katilim1 giivenilir bir sekilde ongdrdiigii gosterilmistir ve gesitli
niifus caligmalarinda ruh sagligi sonuglariyla daha olumsuz degil, daha olumlu bir korelasyon
sergilemektedir. Bu derlemede, genis Olgekli kesitsel arastirmalar, uzunlamasina deneyim
ornekleme calismalar1 ve Olcek gelistirme arastirmalarindan elde edilen gilincel kanitlar
dogrultusunda eko-6fkenin yaygiligi, yoneldigi hedefler, psikolojik ve davranissal islevleri ile
degerlendirilme bicimleri ele alinmaktadir. Eko-6fke, iklim degisikligiyle iliskili duygularin
daha genis kavramsal ¢ergevesi i¢inde degerlendirilerek klinik uygulamalar, sosyal hizmetler
ve halk ruh saglig iletisimi agisindan olas1 yansimalar1 tartisilmaktadir. Mevcut kanitlar, eko-
ofkenin diger iklim duygulariyla iligkili olmakla birlikte kavramsal ve islevsel agidan ayirt
edilebilir bir duygusal tepki olarak ele alinmasinin 6nemine isaret etmektedir. Bununla birlikte,
mevcut dl¢lim araglariin eko-6fkenin ¢ok boyutlu yapisini yeterince temsil edip etmedigi
belirsizligini korumaktadir. Bu nedenle, eko-6fkenin kavramsal sinirlarinin netlestirilmest,
psikometrik acidan giiclii degerlendirme araglarinin gelistirilmesi ve ruh sagligi ile ¢evre yanlisi
davraniglar tizerindeki roliiniin incelenmesi gelecekteki arastirmalar i¢in 6nemli onceliklerdir.

Anahtar kelimeler: Eko-6fke, iklim duygulari, eko-kaygi, ¢evre dostu davranig, c¢evresel
bozulma, psikolojik iyilik hali
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ECO-ANGER IN THE CLIMATE CRISIS: UNDERSTANDING AN EMOTIONAL
RESPONSE TO ENVIRONMENTAL DEGRADATION

ABSTRACT

As the climate crisis intensifies, negative emotional responses to environmental degradation
have begun to attract increasing attention. In the research literature and public discourse on this
topic, anxiety and grief have come to the forefront. This review, however, focuses on “eco-
anger,” arelatively neglected emotion. Eco-anger is generally defined as disappointment, anger,
or moral outrage directed at individuals, institutions, or systems perceived to be responsible for
environmental harm. Converging evidence suggests that rather than functioning as a mere
byproduct of ecological distress, eco-anger occupies a distinct and, in many respects, more
functional psychological niche compared to its better-known counterparts. Unlike ecological
anxiety and ecological grief, ecological anger has been shown to reliably predict participation
in environmentally friendly behaviors over time and exhibits a more positive rather than
negative correlation with mental health outcomes in various population studies. In this review,
the prevalence, targets, psychological and behavioral functions, and methods of assessment of
eco-anger are examined in light of current evidence derived from large-scale cross-sectional
studies, longitudinal experiential sampling studies, and scale development research. Eco-anger
is evaluated within the broader conceptual framework of emotions related to climate change,
and its potential implications for clinical practice, social services, and public mental health
communication are discussed. Current evidence points to the importance of treating eco-anger
as a conceptually and functionally distinct emotional response, despite its association with other
climate-related emotions. However, it remains unclear whether current measurement tools
adequately capture the multidimensional nature of eco-anger. Therefore, clarifying the
conceptual boundaries of eco-anger, developing psychometrically robust assessment tools, and
examining its role in mental health and pro-environmental behaviors are key priorities for future
research.

Keywords: Eco-anger, climate emotions, eco-anxiety, eco-friendly behavior, environmental
degradation, psychological well-being

1. GIRiS

Son on yilda, iklim krizinin psikolojik etkileri akademik ve kamuoyunun ilgisinin kenarindan
merkezine dogru kaymistir (Cianconi ve Janiri, 2020; Hepp ve ark., 2023). Bu ilginin buytk bir
kismi, anlagilir bir sekilde, ekolojik tehdide tepki olarak ortaya ¢ikan endise, takintili diisiinme
ve davranig bozukluklarini tanimlamak i¢in giinlimiizde yaygin olarak kullanilan “eko-kayg1”
kavrami iizerinde yogunlagmistir (Clayton, 2020). Bununla birlikte, giderek artan sayida
arastirmaci, iklimle ilgili sikintiy1 tek ve ayristirilmamais bir kavram olarak ele almanin, ortaya
koydugundan ¢ok daha fazlasimi gizledigini savunmaya baslamistir. Pihkala (2022), kaygi,
keder, sugluluk, umut ve 6fkeyi birbirinden ayiran bir iklim duygular siniflandirmasi 6nermis
ve her birinin degerlendirme, motivasyon ve davranigla farkli bir iliski i¢inde oldugunu
savunmustur. Ozellikle 6fke, sosyal psikoloji arastirmalarinda harekete gegirici bir duygu
olarak uzun bir gegmise sahiptir. Genellikle, tanimlanabilir ve suglanabilir bir aktoriin adaletsiz
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bir durum yaratmis oldugu algisi tarafindan tetiklenir ve 6fkeli kisiyi kaginma yerine diizeltici
eyleme yoneltme egilimindedir (Gregersen ve ark., 2023).

Cevre alanina uygulandiginda, bu duygu “eko-6fke” olarak adlandirilmaya baslanmistir.
Cevrenin bozulmasindan sorumlu goriilenlere hiikiimetlere, sirketlere, iklim degisikligi
inkarcilarina veya genel olarak insanliga yonelik bir hayal kiriklig1, 6fke veya ahlaki kizginlik
halidir (Hogg ve ark., 2021; Gregersen ve ark., 2023). Sezgisel olarak makul olmasina ve
cagdas iklim aktivizminin sdylemlerinde 6ne ¢ikmasina ragmen, eko-6fke, eko-kaygiya kiyasla
belirgin sekilde daha az ampirik ilgi gormiistiir ve mevcut degerlendirme araglar1 tarafindan
yeterince ele alinmamaktadir (Stanley ve ark, 2021). Bu derleme, ekolojik 6fkeyle ilgili hala
gelismekte olan kanit tabanini pekistirmeyi amacglamakta ve oOzellikle su ii¢ soruya
odaklanmaktadir: Bu duygu ne kadar yaygindir ve kime yoneliktir? Diger iklim duygularina
kiyasla davranigsal ve psikolojik sonuglarla nasil bir iligkisi vardir ve su anda ne kadar iyi
Ol¢iilmektedir? Son olarak, bu kanitlarin klinik, sosyal hizmet ve halk sagligi uygulamalar
acisindan ne anlama geldigi ele alinacaktir.

2. AYRI BiR DUYGUSAL YAPI OLARAK EKO-OFKE

Eko-kaygi, genel olarak mevcut ve gelecekteki gevresel tehditlere iliskin ongoriilii bir endise
ve sikinti olarak anlasilir (Marczak ve ark., 2023; Ediz ve Yanik, 2023). Bu durum, duygusal
belirtiler, tekrarlayan diislinceler ve kisinin ¢evresel zarara yaptigi kisisel katkiya dair endise
ile karakterize edilir (Hogg ve ark., 2021). Buna karsilik, ekolojik 6fke disa yoneliktir. Belirsiz
bir gelecege dair yaygin bir kaygidan ziyade, ¢evresel zarardan veya eylemsizlikten sorumlu
oldugu algilanan belirli aktorlere yonelik hayal kirikligin1 yansitir (Hogg ve ark., 2021). Bu
ayrim sadece anlamsal degildir. Duygularin degerlendirme teorilerine gore 6fke ve kaygi, tehdit
edici durumlarm farkli bigimlerde algilanmasindan kaynaklanir. Ofke, genellikle haksiz,
sorumlusu belirlenebilir ve degistirilebilir bir durum algisiyla ortaya ¢ikarken; kaygi, belirsiz
ve kontrol edilmesi gii¢ bir tehdit algisiyla iligkilidir (Contreras ve ark., 2024). Bu farklilik
davraniglara da yansir: 6fke yaklasma ve yiizlesme egilimini, kaygi ise kaginma veya tehdide
kars1 tetikte olma egilimini artirabilir.

Iklim duygularina iliskin ampirik calismalar da bu teorik ayrmmi desteklemektedir.
Contreras (2024), genel niifustan katilimcilarla yiriittiikleri 60 giinliik giinliikk ¢alismasinda
eko-kaygi, eko-6fke ve eko-iiziintiinlin zaman igindeki degisimini ve bunlarin iklim
degisikligiyle iligkili olmayan genel duygusal karsiliklariyla iliskisini incelemistir. Bulgular,
eko-duygularin genel duygusal karsiliklaryla yakindan iligkili olmakla birlikte onlardan ayirt
edilebilir yapilar oldugunu gostermistir. Bu sonug, eko-6fkenin giindelik 6fkenin yalnizca
cevresel sorunlara yonelmis bir bi¢imi degil, kendine 6zgii bir duygusal tepki olarak ele
alinabilecegini desteklemektedir. Ayrica incelenen ii¢ eko-duygu arasinda yalnizca eko-
ofkenin, zaman i¢inde ¢evre yanlisi niyet ve davranislart yordadig belirlenmistir.

3. EKO-OFKENIN YAYGINLIGI VE OFKENIN YONELDIGi KAYNAKLAR

Eko-6fkenin toplumdaki yayginligina iliskin veriler, eko-kaygiya kiyasla heniiz smirhdir.
Bununla birlikte, mevcut ¢aligsmalar eko-6fkenin azimsanmayacak 6l¢iide yaygin bir duygusal
tepki oldugunu gostermektedir. Stanley (2025) tarafindan Avustralya’da 5.244 katilimciyla
yiiriitiilen genis 6lgekli bir arastirmada, katilimcilarin %48,6’s1 iklim degisikligi konusunda en
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azindan “biraz” 6fkeli oldugunu bildirmistir. Arastirmada ayrica katilimcilarin kime veya neye
ofke duyduklari incelenmis ve eko-6fkenin yoneldigi 13 farkli kaynak belirlenmistir (Stanley
ve ark, 2025).

En yaygin ofke kaynagi, hiikiimetlerin, isletmelerin ve toplumun iklim degisikligi
karsisindaki eylemsizligi ve ilgisizligi olmustur. Ofke bildiren katilimcilarin yaklasik %60°1 bu
durumu ofkelerinin kaynagi olarak belirtmistir. Bunu iklim degisikligini inkar edenlere ve
bliyiik sirketler gibi ¢evresel zarardan sorumlu goriilen aktorlere yonelik 6fke izlemistir.
Katilimcilar ayrica genel olarak insanliga ve belirli siyasi veya ulusal aktorlere kars1 da 6fke
bildirmistir. Bu bulgular, eko-6fkenin yalnizca g¢evresel bozulmanin kendisine degil, bu
bozulmadan sorumlu tutulan ya da ¢6ziim iiretmekte yetersiz kaldig1 diisiiniilen kisi, kurum ve
yapilara da yoneldigini gostermektedir (Stanley ve ark, 2025).

Eko-6fkenin yoneldigi kaynak, bu duygunun psikolojik ve davranigsal sonuglari
acisindan da énemli gériinmektedir. Ozellikle iklim degisikligi karsisindaki eylemsizlik ve
ilgisizlige yonelik 6fke, daha fazla ¢evre yanlis1 davranisla iligkili olmakla birlikte daha yiiksek
psikolojik sikintiyla da baglantili bulunmustur. Bu durum, eko-0fkenin bir yandan bireyi
harekete gecirebilirken diger yandan psikolojik bir yiik olusturabilecegini diistindiirmektedir.
Buna karsilik, biiytik kirleticiler veya iklim degisikligini inkar edenler gibi sorumlulugu daha
acik bicimde tanimlanabilen aktorlere yonelik 6fkenin, eyleme gecme motivasyonuyla daha
dogrudan iliskili olabilecegi goriilmektedir (Stanley ve ark, 2025).

Dolayistyla eko-ofkenin tek ve homojen bir duygu olarak degerlendirilmesi yeterli
degildir. Ofkenin ne kadar yogun oldugunun yam sira kime veya neye ydneldiginin de
degerlendirilmesi, eko-6fkenin ruh sagligi ve cevre yanlisi davranislar tlizerindeki farkli
etkilerinin anlasilmasi agisindan 6nem tasimaktadir.

4. EKOLOJIK OFKENIN ISLEVSEL ILISKILERI: DAVRANIS VE REFAH

Son zamanlarda yapilan ekolojik duygu arastirmalarindan ortaya ¢ikan belki de en carpici
bulgu, ekolojik 6fkenin, ekolojik kaygi ve ekolojik iiziintiiden farkli olarak, defalarca daha
uyumsal sonugclarla iligkilendirilmis olmasidir. Yukarida agiklanan zamansal ag calismasinda
Contreras ve ark. (2024), incelenen {i¢ ekolojik duygudan sadece ekolojik 6fkenin, altmis
giinliik calisma siliresi boyunca sonraki cevre dostu niyet ve davranislart 6ngordiiglini
bulmustur. Buna karsilik, ekolojik kaygi ve ekolojik iiziintii, benzer siklikta yasanmasina
ragmen bu tiir bir ileriye doniik iligki gostermemistir. Bu asimetri, Hogg ve ark. (2021)
tarafindan daha Once yapilan kesitsel bulgular1 yansitmaktadir. Bu aragtirmacilar, ekolojik
ofkenin hem kisisel ¢gevre dostu davraniglara hem de kolektif iklim eylemine daha fazla katilimi
ongordiigiini bildirmislerdi (Hogg ve ark., 2021). Oysa ekolojik kaygi ve bununla iligkili bir
kavram olan ekolojik depresyon, daha diisiik refah diizeyiyle ve ekolojik kaygi durumunda
kolektif eyleme katilma istekliliginin azalmasiyla iliskilendirilmisti.

Bu sonuglar, ekolojik 6fkenin teorik degerlendirme yapisiyla tutarli olarak gevresel
tehdide kars1 uyumsal, yaklasma odakl1 bir tepki islevi gérdiigii bir tabloya isaret etmektedir.
Bu, ekolojik 6fkenin her durumda zararsiz oldugu anlamina gelmez. Genel eylemsizlige
odaklanan ofke, katilimi 6ngdérmesine ragmen artmis sikinti ile iliskilendirilmistir. Bu da
ekolojik ofke ile refah arasinda, hedefi ve yogunluguna goére degisen daha karmasik,
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muhtemelen ¢ift yonlii bir iliski oldugunu diistindiirmektedir. Bununla birlikte, bugiine kadarki
kanitlar bir biitiin olarak degerlendirildiginde, ekolojik 6fkenin, ekolojik kaygi ve ekolojik
keder ile tek bir “iklim sikintis1” semsiyesi altinda ayrim gozetmeksizin gruplandirilmamasi
gerektigi ortaya ¢ikmaktadir. Cilinkii boyle bir yaklagim, iklim kriziyle miicadeleye yonelik
gercek anlamda farkli ve nispeten yapici bir duygusal yolu g6z ardi edecektir.

5. OLCUM ZORLUKLARI

Eko-6fkenin g¢evre yanlist davranislarla iliskisine dair artan kanitlara ragmen, bu duygunun
olcimi eko-kaygiya kiyasla daha smirli kalmaktadir. Iklimle iliskili psikolojik tepkilerin
degerlendirilmesinde yaygin olarak kullanilan Hogg Eko-Kaygi Olgegi, duygusal belirtiler,
ruminasyon, davranigsal belirtiler ve kisinin kendi ¢evresel etkisine iligkin kaygi olmak {izere
dort boyut Uzerinden eko-kaygiyr degerlendirmek amaciyla gelistirilmistir (Hogg ve ark.,
2021). Bu nedenle olgek, eko-ofkeyi ayri ve Ozgiil bir yapt olarak degerlendirmeyi
amaclamamaktadir.

Daha yakin donemde gelistirilen Olglim araglari ise iklim degisikligine yonelik
duygularin cesitliligini daha kapsamli bicimde ele almaya baslamistir. Bunlardan biri olan
Inventory of Climate Emotions (ICE), iklim degisikligine iligkin farkli duygusal tepkileri, 6fke
de dahil olmak iizere ¢cok boyutlu bir yap1 icerisinde degerlendirmektedir. Wullenkord ve ark.
(2024), ICE’nin Norveg ve Irlanda drneklemlerindeki psikometrik ézelliklerini inceleyerek
iklimle iligkili duygularin birbirinden ayirt edilebilir yapilar olarak degerlendirilebilecegine
iligkin kanit sunmustur. Bununla birlikte, ICE nin amaci eko-6fkeyi kendi i¢inde ayrintili ve
¢cok boyutlu bir yap1 olarak degerlendirmekten ziyade farkli iklim duygularini birlikte
olcmektir.

Dolayisiyla mevcut araglar eko-ofkenin degerlendirilmesine katki saglasa da bu
duygunun yogunlugunu, yoneldigi kisi veya kurumlari, algilanan sorumluluk ve adaletsizlik
kaynaklarint ve davranigsal sonuglarmi birlikte degerlendirebilecek 6zgiil bir olglim
yaklagimina halen ihtiya¢ bulunmaktadir. Nitekim genis 6lgekli arastirmalarin bir bliimiinde
eko-6fke, katilimcilara iklim degisikligi konusunda ne olgiide 6fkeli olduklarini soran tek
maddelik veya arastirmaya 6zgii 6l¢timlerle degerlendirilmektedir. Bu durum, eko-6fkenin ¢ok
boyutlu yapisinin ortaya konmasini ve calismalar arasinda karsilastirilabilir sonuglar elde
edilmesini giliclestirmektedir. Eko-6fkeye 6zgii, psikometrik acidan giiclii ve kiiltiirlerarasi
gegerliligi gosterilmis Ol¢im araglarinin  gelistirilmesi bu nedenle O6nemli bir arastirma
gereksinimidir.

6. SAVUNMASIZ VE YETERINCE iINCELENMEMIS NUFUS GRUPLARI

Cocuklar ve ergenler, 6zel bir endise kaynagi olan ve kanit agisindan belirgin bosluklarin
bulundugu bir niifus grubunu olusturmaktadir. On iilkede 16 ila 25 yas aras1 genglerle yapilan
kiiresel bir ankette Hickman ve ark. (2021), katilimecilarin biiyiik cogunlugunun iklim
degisikligi konusunda endiseli oldugunu ve birgogunun, hiikiimetlerin harekete gegmemesine
yonelik 6fke, sugluluk ve ihanet hissi dahil olmak iizere, bu konuyla iliskili ¢ok ¢esitli duygular
yasadigini ortaya koymustur. Léger-Goodes ve ark. (2022) tarafindan pediatrik eko-kaygi
literatiiriine yonelik yapilan bir kapsamli inceleme de benzer sekilde, cocuklarda ve genglerde
belgelenen duygusal tepkiler arasinda 6fkenin, iliziintii, korku ve depresyonun yani sira yer
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aldigini1 ortaya koydu. Ancak mevcut ¢alismalarin ¢ogunun bu duygulari betimleyici bir sekilde
ele aldigini, 6fkeyi ise kendine 6zgli gelisimsel seyri ve iligkili faktorleri olan analitik olarak
ayr1 bir yapi olarak incelemedigini belirtti. Eko-6fkenin yetiskin popiilasyonlarda uyumsal bir
islev gorebilecegine dair kanitlar gz oniine alindiginda, gelecekteki arastirmalar igin acil bir
soru, dogrudan sivil veya siyasi eylem yollar1 genellikle daha kisitli olan ¢ocuklar ve ergenler
icin de ayn1 durumun gecerli olup olmadigidir.

Ikinci bir yeterince arastirlmamis boyut, psikolojinin &tesindeki mesleki ve
disiplinleraras1 bakis agilariyla ilgilidir. McCaffery ve Boetto (2025) tarafindan ekolojik
duygular tlizerine yapilan sosyal hizmet literatiiriine yonelik kapsam belirleyici bir derleme, bu
meslekte iklimle ilgili duygularla somut bir sekilde ilgilenen ¢ok az sayida ¢aligma tespit
etmigstir. Bu ¢aligmalarda 6fke yerine kaygi, umut ve empatiye daha fazla 6nem verilmistir;
derleme ayrica, cevresel zarara orantisiz bir sekilde maruz kalan Yerli ve diger
marjinallestirilmis topluluklar i¢inde yasanan 6fke ve kederle ilgili ¢alismalarin neredeyse hig
bulunmadigini belirtmistir. Sosyal hizmet uygulamasi, sikintiya yonelik tepkilerde salt bireysel
olmaktan ziyade yapisal bir yaklasima yoneldigi 6l¢iide, bu durum 6nemli bir eksiklik teskil
etmektedir. Clinkl eko-6fke tam da algilanan yapisal adaletsizlige disa doniik olmasi nedeniyle
bireysel semptom yonetiminden ziyade, onu kolektif ve savunuculuk temelli tepkilere
yonlendiren bir sosyal hizmet ¢ercevesine dzellikle uygun olabilir.

7. KLINIK UYGULAMA VE TOPLUM RUH SAGLIGI ACISINDAN SONUCLAR

Burada incelenen kamitlar, birkag pratik sonu¢ dogurmaktadir. ilk olarak, iklim kriziyle ilgili
ofke ifade eden daniganlarla ¢alisan klinisyenler ve diger uygulayicilar, bu 6fkeyi refleks olarak
yonetilmesi veya azaltilmasi gereken bir semptom olarak ¢ergevelendirmekte dikkatli
olmalidir. Eko-kaygi ve eko-iiziintii, ice kapanma ve refahin azalmasiyla iliskili goriiniirken,
eko-ofke daha siklikla aktif katilimla bir arada goriilmekte ve hatta bunu tesvik etmektedir.
Bunu 6ncelikle bir sikint1 bi¢imi olarak ele almak, bir¢ok durumda gercek bir tehdide karsi
orantil1 ve potansiyel olarak yapici bir tepki olabilecek bir durumu patolojiklestirme riskini
dogurur (Clayton, 2020). Bunun yerine klinisyenler, danisanlarin bu ofkeyi kesfetmelerine
yardimc1 olmayr ve uygun durumlarda bu ofkeyi anlamli eylemlere yonlendirmelerini
degerlendirebilir. Ancak ayni zamanda, daha agir bir sikint1 yiikii tasidig1 goriilen ve daha
geleneksel destekleyici miidahaleleri gerektirebilecek vakalar alt kiimesine Ornegin,
genellestirilmis, daginik eylemsizlige odaklanmis 6fke dikkatlerini siirdirmelidirler.

Ikincisi, iklim degisikligi konusunda biiyiik dlgiide korku veya kaygiya dayali mesajlara
dayanan halk saglig1 ve bilimsel iletisim cabalari, davranissal a¢idan daha etkili bir duygusal
kaldirac1 kullanma firsatin1 kagirtyor olabilir. Eger eko-0fke, eko-kayginin yapamadig: sekilde
cevre dostu katilimi giivenilir bir sekilde dngoriiyorsa, o zaman halkin 6fkesini mesrulastiran
ve uygun sekilde yonlendiren iletisim stratejileri 6rnegin, belirli, eyleme gegirilebilir kurumsal
hedeflere dogru yaygin bir tehdit hissini oncelikle giiclendiren stratejilere kiyasla, endiseyi
davranisa doniistirmede daha etkili olabilir. Son olarak, yapisal olarak dezavantajli ve yerli
topluluklarin ¢cevresel zararlara orantisiz bir sekilde maruz kaldig1 g6z 6niine alindiginda, sosyal
hizmet gibi meslekler, ekolojik 6fkeyi bireysel bir psikolojik sorun olarak degil, bir ¢evre
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adaleti bilinci bi¢gimi olarak mesrulastiran gergeveler gelistirmek i¢in uygun bir konumdadir
(McCaffery ve Boetto, 2025).

8. SONUC VE ONERILER

Iklim krizinin derinlesmesiyle birlikte ¢evresel degisimlere verilen duygusal tepkilerin ruh
saglig1 lizerindeki 6nemi giderek artmaktadir (Rana ve ark., 2026). Bu derlemede ele alinan
bulgular, eko-6fkenin yalnizca genel iklim sikintisinin ya da eko-kayginin bir bileseni olarak
degil, kendine 6zgi bilissel, duygusal ve davranissal 6zellikleri bulunan ayr1 bir iklim duygusu
olarak degerlendirilmesi gerektigine isaret etmektedir. Mevcut kanitlar, eko-6fkenin ézellikle
cevresel tahribat, iklim eylemsizligi, kurumsal yetersizlik ve algilanan adaletsizliklere
yoneldigini; eko-kayg1 ve eko-iiziintiiden farkli olarak ¢evre yanlisi niyet ve davraniglarla daha
gicli iligkiler gosterebildigini ortaya koymaktadir. Bu nedenle eko-6fkenin yalnizca
azaltilmas1 gereken olumsuz bir duygu olarak ele alinmasi yerine, uygun big¢imde
diizenlendiginde cevresel katilimi1 ve kolektif eylemi destekleyebilecek potansiyel bir psikolojik
kaynak olarak degerlendirilmesi 6nemlidir.

Bu yaklasim ruh sagligi hizmetleri acisindan da Onemli ¢ikarimlar tagimaktadir.
Psikiyatri hemsireleri, bireylerin iklim degisikligine yonelik duygusal tepkilerini
degerlendirmede, eko-0fkeyi eko-kaygi, tiziintii ve genel psikolojik sikintidan ayirt etmede ve
islevsel ya da islevsel olmayan bas etme bi¢imlerini belirlemede dnemli bir role sahip olabilir.
Psikiyatri hemsireligi uygulamalarinda eko-0tkenin dogrudan patolojik bir belirti olarak
degerlendirilmesi yerine, duygunun kaynaginin ve yoneldigi hedeflerin anlasilmasi; duygu
diizenleme, giiclendirme, psikososyal destek ve islevsel bag etme stratejilerinin desteklenmesi
onem tagimaktadir. Ayrica psikiyatri hemsireleri, bireysel bakimin 6tesinde toplum ruh sagligi,
iklim okuryazarlig1 ve iklim degisikliginin psikososyal etkilerine yonelik koruyucu ve dnleyici
programlarda da aktif roller Ustlenebilir (Ediz ve Uzun, 2024).

Bununla birlikte, mevcut literatiir 6nemli sinirliliklar tagimaktadir. Bulgularin biiytik
bolimiintin sinirli sayida iilke ve kiiltiirel baglamdan elde edilmis olmasi, eko-Ofkenin
yayginligt ve yoneldigi hedefler konusunda kiiltiirlerarasi genellemeler yapilmasini
giiclestirmektedir. Uzunlamasina ve deneyim ornekleme ¢aligmalarinin siirl sayida ve gorece
kii¢iik 6rneklemlerle yiiriitiilmiis olmas1 da eko-6tkenin zaman i¢indeki degisimi ve davranigsal
sonuglar1 hakkinda daha giiclii kanitlara duyulan gereksinimi gostermektedir.

En 6nemli arastirma bosluklarindan biri ise eko-0fkeyi 6zgll ve ¢ok boyutlu olarak
degerlendirebilecek gecerli ve giivenilir 6lgiim araglarinin yetersizligidir. Gelecekte, eko-
ofkenin yogunlugunun yani sira kaynagini, yoneldigi hedefleri ve davranigsal sonuglarini
degerlendirebilen psikometrik acidan gii¢lii 6l¢iim araglarinin gelistirilmesi ve farkli kiiltiirlerde
gecerliliginin incelenmesi oncelikli olmalidir. Ayrica ¢ocuklar, ergenler, ruhsal hastalig1 olan
bireyler ve iklim degisikliginin etkilerine orantisiz bicimde maruz kalan topluluklarda eko-
ofkenin incelenmesi; psikiyatri hemsireligi ve diger ruh saghgi disiplinleri tarafindan
gelistirilecek duygu diizenleme, giiclendirme ve eylem odakli miidahalelerin etkinliginin
degerlendirilmesi gelecekteki ¢alismalar agisindan 6nemli aragtirma alanlaridir.
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MEYVE SUYU ENDUSTRISINDE KALITE GUVENCE ACISINDAN AMBALAJ
KAYNAKLI RISKLERIN DEGERLENDIRILMESI

Kalite Glivence Miihendisi, Ozgii Nur KAHRAMAN
DIMES A.S., ozgu.kahraman@dimes.com.tr - 0009-0001-9051-9441

OZET

Meyve suyu iirlinlerinde ambalaj, {iriiniin raf dmrii boyunca mikrobiyolojik giivenligin, fiziksel
biitlinliiglin ve duyusal kalitenin korunmasinda kritik bir bilesendir. Bu ¢alismanin amaci,
meyve suyu endiistrisinde ambalaj kaynakli riskleri kalite giivence perspektifinden
degerlendirmek ve risklerin etkin yonetimi i¢in temel kontrol alanlarini ortaya koymaktir.
Calisma, giincel bilimsel literatiir, gida giivenligi standartlar1 ve sektorel teknik kaynaklarin
incelenmesine dayal1 bir derleme olarak yiiriitiilmiistiir. Ambalaj kaynakli riskler; sizdirmazlik
ve kapama biitlinliigii, mekanik hasar, bariyer ozelliklerinin yetersizligi, ambalaj-uriin
etkilesimleri, migrasyon, aseptik biitiinliiglin bozulmasi, depolama ve tasima kosullarina bagl
deformasyonlar ile kontaminasyon riski basliklarinda ele alinmistir. Degerlendirmede, 6zellikle
kapama ve sizdirmazlik biitiinliigliniin bozulmasinin iiriin giivenligi ve raf omrii lizerinde
dogrudan etkili olabilecegi; ambalaj kusurlarinin yalnizca son {iriin kontroliiyle degil, ambalaj
malzemesi kabuliinden dolum-kapama prosesine, depolama ve sevkiyata kadar biitiinlesik bir
yaklagimla yonetilmesi gerektigi gorilmistiir. Kalite guvence sistemlerinde risk temelli
ambalaj kontrollerinin; tedarikci yonetimi, proses izleme, bitinlik testleri, goérsel kontroller,
izlenebilirlik ve uygunsuzluklarin kok neden analizi ile desteklenmesi 6nem tagimaktadir.
Sonug olarak, ambalaj kaynakli risklerin proaktif bicimde yonetilmesi; {iriin giivenliginin
korunmasi, kalite kayiplarinin azaltilmasi ve tliketici memnuniyetinin strdiirilebilirligi

acisindan temel bir kalite giivence unsuru olarak degerlendirilmektedir.

Anahtar Kelimeler : Meyve suyu, ambalaj biitiinliigii, kalite giivence, gida giivenligi, risk

degerlendirmesi.
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MEYVE SUYU ENDUSTRISINDE TEDARIKCi YONETIMININ GIDA GUVENLIGi
VE KALITE PERFORMANSINA ETKISI

Kalite Giivence Yoneticisi, Hilal TUFENK TEKERCiIOGLU
DIMES A.S, hilal.tekercioglu@dimes.com.tr- 0000-0002-1345-8745

OZET

Gida isletmelerinde giivenli ve kaliteli {irlinlerin siirdiiriilebilir sekilde iiretilmesi, tiretim
proseslerinin kontroliiniin yan1 sira tedarik zincirinin etkin yonetilmesini de gerektirmektedir.
Icecek sektoriinde hammadde, yardimei malzeme ve ambalaj materyallerinin farkli
tedarik¢ilerden temin edilmesi, tedarik¢i yonetimini gida glivenligi ve kalite yOnetiminin
onemli unsurlarindan biri haline getirmektedir. Tedarik zincirinde meydana gelebilecek
uygunsuzluklarin iretim proseslerine ve nihai iriin kalitesine yansiyabilmesi nedeniyle
tedarikgilerin risk bazli yaklagimla degerlendirilmesi 6nem tasimaktadir.

Bu c¢alismanin amaci, icecek sektoriinde tedarik¢i yoOnetiminin gida giivenligi ve kalite
performansi lizerindeki roliinii degerlendirmek ve etkin bir tedarik¢i yonetim sisteminin temel
unsurlarin1 ortaya koymaktir. Calisma kapsaminda tedarik¢i se¢imi ve onaylama, risk bazl
tedarik¢i siniflandirmasi, performans degerlendirmesi, hammadde ve ambalaj uygunluk
kontrolleri, analiz sonuglari, tedarik¢i denetimleri, uygunsuzluk yonetimi ve diizeltici
faaliyetlerin takibi ele alinmistir.

Degerlendirme sonucunda, tedarik¢i yonetiminin yalnizca maliyet ve teslimat performansi
tizerinden ylriitiilmesinin yeterli olmadig; {irlin giivenligi, kalite, mevzuat uygunlugu ve
tedarik¢i performansmin birlikte degerlendirilmesi gerektigi belirlenmistir. Risk bazli
siiflandirma, diizenli performans takibi, uygunluk kontrolleri ve tedarik¢i denetimleri, tedarik
zinciri kaynakli risklerin yonetiminde temel uygulamalar olarak 6ne ¢ikmaktadir.

Sonu¢ olarak, sistematik ve risk bazli tedarik¢i yOnetiminin gida gilivenligi ve kalite
performansinin siirdiiriilebilirligine katki sagladigi1 degerlendirilmektedir.

Anahtar Kelimeler: Tedarik¢i yonetimi, gida giivenligi, kalite performansi, icecek sektort,
risk bazli yaklagim
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Amag:

Bu ¢aligmada, ortak peynir tiikketim dykiisii bulunan ve gastrointestinal semptomlarla bagvuran
bir aile kimelenmesinde, Salmonella enterica serovar Anatum enfeksiyonunun epidemiyolojik,
mikrobiyolojik ve molekiiler/genomik 6zellikleri incelenerek olgular ile siipheli gida arasindaki
klonal ve etiyolojik iliski arastirilmistir.

Gereg ve YOntem:

Nisan 2026'da gastrointestinal sikayetlerle basvuran 14 hasta ile siipheli peynir Ornegi
degerlendirmeye alinmistir. Hastalara ait digki ve kan Ornekleri ile peynir homojenati
konvansiyonel kiltur, imminokromatografik testler, mikroskobik inceleme ve mikro-ELISA
yontemleriyle incelenmistir. Sus diizeyinde tanimlamalar Matrix-Assisted Laser
Desorption/lonization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) ve Fourier
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Transform Infrared Spectroscopy (FT-IR) ile gerceklestirilmistir. Diski ve peynir 6rnekleri,
sendromik yaklasim kapsaminda molekiiler gastrointestinal paneller (Anatolia Geneworks ve
BioFire FilmArray GI) ile analiz edilmistir. Izolatlarin antimikrobiyal duyarliliklar1 European
Committee on Antimicrobial Susceptibility Testing (EUCAST) kriterlerine gore disk difuizyon
yontemiyle belirlenmis ve fenotipik Extended-Spectrum Beta-Lactamase (ESBL) varligi
arastirtlmistir. Klonal yakinlik Pulsed-Field Gel Electrophoresis (PFGE) ve Oxford Nanopore
platformunda gergeklestirilen Whole-Genome Sequencing (WGS) ile degerlendirilmistir. WGS
kapsaminda 7-gen MLST, cgMLST/wgMLST, k-mer uzakligi, Average Nucleotide Identity
(ANI), SNP/indel analizi ile antimikrobiyal direnc ve viriilans genleri arastirilmistir.

Bulgular

Stipheli giday1 tiiketen 18 bireyin 16's1 (%88,9) semptomatik, 2'si (%11,1) asemptomatik olarak
degerlendirilmistir. Hastaneye basvuran 14 hastanin 6'sinin digki kiiltiirtinde ve peynir
orneginde Salmonella enterica subsp. enterica serovar Anatum izole edilmistir. Molekiiler
gastrointestinal panellerde ise 14 hastanin tamaminda Salmonella spp. saptanmistir. Tiim
izolatlar test edilen antimikrobiyallere fenotipik olarak duyarli bulunmus ve ESBL fenotipi
gostermemistir. PFGE analizinde klinik izolatlar ile peynir izolatinin bant profillerinin birebir
ayni oldugu gosterilmistir. WGS analizi, klinik (S58) ve peynir (S52) izolatlarinin her ikisinin
de Sequence Type 64 (ST64) oldugunu dogrulamistir. izolatlar arasinda %100 ANI ve D =
0.000000 k-mer uzaklig1 saptanmis; 4,7 Mb'lik kromozom boyunca yalnizca 6 SNP ve 3.678
cgMLST lokusunda 4 alel farki belirlenmistir. Her iki izolatin da ayni1 170 viriilans faktorii
genini tasidigt ve kazanilmis antimikrobiyal diren¢ geni icermedigi belirlenmistir.
Asemptomatik iki bireyden birinin peyniri kaynatarak, digerinin ise sicak caya batirarak

Sonug

Epidemiyolojik, mikrobiyolojik, PFGE ve yiksek cozundrltkli genomik verilerin birlikte
degerlendirilmesi, klinik ve peynir kaynakli S. Anatum izolatlari arasindaki gii¢lii klonal iligkiyi
ortaya koymus ve c¢ig siitten yapilan peynirin salginla iliskili olast kaynak oldugunu
desteklemistir. Nadir goriilen serovarlarin neden oldugu gida kaynakl salginlarin hizli tespiti
ve kaynak takibinde, konvansiyonel yontemlerin WGS tabanli molekiiler siirveyans ve Tek
Saglik (One Health) yaklagimiyla biitiinlestirilmesinin 6nemi vurgulanmaktadir.

Anahtar Kelimeler: Salmonella Anatum, gida kaynakli salgin, ¢ig siit peyniri, tim genom
sekanslama, WGS, cgMLST, PFGE.

Salmonella Anatum Foodborne Outbreak Associated with Cheese Consumption:
Epidemiological, Microbiological, and Public Health Evaluation

Objective

This study investigated the epidemiological, microbiological, and molecular/genomic
characteristics of Salmonella enterica serovar Anatum infection in a family cluster with a
shared history of cheese consumption and gastrointestinal symptoms, with the aim of evaluating
the clonal and etiological relationship between the cases and the suspected food source.

Materials and Methods

In April 2026, 14 patients presenting with gastrointestinal complaints and a suspected cheese
sample were evaluated. Stool and blood specimens obtained from the patients, as well as the
cheese  homogenate, were examined wusing conventional culture  methods,
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immunochromatographic  tests, microscopic examination, and micro-enzyme-linked
immunosorbent assay (micro-ELISA). Strain-level identification was performed using Matrix-
Assisted Laser Desorption/lonization Time-of-Flight Mass Spectrometry (MALDI-TOF MS)
and Fourier Transform Infrared Spectroscopy (FT-IR). Stool and cheese samples were analyzed
using molecular gastrointestinal panels (Anatolia Geneworks and BioFire FilmArray GI) within
a syndromic diagnostic approach. Antimicrobial susceptibility of the isolates was determined
by the disk diffusion method according to the criteria of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), and the presence of phenotypic Extended-
Spectrum Beta-Lactamase (ESBL) production was investigated. Clonal relatedness was
assessed by Pulsed-Field Gel Electrophoresis (PFGE) and Whole-Genome Sequencing (WGS)
performed on the Oxford Nanopore platform. WGS analysis included 7-gene multilocus
sequence typing (MLST), core-genome and whole-genome MLST (cgMLST/wgMLST), k-mer
distance, Average Nucleotide Identity (ANI), SNP/indel analysis, and screening for
antimicrobial resistance and virulence genes.

Results

Among the 18 individuals who consumed the suspected food, 16 (88.9%) were symptomatic
and 2 (11.1%) were asymptomatic. Salmonella enterica subsp. enterica serovar Anatum was
isolated from stool cultures of 6 of the 14 patients who presented to the hospital and from the
cheese sample. Molecular gastrointestinal panels detected Salmonella spp. in all 14 patients.
All isolates were phenotypically susceptible to all tested antimicrobials and showed no ESBL
phenotype. PFGE analysis demonstrated identical banding patterns between the clinical isolates
and the cheese isolate. WGS confirmed that both the clinical (S58) and cheese (S52) isolates
belonged to Sequence Type 64 (ST64). The isolates showed 100% ANI and a k-mer distance
of D = 0.000000. Only 6 SNPs were identified across the 4.7-Mb chromosome, while only 4
allele differences were detected among 3,678 cgMLST loci. Both isolates carried the same 170
virulence factor genes, and no acquired antimicrobial resistance genes were detected. Of the
two asymptomatic individuals, one reported consuming the cheese after boiling it, whereas the
other consumed it after dipping it into hot tea.

Conclusion

The combined evaluation of epidemiological, microbiological, PFGE, and high-resolution
genomic data demonstrated a strong clonal relationship between the clinical and cheese-derived
S. Anatum isolates and supported the raw-milk cheese as a potential source associated with the
outbreak. These findings highlight the importance of integrating conventional methods with
WGS-based molecular surveillance and a One Health approach for the rapid detection and
source tracking of foodborne outbreaks caused by uncommon serovars.

Keywords: Salmonella Anatum, foodborne outbreak, raw-milk cheese, whole-genome
sequencing, WGS, cgMLST, PFGE.
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OZET

Salkim guvesi (Lobesia botrana Denis & Schiffermiiller), baglarda iiriin miktar1 ve kalitesini
onemli 6l¢iide etkileyen baglica zararlilardan biridir. Zararlinin miicadelesinde ¢evre dostu ve
stirdiiriilebilir yontemlere duyulan gereksinim, biyoteknolojik uygulamalarin gelistirilmesini
hizlandirmigtir. Diinyanin farkli bagcilik bolgelerinde yiiriitiilen caligmalar, 6zellikle feromon
temelli giftlesmeyi engelleme tekniginin (mating disruption) salkim giivesi popiilasyonlarinin
baskilanmasinda etkili ve giivenilir bir yontem oldugunu gostermektedir. Geleneksel pasif
feromon yayicilarin yani sira, feromonu belirli zaman araliklarinda ortama birakan aerosol
sistemleri, daha diisiik sayida yayici kullanimi1 ve genis alanlarda etkin uygulama agisindan
onemli bir gelisme olarak oOne c¢ikmaktadir. Ayrica biyobozunur feromon yayicilarin
gelistirilmesi, ¢evresel siirdiriilebilirlik agisindan yeni olanaklar sunmaktadir. Son yillarda
feromon saliniminin sicaklik ve nem gibi ¢evresel kosullarla iligkilendirilmesi ve matematiksel
modellerle zararlinin  ugus donemlerinin birlikte degerlendirilmesi, uygulamalarin
zamanlamasinin daha hassas belirlenmesine katki saglamaktadir. Bunun yaninda, ayn1 yayici
sistem icerisinde birden fazla zararl1 tiiriin feromonlarinin kullanilmasi, baglarda biyoteknolojik
mucadelenin kapsamini genisletmektedir. Bu gelismeler, salkim giivesine karsi kimyasal
miicadeleye olan bagimlhiligin azaltilmasi ve siirdiiriilebilir entegre zararli yonetiminin
gelistirilmesi agisindan 6nemli bir potansiyel tagimaktadir.

Anahtar Kelimeler: Salkim giivesi, bagcilik, biyoteknolojik miicadele, ¢iftlesmeyi engelleme.

BIOTECHNOLOGICAL DEVELOPMENTS IN THE MANAGEMENT OF THE
EUROPEAN GRAPEVINE MOTH (Lobesia botrana Denis & Schiffermuller) IN
VINEYARDS

Abstract

The European grapevine moth, Lobesia botrana Denis & Schiffermdller, is one of the major
insect pests affecting grape production, with significant impacts on both yield and fruit quality.
The need for environmentally friendly and sustainable pest management strategies has
accelerated the development of biotechnological approaches for its control. Studies conducted
in different viticultural regions worldwide have demonstrated that pheromone-based mating
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disruption is an effective and reliable strategy for suppressing L. botrana populations. In
addition to conventional passive pheromone dispensers, aerosol-based systems that release
pheromones at predetermined intervals have emerged as an important technological
development, particularly by reducing the number of dispensers required and improving
efficacy over large areas. The development of biodegradable pheromone dispensers also offers
new opportunities for enhancing environmental sustainability. In recent years, integrating
pheromone release dynamics with environmental variables such as temperature and relative
humidity, together with mathematical models for predicting pest flight activity, has contributed
to more precise timing of control applications. Furthermore, the use of pheromones targeting
multiple pest species within the same dispenser system has expanded the potential scope of
biotechnological control in vineyards. These developments have considerable potential to
reduce dependence on chemical insecticides against L. botrana and to strengthen sustainable
integrated pest management programs in viticulture.

Keywords: European grapevine moth, viticulture, biotechnological control, mating disruption,

1. GIRIS

Asmanin (Vitis vinifera L.) yetistirildigi bolgelerde verim ve iiriin kalitesini siirlandiran
onemli faktorlerden biri zararli organizmalardir. Bu zararlilar igerisinde Salkim giivesi, Lobesia
botrana (Denis & Schiffermiiller) (Lepidoptera: Tortricidae), 6zellikle Akdeniz havzasi ve
Avrupa'nin 6nemli bagcilik alanlarinda ekonomik agidan biiylik 6nem tasimaktadir. Zararlinin
larvalari asmanin ¢igek, koruk ve olgunlagmaya baslayan tanelerinde beslenerek dogrudan irtin
kaybina neden olmakta, beslenme sonucu olusan yaralar ise 6zellikle hasada yakin donemde
fungal hastaliklarin gelismesini kolaylastirabilmektedir. Bu nedenle Salkim giivesinin meydana
getirdigi zarar yalnizca dogrudan iiriin kayb ile sinirli kalmamakta, ayn1 zamanda sofralik ve
saraplik lizimlerin kalite 6zelliklerini de olumsuz yonde etkileyebilmektedir (loriatti et al.,
2011).

Salkim giivesinin yonetiminde uzun yillar boyunca sentetik insektisitler temel miicadele
araglarindan biri olmustur. Bununla birlikte, tekrarlanan kimyasal uygulamalar; kalinti
problemi, yararli organizmalar iizerindeki olumsuz etkiler, cevresel kirlilik, uygulama
maliyetleri ve zararli popiilasyonlarinda insektisitlere karst direng gelismesi gibi nedenlerle
surdirilebilirlik agisindan gesitli sorunlar ortaya cikarabilmektedir. Ozellikle sofralik iiziim
iretiminde hasat Oncesi bekleme siiresi ve lriin iizerinde pestisit kalintis1 bulunmamasi
yoniindeki tiiketici taleplerinin artmasi, kimyasal miicadeleye alternatif veya tamamlayici
yontemlerin onemini artirmistir. Bu durum, entegre zararli yonetimi igerisinde biyoteknik
miicadele yontemlerinin gelistirilmesine ve yayginlastirilmasina zemin hazirlamistir.

Salkim giivesine kars1 gelistirilen biyoteknolojik yontemler arasinda en basarili ve yaygin
uygulamalardan biri feromon temelli ¢iftlesmeyi engelleme teknigidir. Bu yontemde disi
Salkim giivesinin erkek bireyleri ¢ekmek amaciyla kullandigi eseysel feromonun sentetik
formu bag ortamina kontrollii bigcimde salinmaktadir. Ortamdaki sentetik feromon
yogunlugunun artirilmasi, erkeklerin dogal disileri bulmasini zorlagtirmakta ve basarili
ciftlesmelerin azalmasina neden olmaktadir. Boylece yumurta birakacak disi sayisinin ve takip
eden nesillerdeki popiilasyon yogunlugunun diisiiriilmesi hedeflenmektedir. Feromon temelli
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ciftlesmeyi engelleme, Salkim gilivesinde kimyasal insektisit kullanimini1 azaltma potansiyeli
nedeniyle diinya bagciliginda en fazla lizerinde calisilan biyoteknik yontemlerden biri
durumundadir (Ioriatti et al., 2011).

Diinya genelindeki arastirmalar, biyoteknolojik miicadelenin yalnizca geleneksel feromon
yayicilarin kullanilmasindan ibaret olmadigini gostermektedir. Son yillarda diisiik yogunlukta
kullanilan aerosol yayicilar, feromonun hava igerisindeki dagiliminin kimyasal analizlerle
belirlenmesi, uzaktan izleme sistemleri, elektronik tuzaklar ve farkli zararl: tiirlerine yonelik
feromonlarin ayni1 uygulama sistemi icerisinde kullanilabilmesi gibi yeni teknolojiler
arastirtlmaktadir. Bu gelismeler, biyoteknik miicadelenin daha hassas, ekonomik ve ¢evre dostu
héle getirilmesine yonelik 6nemli adimlar olarak degerlendirilmektedir (Lucchi et al., 2018;
Mafra-Neto et al., 2019; Benelli et al., 2023).

Tiirkiye acisindan degerlendirildiginde ise salkim giivesi, bag yetistiriciliginin yogun oldugu
bolgelerde 6nemli bir zararli durumundadir. Gaziantep, Manisa ve son yillarda Diyarbakir gibi
farkl bagcilik bolgelerinde gergeklestirilen ¢alismalar, zararlinin popiilasyon dinamiginin ve
zarar diizeyinin yoreye, liziim ¢esidine ve ¢evresel kosullara bagli olarak degisebildigini ortaya
koymaktadir (Aslan & Candan, 2018; Sermen & Kaplan, 2024; Unlii & Giileg, 2018). Bu
nedenle biyoteknolojik miicadele programlarinin bolgesel popiilasyon ozellikleri dikkate
almarak planlanmasi 6nem tasimaktadir.

Bu calismada, {iziim baglarinda Salkim giivesine kars1 diinyada ve Tiirkiye'de gergeklestirilen
biyoteknolojik miicadele arastirmalarinin degerlendirilmesi; feromon temelli c¢iftlesmeyi
engelleme, yeni nesil feromon yayicilar, aerosol teknolojileri, uzaktan izleme ve steril bocek
teknigi gibi yaklagimlardaki gelismelerin ortaya konulmasi amaglanmistir.

2. GELISME
2.1. Salkim Giivesinin Biyoteknolojik Miicadele A¢isindan Onemi

Salkim giivesinin biyoteknolojik miicadele agisindan uygun bir hedef olmasinin temel
nedenlerinden biri, tliriin eseysel iletisim sisteminin ayrintili bi¢imde ortaya konulmus
olmasidir. Disi bireyler erkekleri ¢ekmek amaciyla karakteristik bir eseysel feromon
salgilamakta, erkekler ise bu kimyasal sinyali kullanarak disilerin yerini belirlemektedir. Bu
dogal iletisim mekanizmasinin sentetik feromonlarla degistirilmesi veya bozulmasi, zararlinin
ciftlesme basarisini azaltmak amaciyla kullanilabilmektedir.

loriatti ve arkadaslar1 (2011), Salkim giivesinin kimyasal ekolojisi ve yOnetimi lizerine
gerceklestirdikleri kapsamli degerlendirmede feromon aracili ciftlesmeyi engellemenin
baglarda kullanilabilecek en umut verici miicadele yontemlerinden biri oldugunu bildirmistir.
Aragtirmacilar, yontemin Avrupa'daki genis bag alanlarinda uygulanmaya basladigini ve
basarili uygulamalarda insektisit kullaniminin azaltilabildigini belirtmistir.

Biyoteknolojik yontemin temel avantaji, hedef organizmanin davranigsal ve kimyasal
ozelliklerinden yararlanilmasidir. Bu nedenle klasik insektisitlerden farkli olarak genis
spektrumlu toksik etki olusturmak yerine hedef zararlinin iletisim ve iireme davranigini
degistirmeye odaklanmaktadir. Bu 6zellik, yontemin entegre zararli yonetimi ve siirdiiriilebilir
bagcilik agisindan degerini artirmaktadir.
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Bununla birlikte, ciftlesmeyi engelleme tekniginin basarisi yalnizca baga feromon yayicilarin
yerlestirilmesine baglh degildir. Bagin biytkligi, sekli, ¢evredeki kontrol edilmeyen bag
alanlar1, zararlinin baglangi¢ popiilasyon yogunlugu, riizgar yonii, topografya ve feromonun bag
icerisinde homojen dagilimi ydntemin bagarisint  etkileyebilmektedir. Dolayisiyla
biyoteknolojik uygulamalarin bdlgesel ve alan bazli planlanmasi gerekmektedir.

2.2. Geleneksel Feromon Yayicilar Ve Ciftlesmeyi Engelleme

Salkim giivesine kars1 kullanilan ilk nesil biyoteknik uygulamalarda, bag igerisine belirli sayida
pasif feromon yayict yerlestirilerek sentetik eseysel feromonun uzun siire boyunca ortama
salinmas1 saglanmaktadir. Bu sistemlerde yayicilarin bag igerisinde belirli araliklarla
dagitilmasi ve zararlinin aktif doneminden once uygulamanin gerceklestirilmesi onemlidir.

Ciftlesmeyi engelleme tekniginin etkinligi farkl iilkelerde yapilan saha calismalariyla ortaya
konulmustur. Ornegin Kibris'ta yiiriitiilen ii¢ yillik galismada Isonet-L feromon yayicilar
kullanilan baglarda salkim gilivesinin meydana getirdigi salkim zarari, kontrol alanlarina gore
belirgin bigimde azaltilmistir. 2004-2006 doneminde feromon uygulanan alandaki zarar
oranlar sirastyla %6,8, %6,0 ve %10,4 olarak belirlenirken, uygulama yapilmayan alanlarda
bu oranlar %40,8, %59,6 ve %64,4'e ulasmistir. Bu sonuglar, uygun kosullarda feromon temelli
ciftlesmeyi engellemenin salkim giivesi zararini1 6nemli dl¢iide azaltabilecegini gostermektedir

(Vassiliou, 2009).

Israil’de yiiriitillen arastirmalarda, salkim giivesinin (Lobesia botrana) yani sira bag
ekosistemlerinde bulunan diger lepidopter zararlilarin yonetiminde de feromon temelli
biyoteknik miicadele yaklasimlari degerlendirilmistir. Harari ve ark. (2007), yalnizca L.
botrana feromonunun kullanildig1 ¢iftlesmeyi engelleme uygulamasi ile L. botrana ve
Cryptoblabes gnidiella feromonlarinin birlikte kullanildig1 = stratejileri  karsilagtirmigtir.
Arastirma sonuglari, feromon uygulanan parsellerde zararlilarin bulasiklik diizeyinin ve
insektisit uygulama sikliginin kontrol alanlarina kiyasla azaldigin1 ortaya koymustur. Bu
bulgular, ayni iiretim alaninda birden fazla lepidopter zararlinin bulunmasi durumunda, tiirlere
0zgli feromonlarin birlikte kullanilmasina dayali ¢oklu ¢iftlesmeyi engelleme stratejilerinin,
kimyasal miicadeleye olan gereksinimin azaltilmasina katki saglayabilecek alternatif bir
biyoteknik yaklasim oldugunu gostermektedir (Harari et al., 2007).

2.3. Tiirkiye'de Ciftlesmeyi Engelleme Calismalarindaki Gelismeler

Tiirkiye'de Salkim gilivesine kars1 biyoteknik miicadele konusunda gergeklestirilen ilk 6nemli
saha caligmalarindan biri Gaziantep'in Islahiye ilgesinde yiiriitiilmiistiir. Akyol ve Aslan
tarafindan 2005 ve 2006 yillarinda gergeklestirilen arastirmada Antep Karasi iiziim ¢esidinin
bulundugu baglarda Isonet-L yayicilar1 kullanilarak ¢iftlesmeyi engelleme tekniginin etkinligi
incelenmistir. Arastirmanin 2005 yili sonuglarina gore ¢iftlesmeyi engelleme uygulanan bagda
Salkim giivesi bulasiklig1 birinci, ikinci ve itiglincii dollerde sirasiyla %6, %3 ve %35 olarak
belirlenmistir. Ayn1 donemde insektisit kullanilan kontrol alaninda bulasiklik oranlar1 %20,
%18 ve %3 olarak kaydedilmistir. 2006 yilinda ise ciftlesmeyi engelleme uygulanan bagda
bulasiklik oranlar1 sirasiyla %5, %2 ve %3 olmustur. Calismada c¢iftlesmeyi engelleme
uygulamasinin, zararli yogunlugunun ekonomik zarar esigini agmasi durumunda Bacillus
thuringiensis subsp. kurstaki gibi biyolojik kokenli preparatlarla desteklenebilecegi
belirtilmistir (Akyol & Aslan, 2009).
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Turkiye'de daha sonraki 6nemli uygulamalardan biri Adiyaman baglarinda gergeklestirilmistir.
Toprak ve ark. (2022), 2016 ve 2017 yillarinda Isonet-L yayicilarini kullanarak ¢iftlesmeyi
engelleme teknigini degerlendirmistir. Calismada ciftlesmeyi engelleme uygulanan baglarda
2016 yilinda 50 salkim iizerinden degerlendirilen bulasiklik oranlar birinci, ikinci ve tliglincii
dollerde sirastyla %0, %4 ve %3 olurken, geleneksel miicadele yapilan baglarda bu degerler
%0, %10 ve %5 olarak belirlenmistir. 2017 yilinda ise ¢iftlesmeyi engelleme alanlarinda oranlar
%2, %4 ve %4; geleneksel uygulama alanlarinda %4, %10 ve %7 olarak kaydedilmistir. Ayrica
ciftlesmeyi engelleme uygulanan baglarda insektisit kullanilmamasi, yontemin kimyasal
miicadeleye alternatif olusturabilecegini gostermesi bakimindan 6nemlidir. Bu g¢aligmalar
Tiirkiye'de Salkim giivesine kars1 feromon temelli miicadele yaklagiminin yalnizca deneysel bir
yontem olmadigini, uygun bag kosullarinda pratik olarak uygulanabilir bir se¢cenek oldugunu
gOstermektedir.

2.4. Aerosol Feromon Yayicilar

Biyoteknolojik micadelede son yillardaki 6nemli gelismelerden biri, pasif feromon yayicilarin
yaninda aktif aerosol yayicilarin gelistirilmesidir. Geleneksel pasif sistemlerde bag icerisinde
yiiksek sayida yayicinin dagitilmasi gerekirken, otomatik aerosol cihazlarinda feromon, hedef
zararlinin aktif oldugu dénemlere gore programlanarak belirli zaman araliklarinda kisa streli
salimlar seklinde atmosfere birakilmaktadir (Benelli et al., 2019; Gavi et al., 2020; Lucchi et
al., 2018; Lucchi et al., 2023).

Lucchi ve arkadaslar1 (2018), Ispanya'nin Aragon bolgesinde gerceklestirdikleri iki yillik
calismada Salkim giivesine karst aerosol feromon yayicilarin etkinligini incelemistir.
(Calismada aerosol sisteminin geleneksel pasif yayicilarla karsilastirilabilir diizeyde miicadele
saglayabildigi ortaya konulmustur. Bu sistemlerin dnemli avantajlar1 arasinda hektar basina
daha az yayici kullanilmast ve buna bagl olarak iscilik gereksiniminin azaltilmasi
bulunmaktadir (Lucchi et al., 2018).

Italya'da Benelli ve arkadaslar1 (2023) tarafindan vyiiriitiillen arastirmada ise yeni bir aerosol
yayict farkli uygulama yogunluklarinda test edilmistir. Calismada 2, 3 ve 4 cihaz/ha
yogunluklar1 degerlendirilmis ve aerosol uygulamalarinin Salkim giivesinin bulagiklik diizeyini
onemli Olciide azaltabildigi belirlenmistir. Yeni sistemin etkinligi, pasif yayicilarla ve bagka bir
ticari aerosol sistemle karsilastirilabilir bulunmustur. Arastirmacilar, o6zellikle kiigiik
parsellerden olusan Italyan baglarinda aerosol teknolojisinin kullanim potansiyeline dikkat
cekmistir (Benelli et al., 2023).

Aerosol sistemlerin 6nemli bir diger avantaji, feromonun daha az sayida cihazla genis alana
dagitilabilmesidir. Bununla birlikte, aerosol yayicilarin basarisinda bagin topografyasi, parselin
geometrik yapis1 ve hakim riizgarlarin 6nemli rol oynadigi bildirilmektedir. Bu nedenle aerosol
sistemlerin farkl iklim ve bag yapilarinda ayrica degerlendirilmesi gerekmektedir.

2.5. Feromon Sahmiminin Hassas Olciilmesi

Biyoteknolojik miicadelenin gelistirilmesinde yalnizca yeni yayicilarin tasarlanmasi degil, bag
atmosferindeki feromon yogunlugunun dogru bi¢cimde belirlenmesi de onemlidir. Navarro-
Llopis ve arkadaslari (2020), Salkim giivesine karsi uygulanan pasif ve aerosol feromon
sistemlerinden kaynaklanan hava kaynakli feromon yogunlugunu belirlemek amaciyla hassas
kromatografik ve spektroskopik analiz yontemlerinden yararlanmistir.

123



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

Arastirmada pasif yayicilar ve aerosol sistemlerinin bag atmosferinde farkli zamansal ve
mekansal feromon profilleri olusturdugu belirlenmistir. Ayrica asma yapraklarinin havadaki
feromonun bir boliimiinii adsorbe ederek daha sonra yeniden salabilmesinin, bag icerisindeki
feromon dagilimini etkileyebilecegi ortaya konulmustur. Bu bulgu, ¢iftlesmeyi engelleme
sistemlerinin etkinliginin yalnizca yayicidan ¢ikan feromon miktartyla agiklanamayacagini
gostermektedir (Navarro-Llopis et al., 2020).

Bu tiir hassas 6l¢iim teknikleri, gelecekte feromon yayicilarin gereginden fazla miktarda
kullanilmasii Onleyerek maliyetlerin azaltilmasina katki saglayabilir. Ayn1 zamanda bagin
farkli noktalarinda gerekli feromon yogunlugunun belirlenmesi, uygulama programlarinin daha
hassas bicimde tasarlanmasina olanak saglayacaktir.

2.6. Uzaktan izleme Ve Dijital Teknolojiler

Biyoteknolojik miicadeledeki diger dnemli gelisme, zararli popiilasyonlarinin klasik arazi
kontrollerine gerek kalmadan izlenebilmesini saglayan dijital teknolojilerdir. Tiirkiye'de Unlii
ve arkadaslar1 (2019), Konya'nin Hadim ve Tagkent ilgelerinde Salkim giivesinin popiilasyon
gelisimini uzaktan izlemek amaciyla kamera destekli feromon tuzaklarini kullanmistir.

Arastirmada feromon tuzaklarina kameralar yerlestirilmis ve elde edilen goriintiiler internet
iizerinden takip edilmistir. Boylece baga siirekli olarak gitmeye gerek kalmadan ergin ugusunun
baslangic1 ve popiilasyon gelisimi hakkinda bilgi elde edilmistir. Calismada ilk erginlerin
Hadim'de 7 Nisan, Taskent'te ise 15 Nisan 2016 tarihinde yakalandig1 belirlenmistir (Unlii et
al., 2019).

Bu yaklasim, biyoteknik miicadele agisindan oldukca 6nemlidir. Ciinkii ¢iftlesmeyi engelleme
uygulamalarinda feromon yayicilarin dogru zamanda baga yerlestirilmesi ve zararlinin
poplilasyonunun uygulama oOncesinde ve sonrasinda izlenmesi gerekir. Kamera destekli
tuzaklar, gelecekte goriintii isleme ve yapay zekad sistemleriyle birlestirildiginde zararh
bireylerinin otomatik olarak taninmasini ve sayilmasini saglayabilecek bir altyapi olusturabilir.
Dolayisiyla biyoteknolojik miicadele, yalnizca feromon kullanimi olarak degil, feromon +
sensor + kamera + veri analizi biitiinliigii igerisinde ele alinmalidir. Boyle bir sistem, baglarda
hassas tarim uygulamalariin 6nemli bir bileseni haline gelebilir.

2.7. Turkiye'de Poptulasyon Dinamiklerinin Belirlenmesi

Biyoteknik miicadele programlarinin basarisi, hedef zararlinin bdlgedeki biyolojisinin ve
popiilasyon dinamiginin dogru sekilde belirlenmesine baglidir. Tiirkiye'de bu konuda
gerceklestirilen c¢alismalar, Salkim giivesinin farkli bolgelerde 6nemli farkliliklar
gosterebildigini ortaya koymaktadir.

Sermen ve Kaplan (2024), Diyarbakir ili Hazro ilgesindeki baglarda 2021 ve 2022 yillarinda
feromon tuzaklar1 kullanarak Salkim giivesinin ergin popiilasyon degisimini ve bulasiklik
oranini arastirmistir. Calismada zararlinin ilk erginleri 18 Nisan'da, son erginleri ise 14
Kasim'da belirlenmis ve erginlerin yaklasik sekiz ay boyunca dogada aktif oldugu ortaya
konulmustur. Ayrica bolgede hasattan once ii¢, hasattan sonra ise bir olmak iizere dort belirgin
popiilasyon tepe noktasi tespit edilmistir. Bulagiklik oranlar1 bag ve yillara gore %5 ile %45
arasinda degismistir (Sermen & Kaplan, 2024). Bu sonuglar, 6zellikle Giineydogu Anadolu
Bolgesi baglarinda biyoteknik miicadele programlarinin yalnizca standart takvimlere gore
yirlitilmemesi gerektigini gdstermektedir. Feromon uygulamasinin zamani ve siiresi, bolgenin
iklim ozellikleri ve zararlinin yerel ugus dinamikleri dikkate alinarak belirlenmelidir.
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2.8. Coklu Feromon Ve Tiirler Arasi Biyoteknik Miicadele

Bag ekosistemlerinde ¢cogu zaman tek bir zararli tiirii bulunmamaktadir. Salkim giivesinin
yaninda farkli Lepidoptera tiirleri ve diger zararli organizmalar da ekonomik zarar
olusturabilmektedir. Bu nedenle gelecekte biyoteknolojik miicadelede ayni sistem igerisinde
birden fazla zararlinin yonetilmesine yonelik teknolojiler 6nem kazanacaktir.

Harari ve ark. (2007) calismasi, iki farkli zararli tiiriiniin feromonlarinin birlikte
kullanilabilecegini gostermesi agisindan dikkat ¢ekicidir. Bu tiir ¢oklu feromon sistemleri,
ozellikle farkli zararlilarin ayni donemde ekonomik zarar olusturdugu baglarda kimyasal
miicadele ihtiyacinin daha fazla azaltilmasina katki saglayabilir. Ancak birden fazla feromonun
ayni ortamda kullanilmasi, tiirler arasindaki kimyasal iletisimin ve yayicilarin birbirleriyle
etkilesiminin ayrintili bicimde degerlendirilmesini gerektirir. Gelecekte gelistirilecek akillt
yayict sistemleri sayesinde farkli zararlilarin ugus donemlerine gore farkli feromonlarin
kontrollii bi¢imde salinmas1 miimkiin olabilir.

2.9. Steril Bocek Teknigi Ve Gelecekteki Potansiyel

Salkim giivesine kars1 heniiz ciftlesmeyi engelleme kadar yaygin olmayan bir bagka
biyoteknolojik yaklasim Steril Bocek Teknigi (SBT) ve kalitsal kisirliktir. Bu yaklagimda
laboratuvarda iiretilen erkek bireyler steril hale getirilerek dogal popiilasyona birakilmakta ve
steril erkeklerin dogal disilerle ¢iftlesmesi sonucunda verimli yavru olusumunun azaltilmasi
amagclanmaktadir.

Saour (2014), Salkim giivesi iizerinde gama 1gin1 uygulamalarinin sterilizasyon ve kalitsal
kisirlik agisindan etkisini arastirmistir. Calismada farkli radyasyon dozlarinin erkek ve disilerin
tireme kapasitesi iizerindeki etkileri incelenmis ve belirli dozlarin erkeklerde fertiliteyi blyik
oOlgilide azaltabildigi ortaya konulmustur. Arastirmaci, 150 Gy dozunu Salkim giivesine yonelik
steril bocek ve F1 kisirlik programlari agisindan uygun bir secenek olarak degerlendirmistir
(Saour, 2014). Bu yaklasimin gelecekte baglarda feromon temelli ¢iftlesmeyi engelleme ile
birlikte kullanilmasi teorik olarak miimkiin olmakla birlikte, genis Olgekli saha
uygulamalarindan 6nce laboratuvar tiretimi, steril bireylerin rekabet yetenegi, salim oranlari,
hedef dis1 etkiler ve ekonomik uygulanabilirlik gibi konularin ayrintili olarak arastirilmasi
gerekmektedir.

2.10. Yeni Nesil Biyoteknolojik Yaklasim: Hassas Ve Veri Temelli Miicadele

Salkim giivesi miicadelesinin gelece§inde en 6nemli gelismelerden birinin farkli teknolojilerin
bir araya getirilmesi olacagi 6ngoriilmektedir. Giliniimiizde feromon tuzaklari yalnizca ergin
popiilasyonunun belirlenmesi amaciyla degil, zararlinin ugus baslangicinin ve yogunluk
degisiminin izlenmesi i¢in de kullanilmaktadir. Kamera sistemleri bu siireci otomatik hale
getirebilirken, meteorolojik sensorler sicaklik, nem, riizgar ve diger gevresel degiskenleri es
zamanli olarak kaydedebilmektedir. Bu verilerin matematiksel modellerle birlikte
degerlendirilmesi, Salkim giivesinin ugus donemlerinin ve muhtemel zarar riskinin énceden
tahmin edilmesine yardimc1 olabilir. Boylece miicadele uygulamalari takvim esaslt olmaktan
cikarilarak ihtiyag¢ ve risk esasli hale getirilebilir.

Son yillarda ¢iftlesmeyi engelleme uygulamalarinin basarisinin degerlendirilmesinde yalnizca
erkeklerin feromon tuzaklarina yakalanma oraninin kullanilmasinin yeterli olmayabilecegi de
vurgulanmaktadir. Knight ve arkadaslar1 (2025), c¢esitli tortricid tiirlerinde ¢iftlesmeyi
engelleme programlarinin basarisini degerlendirirken disilerin gergek ciftlesme durumunun
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daha fazla dikkate alinmasi gerektigini belirtmistir. Arastirmacilar, yeni ¢ift eseyli
cezbedicilerin farkli feromon uygulama sistemlerinin karsilagtirilmasinda kullanilabilecegini ve
bu yaklagimin biyoteknik miicadelenin degerlendirilmesini gelistirebilecegini bildirmistir
(Knight et al., 2025).

Bu gelisme, Salkim giivesi miicadelesinde gelecekte yalnizca "tuzakta kag¢ erkek yakalandi?"
sorusunun degil, "bagdaki disilerin ne kadar1 basarili bicimde c¢iftlesebildi?" sorusunun da
dikkate alinacagini gostermektedir.

3. SONUC

Salkim giivesi, liziim baglarinda verim ve kalite kayiplarina yol agabilen 6nemli zararlilardan
biri olup, siirdiiriilebilir bagcilik agisindan ¢evre dostu ve etkili miicadele yontemlerinin
gelistirilmesini gerekli kilmaktadir. Bu kapsamda biyoteknolojik micadele yontemleri,
kimyasal insektisit kullanimimin azaltilmasi ve yararli organizmalarin korunmasi agisindan
onemli bir alternatif olusturmaktadir. Ozellikle eseysel feromonlara dayali ¢iftlesmeyi
engelleme teknigi, zararlinin tireme davranigini hedeflemesi bakimindan ¢evresel agidan daha
stirdiiriilebilir bir yaklagim sunmaktadir. Bununla birlikte yontemin basarisi; zararli yogunlugu,
bagin biyiikliigii ve yapisi, cevredeki bag alanlari, meteorolojik kosullar ve uygulama
zamanlamasi gibi birgok faktore bagl olarak degisebilmektedir.

Gelecekte Salkim giivesi miicadelesinde tek bir yonteme baglh kalmak yerine farkli biyoteknik
ve biyolojik miicadele yontemlerinin entegre edilmesi 6nem tasimaktadir. Feromon yayicilarin
yant sira aerosol sistemlerinin gelistirilmesi, zararl popiilasyonunun daha hassas izlenmesine
olanak saglayacak akilli tuzaklarin kullanilmasi ve dijital goriintiileme teknolojilerinden
yararlanilmasi miicadele programlarinin etkinligini artirabilir. Ayrica meteorolojik veriler,
zararl gelisim donemleri ve popiilasyon yogunluklarinin birlikte degerlendirilmesi, miicadele
zamaninin daha dogru belirlenmesine katki saglayacaktir.

Tiirkiye'de farkli bagcilik bolgelerinde yerel kosullara uygun biyoteknik miicadele
programlarinin gelistirilmesi, bu yontemlerin etkinliginin ve ekonomik uygulanabilirliginin
artirilmasi agisindan 6nemlidir. Gelecekte sensor teknolojileri, uzaktan izleme, goriintii isleme
ve karar destek sistemlerinin biyoteknik miicadeleyle biitlinlestirilmesi, Salkim giivesinin daha
hassas, ekonomik ve siirdiiriilebilir sekilde yonetilmesine katki saglayacaktir.
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OZET

Bocekler, ekosistemlerin isleyisinde besin zincirlerinin dnemli bir bileseni olmakla birlikte,
poptilasyon biiyiikliikleri ¢esitli biyotik faktdrlerin etkisi altinda siirekli olarak degismektedir.
Boceklerin ¢ogalmasini ve popiilasyon yogunluklarini sinirlandiran biyotik faktorler arasinda
ozellikle avcilar, parazitoitler, patojenler, rekabet, besin kaynaklarinin yetersizligi ve konukgu-
bitki etkilesimleri 6nemli bir yere sahiptir. Avci organizmalar, boceklerin yumurta, larva, nimf
ve ergin donemlerinde bireyleri tiikketerek popiilasyonlarin artis hizin1 dogrudan azaltmaktadir.
Parazitoitler ise 6zellikle yumurta, larva ve pupa donemlerinde konukgularmi kullanarak
gelisimlerini tamamlamakta ve konuk¢unun 6liimiine neden olarak bdcek popiilasyonlarinin
baskilanmasinda 6nemli rol oynamaktadir. Bakteri, virlis, fungus ve nematod gibi
entomopatojenler de boceklerde hastaliklara neden olarak yagam siiresini, ireme basarisini ve
popiilasyon yogunlugunu olumsuz yonde etkileyebilmektedir. Bunun yaninda, ayni veya farkl
tirlere ait bireyler arasindaki rekabet; besin, barinak, tireme alan1 ve diger sinirli kaynaklarin
paylasilmasi nedeniyle boceklerin gelisme ve lireme performansini azaltabilmektedir. Bitkilerin
savunma mekanizmalar1 da fitofag boceklerin beslenmesini ve g¢ogalmasini sinirlandiran
onemli biyotik etkilesimler arasinda yer almaktadir. Bu faktorlerin etkisi tek basina veya
birlikte ortaya ¢ikabilmekte ve bocek popiilasyonlarinin ekosistemde belirli bir denge igerisinde
kalmasina katki saglamaktadir. Sonug olarak, biyotik faktorlerin bocek popiilasyonlarinin
diizenlenmesindeki roliiniin anlagilmasi, ekolojik denge ve siirdiiriilebilir zararli yonetimi
acisindan bilyiik 6nem tasimaktadir.

Anahtar Kelimeler: Bocek popiilasyonlari, biyotik faktorler, avcilar, parazitoitler,
entomopatojenler.

BIOTIC FACTORS ADVERSELY AFFECTING INSECT REPRODUCTION IN
AGRICULTURAL ECOSYSTEMS

Abstract

Insects are an important component of food webs and play essential roles in the functioning of
ecosystems; however, their population sizes continuously fluctuate under the influence of
various biotic factors. Among the major biotic factors that limit insect reproduction and
population densities are predators, parasitoids, pathogens, competition, limited food resources,
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and host plant-insect interactions. Predators directly reduce the rate of population increase by
consuming insects during different developmental stages, including eggs, larvae, nymphs, and
adults. Parasitoids, on the other hand, utilize their hosts, particularly during the egg, larval, and
pupal stages, to complete their development and ultimately cause host mortality, thereby
contributing significantly to the suppression of insect populations. Entomopathogenic
organisms, including bacteria, viruses, fungi, and nematodes, can adversely affect insect
populations by causing diseases that reduce longevity, reproductive success, and population
density. In addition, competition among individuals of the same or different species may reduce
insect growth and reproductive performance due to the limited availability of food, shelter,
breeding sites, and other essential resources. Plant defense mechanisms also constitute
important biotic interactions that restrict feeding and reproduction in phytophagous insects.
These factors may act independently or interact synergistically, contributing to the maintenance
of insect populations within a dynamic ecological balance. Therefore, understanding the role of
biotic factors in regulating insect populations is of considerable importance for maintaining
ecological stability and developing sustainable pest management strategies.

Keywords: Insect populations, biotic factors, predators, parasitoids, entomopathogens.

TARIMSAL EKOSISTEMDE BOCEKLERIN COGALMASINI OLUMSUZ
ETKILEYEN BiYOTIiK FAKTORLER

1. GIRiS

Bocekler, ekosistemlerin biyolojik cesitliligi ve isleyisi agisindan 6nemli canli gruplarindan
biridir. Besin zincirlerinde birincil tiiketici, ikincil tiiketici veya ayristiricilarla iliskili
organizmalar olarak gdrev yapan bdcekler; tozlagsma, organik maddelerin par¢alanmasi, besin
elementlerinin dongiisii ve diger canlilar arasindaki enerji transferi gibi ¢ok sayida ekolojik
stirecte rol almaktadir. Bununla birlikte bocek popiilasyonlarinin biiytikligi ve dagilimu,
cevresel kosullarin etkisiyle siirekli olarak degismektedir. Bu degisimde sicaklik, nem, yagis ve
151k gibi abiyotik faktorlerin yani sira predatdrler, parazitoitler, entomopatojenler, rakip
organizmalar, besin kaynaklarinin smirliligi ve konukcu bitkilerin 6zellikleri gibi biyotik
faktorler de 6nemli rol oynamaktadir.

Bocek popiilasyonlarinin diizenlenmesinde 6zellikle dogal diismanlar 6nemli bir yere sahiptir.
Predatorler ve parazitoitler, boceklerin farkli gelisme donemlerinde meydana getirdikleri 6lim
oranlarin1 artirarak popiilasyonlarin biiyiimesini sinirlandirmaktadir. Biyotik faktorler
icerisinde entomopatojenler de bdcek popilasyonlarinin sinirlandirilmasinda 6nemli bir yere
sahiptir. Bakteri, fungus, virlis ve nematodlar gibi entomopatojenler, konukgularinda
hastaliklara neden olarak gelisme, yasam siiresi ve {lireme basarisini azaltabilmektedir.
Yuriiinda entomopatojenlerin parazitoitlerle birlikte kullanilmasinin biyolojik miicadelede
onemli firsatlar sundugunu gostermektedir (Koller et al., 2023). Ayrica, bocekler arasindaki tiir
ici ve tiirler arasi rekabet; besin, yasam alani1 ve lireme kaynaklarinin sinirli olmasi durumunda
popllasyon biiyiikliigiiniin azalmasina neden olabilmektedir. Bu nedenle biyotik faktorlerin
birlikte degerlendirilmesi, bocek popiilasyon dinamiklerinin ve ekosistem igerisindeki dogal
denge mekanizmalarinin anlasilmasi agisindan 6nem tasimaktadir. Bu nedenle s6z konusu
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organizmalar ekosistemlerde dogal popiilasyon diizenleyicileri olarak degerlendirilmektedir.
Biyolojik miicadele kavrami da biiyiik Olciide bu dogal baski mekanizmalarindan
yararlanilmasi esasina dayanmaktadir (Uygun et al., 2016; Kilinger et al., 2010).

Bocek popiilasyonlarinin diizenlenmesi yalnizca dogal diismanlarin dogrudan etkileriyle
aciklanamamaktadir. Bocekler arasindaki tiir ici ve tiirler arasi rekabet, konukcu bitkinin besin
kalitesi ve savunma mekanizmalari ile besin kaynaklarinin miktar1 da popiilasyon biiylmesini
sinirlandirabilmektedir. Tiirkiye'de farkli tarimsal ekosistemlerde gerceklestirilen caligmalar,
bocek popiilasyonlarinin dogal diismanlar tarafindan onemli O&lgiide baskilanabildigini
gostermektedir. Ornegin Diyarbakir ve Elaz1g illerindeki meyve bahgelerinde yiritiilen bir
calismada Coccidae tiirleri lizerinde sekiz predator, 14 parazitoit ve iki hiperparazitoit tiir
belirlenmistir (Giilmez et al., 2023). Benzer sekilde Diyarbakir, Elazi§ ve Mardin illerindeki
bag alanlarinda Cicadellidae tiirleriyle iliskili 19 predator tir ile yumurta parazitoitleri
belirlenmistir (Ozgen & Karsavuran, 2016). Avcilar ve parazitoitler, boceklerin farkli gelisme
donemlerinde meydana getirdikleri Oliim oranlari yoluyla popiilasyon artisint dogrudan
sinirlandirmaktadir. Tiirkiye’de yiiriitiilen calismalar, tarimsal ekosistemlerde c¢ok sayida
predatér ve parazitoit tlirliniin zararli bocek popiilasyonlarini baskilayabildigini ortaya
koymaktadir. Kilinger ve ark. (2010), predatorler, parazitoitler ve entomopatojenlerin zararl
popiilasyonlarinin dogal olarak baskilanmasinda O6nemli biyolojik miicadele etmenleri
oldugunu bildirmistir. Benzer sekilde, Tirkiye’nin kuzeybatisindaki muisir alanlarinda
gerceklestirilen bir arastirmada farkli zararli bocek tiirleri ile birlikte ¢ok sayida dogal diisman
tlriiniin bulundugu belirlenmis ve bu tiirlerin tarimsal ekosistemlerdeki biyolojik miicadele
potansiyeline dikkat ¢ekilmistir (Koca ve Kagar, 2024).

Bu ¢alismanin amaci, ekosistemlerde boceklerin ¢ogalmasini olumsuz etkileyen baslica biyotik
faktorleri; predasyon, parazitizm, entomopatojenler, rekabet, besin kaynaklarinin sinirlilig,
konukgu bitki 6zellikleri ve ¢coklu biyotik etkilesimler kapsaminda degerlendirmektir. Ayrica
Tiirkiye'de gergeklestirilen arastirmalar ile yabanci literatiir birlikte ele alinarak bu faktorlerin
ekolojik denge ve biyolojik miicadele agisindan 6nemi ortaya konulmustur.

2. GELISME
2.1. Bocek Populasyon Dinamiklerinde Biyotik Faktorlerin Onemi

Popiilasyon biiytikliigii, belirli bir zaman ve alanda bulunan bireylerin sayist1 ile ifade edilmekte
ve dogum, Oliim, gé¢ ve goc alma gibi siireclerin etkisi altinda degismektedir. Boceklerde
ozellikle kisa yasam dongiisii, yliksek lireme kapasitesi ve bircok tiiriin ¢ok sayida dol
verebilmesi nedeniyle popiilasyon yogunluklari kisa zaman igerisinde dnemli degisiklikler
gosterebilmektedir. Ancak dogal kosullarda hicbir bocek popiilasyonu sinirsiz bigimde
bliylimemektedir. Kaynaklarin sinirli olmasi ve diger organizmalarla gerceklesen biyotik
etkilesimler popiilasyon artigini1 sinirlandirmaktadir.

Biyotik faktorler yogunluga bagli ve yogunluktan bagimsiz olarak degerlendirilebilir. Rekabet,
predasyon ve parazitizm gibi faktorlerin etkisi ¢ogunlukla popiilasyon yogunlugu arttik¢a
giiclenmektedir. Ornegin bir bécek popiilasyonunun yogunlugu yiikseldiginde ayni besin
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kaynagindan yararlanan bireylerin sayis1 artmakta ve rekabet siddetlenmektedir. Benzer sekilde
konuk¢u yogunlugunun artmasi, bazi parazitoit ve predatorlerin konukgularini bulma olasiligini
artirabilmektedir.

Ekolojik sistemlerde bu iliskiler birbirinden bagimsiz degildir. Bir herbivor bdcegin
poptilasyonu, ayni anda hem konukgu bitkinin savunma mekanizmalart hem de predator ve
parazitoitlerin  baskis1 altinda bulunabilir. Bu nedenle bdcek popiilasyonlarinin
dizenlenmesinde tek bir faktorin etkisinden ziyade faktorler arasindaki etkilesimlerin
degerlendirilmesi daha gergekei bir yaklasim saglamaktadir. Ozellikle dogal diismanlar, bocek
popiilasyonlarinin yogunlugunun smirlandirilmasinda 6nemli bir role sahiptir. Ekolojik
sistemlerde predatdr ve parazitoitlerin olusturdugu “yukaridan asagiya” (top-down) kontrol
mekanizmasi, otcul boceklerin popiilasyonlarinin baskilanmasina katki saglamaktadir. Bununla
birlikte, bocek popiilasyonlarinin yalnizca dogal diismanlar tarafindan diizenlenmedigi;
kaynaklarin miktar1 ve Kkalitesinin de (“asagidan yukariya”, bottom-up) populasyon
dinamiklerini 6nemli 6l¢tlide etkiledigi belirtilmektedir (Rosenheim, 1998). Price ve arkadaslari
(1980), bitki—herbivor—dogal diisman iliskilerinin ti¢ trofik diizey arasindaki karsilikli
etkilesimlerden olustugunu vurgulamistir. Daha sonraki ¢alismalar da bitki 6zellikleri ile dogal
diismanlarin birlikte herbivor popiilasyonlarini sekillendirdigini ortaya koymustur (Hunter &
Price, 1992; Schmitz et al., 2000). Bu nedenle boceklerin ¢ogalmasini olumsuz etkileyen
biyotik faktorlerin degerlendirilmesinde tek bir etkilesime odaklanmak yerine, ayni
ekosistemde meydana gelen ¢oklu biyotik iliskilerin birlikte ele alinmasi gerekmektedir.

2.2. Predasyon

Predasyon, bir organizmanin bagka bir organizmay1 yakalayarak tiiketmesi seklinde tanimlanan
biyotik etkilesimdir. Bocek ekolojisinde predasyon, popiilasyonlarin diizenlenmesinde en
onemli 6liim faktorlerinden biridir. Predatorler, avlarini genellikle yasamlarinin birden fazla
doneminde tiiketmekte ve bir yasam siiresi boyunca ¢ok sayida av bireyinin 6liimiine neden
olabilmektedir. Bocekler icerisinde Coccinellidae, Chrysopidae, Syrphidae ve baz1 Hemiptera
gruplar1 6nemli predatorler arasinda yer almaktadir. Ayrica 6riimcekler, baz1 akarlar, kuslar ve
diger bocekcil hayvanlar da bocek popiilasyonlart iizerinde Onemli predasyon baskisi
olusturabilmektedir.

Predatorlerin etkisi yalnizca av bireylerinin dogrudan tiiketilmesiyle sinirli degildir. Bir
predatoriin varligi, av boceklerinin davraniglarini da degistirebilir. Av bireyleri predatdrlerden
kaginmak amaciyla beslenme faaliyetlerini azaltabilir, farkli mikrohabitatlara gegebilir veya
tireme davraniglarini degistirebilir. Boylece predatorlerin etkisi dogrudan 6liimiin yani sira
dolayli davranigsal etkiler seklinde de ortaya ¢ikabilmektedir.

Tiirkiye'de yapilan ¢aligmalar, tarimsal alanlarda 6nemli predator cesitliliginin bulundugunu
gostermektedir. Glilmez ve arkadaslar1 (2023), Diyarbakir ve Elazig'daki meyve bahgelerinde
Coccidae turleri tzerinde Coccinellidae, Cybocephalidae, Forficulidae ve Chrysopidae
familyalarina ait sekiz predator tiir belirlemistir. Aydin ilinde gergeklestirilen baska bir
caligmada ise unlubitlerle bulasik 22 farkli konukgu bitki iizerinde Coccinellidae familyasina
ait 10 predator tiir saptanmistir (Yerlikaya et al., 2023). Telli ve Yigit (2016) tarafindan
gerceklestirilen ¢alismada ise Planococcus citri ile beslenen Cryptolaemus montrouzieri,
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Exochomus quadripustulatus ve Nephus includens tiirlerinin av tiiketim 6zellikleri incelenmis
ve predatorlerin av yogunluguna bagli tepkileri degerlendirilmistir.

Predator ¢esitliliginin artmasi bazi durumlarda herbivor popiilasyonlarinin daha gii¢lii bigimde
baskilanmasini saglayabilir. Bununla birlikte predatorler arasinda rekabet ve birbirlerini
tiikketme gibi etkilesimler de goriilebilir. Finke ve Denno (2004), predatdr gesitliliginin trofik
kaskadlarin siddetini degistirebildigini gostermistir.

2.3. Parazitoitler

Parazitoitler, bocek popiilasyonlarinin dogal olarak sinirlandirilmasinda énemli rol oynayan
biyotik faktorlerdir. Ozellikle Hymenoptera ve Diptera takimlar1 igerisinde cok sayida
parazitoit tiir bulunmaktadir. Parazitoitler, konukgularinin yumurta, larva, nimf, pupa veya
ergin donemlerini kullanabilmektedir. Gelisimlerini konukgu {izerinde veya igerisinde
tamamlayan parazitoitlerin yasam dongiisiiniin sonunda konuk¢u c¢ogunlukla 6liir.
Parazitoitlerin bocek popiilasyonlarini sinirlandirmasinda konukc¢u bulma yetenegi énemli bir
faktordiir. Disi parazitoitler, konukcularini gorsel, kimyasal veya diger duyusal ipuclar
yardimiyla bulabilmektedir. Konuk¢u yogunlugu arttikca parazitoitlerin konukguyla karsilagsma
olasiligi da artabilmektedir. Bu durum, ozellikle yogunlugu yiikselen zararli bdcek
poplilasyonlarinin baskilanmasina katki saglayabilmektedir. Yumurta parazitoitleri biyolojik
mucadelede 6zel bir 6neme sahiptir. Clinkii yumurtanin parazitlenmesi sonucunda zararl bocek
daha larva donemine ulagsmadan popiilasyon kaybi1 meydana gelmektedir. Tiirkiye'de domates
glvesi Tuta absoluta iizerinde gergeklestirilen ¢alismalarda Trichogramma brassicae yumurta
parazitoiti ile Nesidiocoris tenuis predatoriiniin etkinligi arastirtlmistir. Calismada dogal
diisman uygulamalarinin kontrol uygulamasina gore zararli baskisini azaltabildigi ortaya
konmustur (Giiven et al., 2017). Tiirkiye'de farkli tarimsal ekosistemlerde yapilan calismalar,
cok sayida parazitoit tiiriiniin zararli boceklerle iligkili oldugunu gostermektedir. Diyarbakir ve
Elazig'daki meyve bahgelerinde Coccidae tiirleri lizerinde gergeklestirilen arastirmada 14
parazitoit ve iki hiperparazitoit tiri tespit edilmistir (Giilmez vd., 2023). Diyarbakir, Elaz1g ve
Mardin bag alanlarinda Cicadellidae tiirlerinin dogal diismanlarinin arastirildig1 ¢calismada da
Trichogrammatidae familyasina bagli bir yumurta parazitoiti elde edilmistir (Ozgen &
Karsavuran, 2016). Duzce ilinde Hyphantria cunea iizerinde yapilan arastirmada ise
Trichogramma brassicae, Chouioia cunea, Baryscapus sp., Apanteles hyphantriae, Hyposoter
sp., Pales pavida ve Exorista larvarum gibi c¢esitli parazitoitler ile Chrysoperla carnea
predatori belirlenmistir (Aver et al., 2022).

Parazitoitlerin  etkisi bazi  durumlarda hiperparazitoitler tarafindan azaltilabilir.
Hiperparazitoitler bagka bir parazitoit lizerinde geliserek ikinci diizeyde bir biyotik etkilesim
meydana getirir. Bu nedenle bir zararl1 popiilasyonunun baskilanmasinda yalnizca birinci diizey
dogal diismanlarin degil, besin agindaki daha st trofik diizeylerin de dikkate alinmasi
gerekmektedir. Parazitoitlerin kendileri de hiperparazitoitler ve predatorler tarafindan
baskilanabilmektedir. Rosenheim (1998), dogal diismanlarin da baska predator, parazitoit ve
patojenlerin hedefi olabilecegini ve bu durumun dogal diismanlarin zararli popiilasyonlari
tizerindeki kontrol giiciinii degistirebilecegini bildirmistir

2.4. Entomopatojenler
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Bocekleri hastalandiran mikroorganizmalar ve diger patojenik organizmalar entomopatojenler
olarak adlandirilmaktadir. Bakteriler, funguslar, virlisler ve entomopatojen nematodlar bocek
poptilasyonlarinin dogal olarak sinirlandirilmasinda rol oynayan 6nemli biyotik faktorlerdir.

Entomopatojen funguslar icerisinde Beauveria, Metarhizium, Isaria ve benzeri cinsler 6nemli
biyolojik miicadele etmenleri olarak degerlendirilmektedir. Funguslar, bazi durumlarda
boceklerin viicut yiizeyinden konaga giris yapabilmeleri nedeniyle diger patojen gruplarindan
farkl1 bir 6zellige sahiptir.

Bakteriyel entomopatojenler icerisinde Bacillus thuringiensis 6zellikle Lepidoptera larvalarina
kars1 biyolojik miicadelede yaygin olarak kullanilan organizmalardan biridir. Viriisler arasinda
ise 0zellikle baculoviruslar birgok Lepidoptera tiiriiniin popiilasyonlarinin sinirlandirilmasinda
Oonem tasimaktadir.

Entomopatojen nematodlar da toprak ekosistemlerinde bocek larvalarini etkileyebilmektedir.
Lewis ve arkadaglar1 (2006), entomopatojen nematodlarin toprak besin aglarinda yaygin bocek
tiketicileri oldugunu ve biyolojik miicadele agisindan 6nemli potansiyele sahip olduklarini
belirtmistir. Tiirkiye'de Baki ve Erler (2023) tarafindan gerceklestirilen arasgtirmada bazi
entomopatojen funguslarin pamuk yaprakbiti Aphis gossypii (zerindeki biyolojik miicadele
potansiyeli arastirilmistir. Bu tiir calismalar, yerel entomopatojenlerin belirlenmesinin
stirdiiriilebilir zararli yonetimi bakimindan 6nem tasidigini gostermektedir.

Entomopatojenlerin etkinligi konuk¢u yogunlugu, bocegin gelisme donemi, patojenin viriilanst
ve cevresel kosullar gibi bir¢ok faktdre baghidir. Bu nedenle entomopatojenlerin dogal
ekosistemlerdeki etkileri yalnizca hastalik meydana getirme kapasitesi ile degil, konukcu ve
diger dogal diismanlarla olan iligkileriyle birlikte degerlendirilmelidir.

2.5. Rekabet

Rekabet, ayn1 sinirli kaynagi kullanmak isteyen organizmalar arasinda ortaya ¢ikan 6nemli bir
biyotik etkilesimdir. Boceklerde rekabet; besin, konukeu bitki, barinma alani, yuamurtlama alani
ve es gibi kaynaklar i¢in gerceklesebilir.

Tiir i¢i rekabet, ayni tiiriin bireyleri arasinda ortaya ¢ikmaktadir. Popiilasyon yogunlugu arttikca
ayni kaynak iizerinde bulunan bireylerin sayis1 yilikselmekte ve birey basina diisen kaynak
miktari azalmaktadir. Ozellikle larva ddneminde besin miktarinin sinirli olmasi gelisme siiresini
uzatabilir ve ergin bireylerin Greme kapasitesini azaltabilir.

Tiirler aras1 rekabet ise farkl: tlirlerin ayn1 kaynagi kullanmas1 durumunda ortaya ¢ikmaktadir.
Ornegin aym konukeu bitkide beslenen iki fitofag bdcek tiirii arasinda besin icin rekabet
meydana gelebilir. Bir tiirlin yogunlugunun artmasi diger tiiriin gelisimini ve popiilasyon
biiylikligiinii siirlandirabilir. Rekabetin bocek popiilasyonlar iizerindeki etkisi 6zellikle
kaynaklarin sinirlt oldugu ekosistemlerde 6nem kazanmaktadir. Monokiiltiir tarim alanlarinda
belirli bir konukgu bitkinin siirekli bulunmasi bazi zararlilarin popiilasyonlarini artirabilirken,
ayni1 kaynak {izerinde yiiksek birey yogunlugunun olusmasi tiir i¢i rekabeti de artirabilir. Bunun
yaninda boceklerin ayni konukcu tizerinde farkli beslenme bolgelerini kullanmasi rekabeti
azaltabilir. Ornegin baz tiirlerin yapraklarda, bazilarmin koklerde ve digerlerinin meyve veya
govdelerde beslenmesi kaynak paylasimini kolaylagtirabilmektedir.
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2.6. Besin Kaynaklarimin Miktar1 ve Kalitesi

Boceklerin biiylime ve ¢cogalmasi i¢in yeterli miktarda ve uygun kalitede besin gerekmektedir.
Besin kaynaklarinin azalmasi, bireylerin gelisimini yavaslatabilir ve iireme basarisini
diisiirebilir. Fitofag boceklerde konukgu bitkinin azot igerigi, su durumu, karbonhidrat miktari
ve ikincil metabolitleri gelisme ve liremeyi etkileyen temel 6zellikler arasindadir. Yeterli besin
alamayan larvalarda gelisme siiresi uzayabilir, 6liim orani artabilir ve erginlerin yumurta
birakma kapasitesi azalabilir.

Boceklerin besin kalitesi ile dogal diismanlar1 arasindaki iligkiler de 6nemlidir. Konukg¢u
bitkinin besin igerigi herbivorun biinyesini degistirebildigi i¢in ayni zamanda herbivorla
beslenen predator ve parazitoitlerin performansini da etkileyebilir. Bu durum, bitki—herbivor—
dogal diisman arasindaki ti¢lii etkilesimin 6nemli bir bilesenidir. Price ve arkadaslart (1980)
bitkilerin herbivorlarin beslenme basarisini etkileyerek dolayli bi¢imde dogal diismanlarin
performansin1 degistirebildigini belirtmistir. Bu nedenle besin kaynaklarinin niteligi, bocek
poptilasyonlarinin diizenlenmesinde dogrudan ve dolayl etkiler meydana getirebilir.

2.7. Konukc¢u Bitkilerin Savunma Mekanizmalari

Fitofag bocekler agisindan konukgu bitkinin varligi, kalitesi ve savunma mekanizmalari
popiilasyon gelisimini dogrudan etkileyen biyotik faktorlerdir. Bitkiler, herbivor boceklere
karsi fiziksel ve kimyasal savunma mekanizmalar1 gelistirmistir. Trikomlar, kalin epidermis ve
sert dokular fiziksel savunmaya; alkaloidler, terpenoidler, fenolik bilesikler ve diger ikincil
metabolitler ise kimyasal savunmaya 6rnek olarak verilebilir.

Bitkinin besin icerigi de boceklerin gelisme ve lireme basarisinda belirleyici olmaktadir.
Konuk¢u bitkinin azot, karbonhidrat ve su igerigi bocek larvalarimin gelisimini
etkileyebilmektedir. Bunun yaninda bitkinin yaslanmasi, stres durumu ve fenolojik donemi de
bdceklerin beslenme tercihlerini degistirebilmektedir.

Bu nedenle bocek popiilasyonlarinin yalnizca dogal diismanlar tarafindan kontrol edildigi
diistiniilmemelidir. Rosenheim (1998), herbivor boceklerin popiilasyon dinamiklerinde dogal
diismanlarin yani sira kaynaklarin ve konukgu bitkilerin de 6nemli rol oynadigini vurgulamistir.
Bu savunma bilesikleri boceklerin beslenme davranislarini degistirebilir veya gelisme ve lireme
basarisini azaltabilir. Bazi bitkiler ayrica herbivor saldiris1 sonucunda ugucu organik bilesikler
salgilayarak dogal diismanlar1 ¢ekebilmektedir. Boylece bitkinin savunmasit dogrudan
herbivora kars1 ger¢eklesirken, ayn1 zamanda predator ve parazitoitlerin sisteme dahil olmasini
saglayan dolayli bir mekanizma olusturabilmektedir.

Bu iligki, ekosistemlerde biyotik faktorlerin birbirleriyle ne kadar gii¢lii bicimde baglantili
oldugunu gostermektedir. Bitki savunmasi yalnizca herbivorun poptilasyonunu azaltmakla
kalmamakta, ayn1 zamanda dogal diismanlarin davranisini da etkileyebilmektedir.

2.8. Alternatif Av ve Konukc¢ularim Onemi

Predator ve parazitoitlerin ekosistem igerisinde uzun siire varliklarini siirdiirebilmeleri i¢in
hedef zararl disinda alternatif besin kaynaklarina ihtiya¢ duyabilmeleri 6nemli bir konudur.

135



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

Ozellikle zararli bocek popiilasyonlarinin diisiik oldugu dénemlerde alternatif avlarin
bulunmasi predatdrlerin yasamini siirdiirmesine yardimci olabilir. Benzer sekilde parazitoitler
icin alternatif konukgularin bulunmasi, dogal diisman popiilasyonlarinin tarimsal alanlarda
korunmasini saglayabilir.

Kiitiik ve Yigit (2016), biyolojik miicadelenin basarisinda alternatif av ve konukgularin yani
sira dogal diismanlarin kislama alanlarinin korunmasinin énemini vurgulamistir. Bu nedenle
tarimsal ekosistemlerde yalnizca zararl tiirlerin degil, dogal diismanlarin yasam alanlarinin da
korunmasi gerekmektedir. Cicekli bitkilerin, ¢itlerin, dogal bitki Ortilisliniin ve uygun kislama
alanlarinin korunmasi dogal diigmanlarin popiilasyonlarini destekleyebilir.

2.9. Hiperparazitizm ve Dogal Diismanlar Arasindaki Etkilesimler

Biyotik faktorler arasindaki iligkiler yalnizca zararli bocek ile dogal diismani arasindaki
etkilesimle siirli degildir. Dogal diismanlarin kendileri de baska organizmalar tarafindan
tlketilebilir veya parazitlenebilir. Hiperparazitoitler, birincil parazitoitlerin Uzerinde veya
icerisinde geliserek onlarin popiilasyonlarini sinirlandirabilir. Bu durum, zararli bocegin dogal
diisman baskisindan kagmasina ve popiilasyonunun yeniden artmasina yol agabilir.

Giilmez ve arkadaglar1 (2023) Diyarbakir ve Elazig meyve bahgelerinde Coccidae tiirleri
iizerinde 14 parazitoit ve iki hiperparazitoit tiir belirlemistir. Bu bulgu, tarimsal ekosistemlerde
dogal diisman topluluklarinin ¢ok katmanli bir yapiya sahip oldugunu gostermektedir.
Dolayistyla biyolojik miicadele programlarinda yalnizca hedef zararl ile miicadele eden dogal
diismanin belirlenmesi yeterli degildir. Dogal diismanin diger organizmalarla olan iliskilerinin
de dikkate alinmasi gerekmektedir.

2.10. Biyotik Faktorlerin Birlikte Etkisi ve Besin Ag Tliskileri

Dogal ortamlarda predasyon, parazitizm, hastalik ve rekabet birbirinden bagimsiz olarak
gergceklesmemektedir. Ayni bocek bireyi veya popiilasyonu yasam dongusi boyunca birden
fazla biyotik faktdriin etkisi altinda kalabilmektedir. Ornegin bir fitofag bocek hem bir predatdr
tarafindan tiiketilebilir hem de bir parazitoit tarafindan enfekte edilebilir veya ayni1 konukg¢u
bitki tizerindeki diger herbivorlarla rekabet edebilir.

Dogal diismanlar arasindaki etkilesimler de bodcek popiilasyonlarinin diizenlenmesinde
onemlidir. Predatorlerin parazitoitleri tiiketmesi, hiperparazitoitlerin parazitoitler: baskilamasi
veya bir patojenin konukc¢u bdcegin savunma mekanizmalarini degistirmesi, biyolojik
kontroliin etkinligini etkileyebilmektedir. Rosenheim (1998), dogal diismanlarin da kendi dogal
diismanlar1 tarafindan baskilanabildigini ve bu nedenle dogal diigman topluluklarinin daha
genis bir besin ag1 igerisinde degerlendirilmesi gerektigini belirtmistir.

Tiirkiye'deki ¢alismalar da bu karmasik iliskilerin tarimsal alanlarda mevcut oldugunu ortaya
koymaktadir. Diyarbakir ve Elazig'daki meyve bahgelerinde ayni zararli grup tlizerinde hem
predator, hem parazitoit hem de hiperparazitoitlerin belirlenmis olmasi, tek bir zararl tiiriin gok
sayida biyotik etkilesim icerisinde bulunabilecegini gostermektedir (Giilmez vd., 2023).
Bununla birlikte besin aglarinin karmasikligi, bir dogal diismanin etkisinin bagka bir dogal
diisman tarafindan degistirilmesine neden olabilir. Finke ve Denno (2004), predator
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cesitliliginin besin ag1 yapisin1 degistirerek trofik etkilerin siddetini etkileyebilecegini
gostermistir.

2.11. Biyotik Faktorlerin Biyolojik Miicadeledeki Onemi

Boceklerin ¢ogalmasini dogal olarak siirlandiran biyotik faktorlerin anlasilmasi, biyolojik
miicadele caligmalarinin temelini olusturmaktadir. Biyolojik miicadelede predatdr, parazitoit ve
entomopatojenlerden yararlanilarak zararli popiilasyonlarinin ekonomik zarar diizeyinin altinda
tutulmasi amaclanmaktadir.

Tiirkiye'de biyolojik miicadele konusunda yapilan ¢alismalar, farkli tarimsal ekosistemlerde
dogal diismanlarin 6nemli bir potansiyele sahip oldugunu gostermektedir. Uygun ve arkadaslar
(2016), biyolojik miicadelede kullanilan canli gruplar1 ve dogal biyolojik miicadele
mekanizmalarini kapsamli bicimde degerlendirmistir. Giiven ve arkadaslarinin (2017) Tuta
absoluta tizerinde gergeklestirdigi calismada Trichogramma brassicae ve Nesidiocoris tenuis
kullanilarak yapilan uygulamalarin zararli popiilasyonu ve bitki zararmi azaltabildigi
gosterilmistir. Benzer sekilde Baki ve Erler (2023), entomopatojen funguslarin Aphis gossypii
iizerindeki biyolojik miicadele potansiyelini ortaya koymustur.

Bu sonuglar, dogal biyotik faktorlerin yalnizca ekolojik agidan degil, siirdiiriilebilir tarim
acisindan da oOnemli oldugunu gostermektedir. Kimyasal miicadeleye asirt bagimliligin
azaltilmas1 ve dogal diismanlarin korunmasi, tarimsal ekosistemlerde biyolojik cesitliligin
devamliligina katki saglayabilir.

2.12. Tarimsal Ekosistemlerde Biyotik Faktorlerin Korunmasi

Tarim alanlarinda pestisitlerin yogun ve yanlis kullanimi dogal diismanlarin popiilasyonlarini
olumsuz etkileyebilmektedir. Ozellikle genis spektrumlu insektisitler yalnizca hedef zararlilarin
degil, predator ve parazitoitlerin de 6liimiine neden olabilir. Bunun sonucunda dogal diigman
baskisinin azalmasi, baz1 zararl tiirlerin yeniden hizli bi¢imde ¢ogalmasina yol agabilir. Bu
nedenle Entegre Zararli Yonetimi (IPM) yaklagiminda dogal diismanlarin korunmasi temel
ilkelerden biridir. Zararlinin ekonomik zarar esigi dikkate alinmali, dogal diismanlarin varligi
izlenmeli ve miimkiin oldugunca secici miicadele yontemleri tercih edilmelidir. Kilinger ve
arkadaglar1 (2010), biyolojik miicadelenin dogal popiilasyon baski mekanizmalarindan
yararlanmas1 bakimindan siirdiiriilebilir zararli yonetiminde 6nemli bir yere sahip oldugunu
belirtmistir. Bu yaklasimda tarimsal alanlarin g¢evresindeki dogal habitatlarin korunmasi,
alternatif besin kaynaklarinin saglanmasi ve dogal diigmanlarin kislama alanlarinin muhafaza
edilmesi de 6nemlidir. Boylece predatdr ve parazitoitlerin tarimsal ekosistem igerisinde siirekli
bulunmasi desteklenebilir.

3-SONUC

Bocek popiilasyonlarinin biiyiimesi ve ¢ogalmasi, ekosistem igerisindeki ¢ok sayida biyotik
faktoriin etkisi altinda gergeklesmektedir. Predatorler, parazitoitler, entomopatojenler, rekabet,
besin kaynaklarmin smirliligit ve konukcu bitkilerin savunma mekanizmalari, bdcek
popiilasyonlarinin dogal olarak sinirlandirilmasinda 6nemli rol oynamaktadir.
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Predatér ve parazitoitler dogrudan oOliim oranlarimi artirarak bdcek popiilasyonlarinin
yogunlugunu azaltirken, entomopatojenler hastalik olusturarak gelisme ve lireme basarisini
diisiirmektedir. Rekabet ise 6zellikle yliksek popiilasyon yogunluklarinda besin ve yasam alani
kaynaklarinin bireyler arasinda paylasilmasini zorlastirmaktadir. Bunun yaninda konukg¢u
bitkilerin fiziksel ve kimyasal savunmalari, fitofag bdceklerin beslenmesini ve ¢ogalmasini
sinirlandirabilmektedir.

Sonug olarak, bocek popiilasyonlarimin diizenlenmesinde biyotik faktorler tek tek degil,
birbirleriyle etkilesim igerisinde bulunan ¢ok katmanli bir ekolojik sistem olarak
degerlendirilmelidir. Predatér—av, parazitoit—konukcgu, bitki—herbivor ve patojen—konukcu
iliskilerinin yanm sira rekabet ve hiperparazitizm gibi etkilesimler de dikkate alinmalidir.
Biyotik faktorlerin korunmasi, ekosistem dengesinin siirdiiriilmesinin yaninda siirdiiriilebilir
tarimsal {iretim agisindan da &nemlidir. Ozellikle dogal diismanlarin korunmasma dayal
biyolojik micadele ve entegre zararli yonetimi uygulamalarinin yayginlastirilmasi, zararl
bdcek popiilasyonlariin ekonomik zarar diizeylerinin altinda tutulmasina katki saglayabilir.
Bu nedenle gelecekte yapilacak arastirmalarda yalnizca tek bir zararhi tiiriin degil, bitki—
herbivor—predator—parazitoit—patojen arasindaki biitiinciil besin ag iligkilerinin arastirilmasi
onem tasgimaktadir. Bu yaklasim, hem ekolojik dengenin anlasilmasina hem de kimyasal
miicadeleye olan bagimliligin azaltilmasi ve siirdiiriilebilir biyolojik miicadele programlarinin
gelistirilmesine katki saglayacaktir.
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ABSTRACT

The institutionalization of the Veterinary profession and the inception of modern scientific
training in the field date back to the 20th century. The importance of this profession is growing
day by day, driven particularly by the rising demand for safe animal-based food resulting from
population growth both globally and within our country. Within the framework of the "One
Health" approach, the digital artificial intelligence revolution worldwide will support not only
animal health but also public health and environmental sustainability. As in every professional
field, advancements in technology and artificial intelligence applications have rendered
traditional methods long the standard in agriculture and livestock farming, the core domains of
veterinary medicine insufficient. Modern livestock practices still rely heavily on human
observation, experience, and manual procedures. However, these methods can lead to numerous
issues, such as delays in diagnosing and analyzing animal diseases; data loss resulting from
manual record-keeping and analysis errors; reduced milk yield due to feed wastage; difficulties
in monitoring reproduction; the risk of mastitis during manual milking; significant errors in
farm and herd management; and the unnecessary use of medication most notably leading to the
emergence of antibiotic resistance in treating animal diseases. Digital transformation will
facilitate the efficient and effective use of resources in our country, helping to ensure global
food security and reduce environmental impact while simultaneously safeguarding animal
welfare. In summary, the adoption of digitalization and artificial intelligence in veterinary
medicine and rural livestock farming has begun to play a pivotal role in ensuring animal
welfare, reducing labor requirements, maintaining accurate and reliable data, boosting

productivity, and guaranteeing the safety of food production.

Keywords: Artificial intelligence, agriculture, livestock farming, digitalization.
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INTRODUCTION

The institutionalization of the Veterinary profession and the inception of modern scientific
training in the field date back to the 19th century. Factors such as rapid global population
growth, climate change, and the depletion of natural resources place significant pressure on
agricultural production. It has become imperative for the agricultural sector to shift towards
more efficient and sustainable methods. The Food and Agriculture Organization of the United
Nations (FAO) emphasizes that digital technologies and artificial intelligence can make
agricultural production more efficient, sustainable, and resilient. Artificial intelligence is a suite

of technologies that supports decision-making processes by analyzing vast amounts of data.

In the agricultural sector, it is used in conjunction with sensors, satellite imagery, drones, and
meteorological data to provide farmers with real-time information. (1,2). The aim of this review
study is to evaluate the applications of artificial intelligence in the detection of contemporary
animal and plant diseases, the enhancement of agricultural productivity, and effective farm

management.
Artificial Intelligence Application Areas in Veterinary Medicine and Rural Agriculture

a) Smart irrigation systems in Rural Agriculture

Since the 2000s, climate change and specifically the efficient use of consumable water
resources has become one of the most critical issues in modern agriculture. For instance,
irrigation systems that reduce water waste through the use of drip irrigation lines have come
into use (3). It is reported that these systems, in particular, analyze factors such as soil moisture,
temperature, precipitation, and crop requirements to ensure irrigation occurs at the right time
and in the right quantity (4).

b)Animal Disease and Pest Detection

Artificial intelligence technologies have begun to transform diagnostic and treatment
processes in Veterinary medicine, just as they have in the healthcare sector. Scientific studies
published in recent years indicate that artificial intelligence has become a powerful support tool
in Veterinary medicine, particularly in the fields of imaging and data analysis (6). The combined
application of artificial intelligence’s decision-making capabilities and robotics constitutes the
fundamental building block for fully autonomous smart farms. It has been reported that, through
capabilities such as artificial intelligence applied in areas such as image processing, decision-

making, monitoring, classification, forecasting, and farm and herd management systems can
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resolve many issues and address critical situations on farms that would normally require human
intervention. (7). It is reported that research utilizing image processing and sensor-based
systems in agriculture demonstrates that pest-induced stress in plants can be detected through
thermal and acoustic changes; furthermore, drone-based imaging systems and autonomic robots
surpass traditional observation methods by enabling rapid data collection and on-site
assessment across vast agricultural areas, thereby potentially leading to reduced pesticide use,
a lower environmental burden, and increased productivity (8, 11).

c)Yield and Harvest Forecasting

Farmers can save time and labor in processes such as soil preparation, sowing, maintenance,
fertilization, and harvesting by utilizing artificial intelligence, while also achieving
improvements in yield and quality; specifically, Al algorithms are applied to assess the quality
of seeds, soil, and fertilizer, as well as to predict irrigation schedules and crop vyields.
Furthermore, it is reported that Al algorithms are employed for disease and pest detection, as
well as in harvesting operations particularly during harvesting, cleaning, transport, storage, and

the assessment of product quality (9).
d) Agricultural Consultancy and Decision Support Systems

It is reported that Al can help transform agricultural production for smallholder farmers in
low- and middle-income countries, strengthen global climate resilience, and facilitate farm
operations; however, it is also noted that Al should be used in accordance with ethical principles

and applied only where it truly adds value (10, 11).
CONCLUSION

Artificial intelligence offers significant opportunities as a key technology shaping the future
of veterinary medicine and rural agriculture. Applications such as smart irrigation, disease
detection, yield forecasting, and digital advisory services enable farmers to make more
informed decisions and optimize their production processes. However, for these technologies
to become widespread in rural areas, it is essential to improve internet infrastructure, enhance
farmers' digital skills, and implement appropriate support policies and credit schemes; with the
right investments and effective training programs, artificial intelligence will become a powerful

tool that accelerates rural development and supports sustainable agriculture.
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In conclusion, the global use of artificial intelligence in agriculture and livestock farming is

increasing, just as it is in every other field.
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ABSTRACT

In today's world, where access to animal-based foods which are crucial for human health and
the importance of their production are steadily increasing, successful milk production depends
on efficient and robust dairy farming practices. Milk production plays a vital role as a
fundamental component of animal agriculture, both globally and within our country. High
reproductive performance in dairy animals is a fundamental requirement for the economic
sustainability of an efficient dairy farming operation. In dairy farming, the gestation period is
not merely a time for fetal development; it is also recognized as a multifaceted adaptation
process that prepares the maternal organism for parturition and lactation. In this context,
morphological and macro-anatomical monitoring and observation are of great importance. As
pregnancy progresses, live body weight increases, and the anatomical center of gravity shifts.
Relaxation has been observed in the ligaments of the bones forming the pelvic cavity. Following
the diagnosis of pregnancy, the most distinct morphological changes are observed in the
structure of the uterus; the uterine weight, which is approximately 700-1000 grams in the non-
pregnant state, can increase 10- to 15-fold by the final stages of pregnancy. The uterine horns
expand significantly particularly in the region where pregnancy is established and increase in
volume alongside the development of the fetal membranes. Changes in hormonal balance begin
to occur as the pregnancy nears its final stages: estrogen levels rise while progesterone levels
fall, initiating the process of preparation for parturition. While embryonic development is the
primary focus during the first trimester, fetal growth accelerates from the second trimester
onwards, and the uterus expands to occupy a large portion of the abdominal cavity.
Understanding the anatomical changes that occur throughout pregnancy from morphological,
morphometric, and clinical perspectives is of great importance to veterinarians, as the accurate

interpretation of rectal palpation and ultrasonographic examinations relies on this knowledge.

Keywords: Dairy cattle farming, morphology, pregnancy.
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INTRODUCTION

In today's world, where access to animal-based foods which are crucial for human health
and the importance of their production are steadily increasing, successful milk production
depends on efficient and robust dairy farming practices. Milk production plays a vital role as a
fundamental component of animal agriculture, both globally and within our country. High
reproductive performance in dairy animals is a fundamental requirement for the economic

sustainability of an efficient dairy farming operation.

In dairy farming, the gestation period is not merely a time for fetal development; it is also
recognized as a multifaceted adaptation process that prepares the maternal organism for
parturition and lactation. In this context, morphological and macro-anatomical monitoring and
observation are of great importance. In cows, the gestation period is not merely a time for fetal
development; it is also a multifaceted period of adaptation that prepares the maternal organism

for parturition and lactation.

Anatomically, numerous macro-anatomical changes occur throughout gestation, such as
uterine growth, placental development, the preparation of mammary glands for lactation, and
the topographical repositioning of abdominal organs. The remodeling of the mammary gland is
of critical importance regarding the dry period which begins approximately 45-60 days prior

to calving and preparation for the subsequent lactation period (1,2).
Macro-Anatomical Changes in the Reproductive System During Pregnancy

Macroanatomically, the uterus undergoes changes involving increases in volume and
weight. For instance, it is reported that the uterus which weighs approximately 0.5-1 kg in the
non-pregnant state reaches a level of 60-80 kg by the end of pregnancy due to the influence of
the fetus, placenta, and fluids (3,4,5). From the early months of pregnancy, the uterine horn
containing the fetus (cornu uteri dexter) enlarges significantly compared to the cornu sinister,

resulting in an asymmetrical appearance (6).

Caruncle structures on the inner uterine wall join with the cotyledons of the placenta to form
placentomes; these placentomes enlarge as pregnancy progresses (7). Regarding ovarian
changes, the corpus luteum of pregnancy (corpus luteum graviditatis) persists in one of the
ovaries throughout the period from the onset of pregnancy to parturition, secreting the hormone

progesterone, which maintains the pregnancy.
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In terms of topographical changes, the cervix uteri is drawn toward the floor of the pelvic
cavity as the uterus is pulled into the abdominal cavity. Changes such as relaxation and edema
occur in the vagina and vulva. Monitoring these anatomical changes enables pregnancy
diagnosis in the field via rectal palpation and ultrasonography (3,4,5,6,7).

Macro-Anatomical Changes in the Musculoskeletal System During Pregnancy

As parturition approaches particularly during the final 2—3 weeks rising estrogen levels
(secreted by the placenta and ovaries) cause the relaxation of the sacrotuberous and sacroiliac
ligaments, which connect the pelvic bones (4). The resulting laxity of the pubic symphysis leads
to an enlargement of the cranial and caudal pelvic apertures (7). The shift in the center of
gravity, combined with increased vertical mechanical stress on the hip joints, alters the gait and
posture of cows especially during the final month of pregnancy and has been reported to prolong

the time required for them to rise to a standing position (8).

Macro-Anatomical Changes in the Digestive and Respiratory Systems During Pregnancy

As pregnancy progresses, the physical volume of the rumen decreases, and physical
pressure is exerted on surrounding organs; specifically, in the final months of pregnancy, the
uterus extending into the abdominal cavity compresses digestive organs (particularly the
rumen) upwards and forwards, reportedly leading to a reduction in ruminal content volume (9).
Displacement of the Diaphragm and Reduction in Lung Volume: The forward displacement of
intra-abdominal organs by the enlarging uterus exerts pressure on the diaphragm the muscle
separating the thoracic and abdominal cavities pushing it into the chest cavity; this reportedly
results in a reduction of the lungs' functional residual capacity (FRC) (10).

CONCLUSION

Understanding the anatomical changes that occur during pregnancy is of great importance
for veterinarians. The accurate interpretation of rectal palpation and ultrasonographic
examinations relies on this knowledge. Monitoring the anatomical changes observed as
parturition approaches helps in estimating the time of birth. (NAV, 2017) was consulted for the

terminology used in this review
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KAUCUK UCLU ELDIVEN PROTOTIPININ GELISTIRILMESI VE TUY YOLMA
OPERASYONUNDA PERFORMANSININ DEGERLENDIRILMESI
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OZET

Beyaz et iiretim tesislerinde iiretim siireci; kesim, tily yaumusatma, tiiy yolma, i¢ organ ¢ikartma,
karkas sogutma, anatomik parcalama, paketleme, depolama ve sevkiyat ana asamalarindan
olusmaktadir. Calismanin gerceklestirildigi HasTavuk iiretim tesisinde tlly yumusatma
isleminde aeroscalder (buhar ile yumusatma) teknolojisi kullanilmaktadir. Tiiyleri yumusamis
olan pili¢ler tily yolma makinelerine yonlendirilir ve tiiyleri yolunur, makine ¢ikisinda tily
kontrol personeli tarafindan da kontrolii saglanir. Bu kontrolde pili¢ iizerinde tiily kalmasi
durumunda personeller elleri ile yolma islemini gergeklestirir. Piliclerin yumusatma
basamaginda derinin ve tiiylerin nemlenmesi v.b. sebeplerle olusan kayganlasma, ellerinde
bulunan nitril eldivenle yolma islemini de zorlastirmaktadir. Personellerin oniinden dakikada
ortalama 200 adet pili¢ ge¢mektedir ve bu ¢alisma hizinda kavranamayan tiiyler
yolunamamakta ve tekrar kavramaya vakit kalmamaktadir. Bu durumda tily, pili¢ iizerinde
kalabilmekte ve riin kalitesi olumsuz etkilenebilmektedir. Bu ¢alisma kapsaminda tiiy yolma
makinelerinde kullanilan kauguk malzemelerden yola ¢ikilarak ayni malzeme kontrol
operasyonunda personelin kullandig1 eldivene uyarlanacaktir. Kaucuk yliksek siirtiinme
katsayis1 nedeniyle tily saftin1 kavrayip ¢ekmek icin gerekli tutusu saglarken pili¢ derisine zarar
vermemekte, dayanimi sebebiyle ¢ok uzun siire asinmadan kullanilabilmektedir. Parmak
hareketlerini kisitlamayacak ergonomik tasarim Autodesk Fusion ortaminda gerceklestirilmis,
on deneme icin prototipler Bambu Lab H2S Combo 3D yazici kullanilarak esnek filament ile
tiretilmig, parmak uclarina kauguk kesilerek yerlestirilmistir. Mevcut nitril eldiven ile
karsilastirildiginda tily kavrandiginda yolunabilme oraninda yiiksek diizeyde iyilesmeler
gozlemlenmistir, kauguk uglarin dayaniklilig: test edilmistir. Tasarimi tamamlanan eldivenin

seri tiretimi i¢in arastirmalar devam etmektedir.

Anahtar Kelimeler: Tiiy yolma, Kauguk uglu eldiven, Ergonomik tasarim, Beyaz et liretimi,

Prototip gelistirme
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DEVELOPMENT OF A RUBBER-TIPPED GLOVE PROTOTYPE AND
EVALUATION OF ITS PERFORMANCE IN THE FEATHER PLUCKING
OPERATION
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Kivileem ATES CAKIROGLU
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ABSTRACT

The production process in poultry meat production facilities consists of the main stages of
slaughtering, feather softening, feather plucking, evisceration, carcass chilling, anatomical
cutting, packaging, storage, and shipment. At the HasTavuk production facility where this study
was conducted, aeroscalder technology (steam-based feather softening) is used in the feather
softening process. After the feathers are softened, the poultry are directed to feather plucking
machines, where the feathers are removed, followed by a final inspection by quality control
personnel at the machine exit. If any feathers remain on the poultry during this inspection,
personnel manually remove them using their hands. The slippery condition caused by factors
such as moisture on the skin and feathers during the softening stage makes manual feather
removal more difficult when using conventional nitrile gloves. An average of 200 poultry pass
in front of each operator per minute, and at this operating speed, feathers that cannot be firmly
grasped cannot be removed, as there is insufficient time for repeated gripping. Consequently,
feathers may remain on the poultry, negatively affecting product quality. Within the scope of
this study, rubber materials used in feather plucking machines were adapted to the gloves used
by personnel during the inspection and feather removal operation. Due to its high coefficient of
friction, rubber provides the necessary grip to grasp and pull the feather shaft without damaging
the poultry skin. Its durability also enables long-term use with limited wear. An ergonomic
design that does not restrict finger movement was developed using Autodesk Fusion. For
preliminary testing, prototypes were produced from flexible filament using a Bambu Lab H2S
Combo 3D printer, and rubber pieces were cut and attached to the fingertips. Compared with
conventional nitrile gloves, significant improvements were observed in the rate of successful
feather removal when feathers were grasped. The durability of the rubber tips was also tested.

Research into the mass production of the finalized glove design is ongoing.
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Keywords: Feather plucking, Rubber-tipped glove, Ergonomic design, Poultry meat
production, Prototype development
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EFFECT OF STRESS RELIEF HEAT TREATMENT ON THE MECHANICAL AND
TRIBOLOGICAL PROPERTIES OF LASER POWDER BED FUSION 316L
STAINLESS STEEL

Asst. Prof. Dr. Hilmi TEKDIR
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Prof. Dr. Ali Fatih YETIM
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ABSTRACT

Laser Powder Bed Fusion (LPBF), a prominent metal additive manufacturing technology, is
widely employed to produce AISI 316L stainless steel components for demanding industrial
applications. This study aims to investigate the influence of stress relief heat treatment on the
residual stress, surface hardness, and pin-on-disc wear behavior of LPBF-fabricated 316L
stainless steel (SS). Samples with dimensions of 20 x 20 x 3 mm were produced and
subsequently subjected to stress relief thermal treatment at 350 °C for 2 h under a controlled
argon atmosphere to prevent surface oxidation. Characterization of the as-built (AB-316L) and
heat-treated (HT-316L) specimens was performed using X-ray diffractometry (XRD), a Vickers
micro-hardness tester, and a 3D optical profilometer for wear track examination. Dry sliding
wear tests were conducted against Al-Os ceramic balls under a 5 N normal load in ambient air
conditions using a pin-on-disk tribometer. Experimental results revealed that the post-
processing heat treatment effectively relieved process-induced internal stresses, reducing the
residual tensile stress from 88 + 5 MPa (AB-316L) to 30 + 3 MPa (HT-316L), alongside a slight
decrease in surface microhardness from 270 £ 12 HVo1 to 225 + 10 HVo.1. Crucially, the
tribological performance improved following stress relief: the mean coefficient of friction
(COF) dropped from 0.72 to 0.61, while the cumulative wear loss decreased significantly from
0.841 mm? to 0.690 mm3. The reduction in friction and volumetric wear loss demonstrates that
thermal stress relief is an effective strategy for enhancing the tribological longevity of LPBF-

built 316L components by mitigating solidification-induced residual stresses.

Keywords: Laser Powder Bed Fusion (LPBF), 316L SS, Stress relief heat treatment, Residual
stress, Tribological properties.
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OZET

Onemli bir metal eklemeli imalat teknolojisi olan Toz Yataginda Lazer Ergitme (LPBF), zorlu
endiistriyel uygulamalar i¢in AISI 316L paslanmaz ¢elik bilesenlerin {iretiminde yaygin olarak
kullanilmaktadir. Bu ¢alisma, gerilim giderme 1s1l isleminin LPBF ile iiretilen 316L paslanmaz
celigin (SS) kalint1 gerilmesine, yiizey sertligine ve pinli dairesel asinma davranisina etkisini
incelemeyi amaglamigtir. 20 x 20 x 3 mm boyutlarindaki numuneler iiretilmis ve ardindan
ylizey oksidasyonunu énlemek amaciyla kontrollii argon atmosferinde 350 °C'de 2 saat boyunca
gerilim giderme 1s1l islemine tabi tutulmustur. Islemsiz (AB-316L) ve 1s1l islemli (HT-316L)
numunelerin karakterizasyonu; X-isim1 difraktometresi (XRD), Vickers mikro sertlik 6lgtim
cithaz1 ve aginma izi incelemesi i¢in 3D optik profilometre kullanilarak gerceklestirilmistir.
Kuru ortamda uygulan asinma testleri, pim-disk tribometre kullanilarak oda sicakligi
kosullarinda 5 N normal yiik altinda Al.Os seramik bilye kullanilarak yiiriitiilmiistiir. Deneysel
sonuclar, uygulanan 1s1l islemin imalat siirecinden kaynaklanan i¢ gerilmeleri etkili bir sekilde
giderdigini, ylizey mikro sertliginde 270 + 12 HVo1'den 225 £ 10 HVo.1'e hafif bir diisiisle
birlikte kalinti ¢gekme gerilmesini 88 + 5 MPa'dan (AB-316L) 30 + 3 MPa'ya (HT-316L)
diistirdiigiinii ortaya koymustur. En 6nemlisi, gerilim giderme isleminin ardindan tribolojik
performans iyilesmistir. Ortalama siirtiinme katsayist (COF) 0,72'den 0,61'e diiserken,
kiimiilatif asinma kayb1 0,841 mm3'ten 0,690 mm?®e 6nemli 6l¢iide azalmistir. Siirtlinme ve
hacimsel asinma kaybindaki azalma, termal gerilim gidermenin, katilasma kaynakli kalint
gerilmeleri hafifleterek LPBF ile iiretilen 316L bilesenlerin tribolojik dmriinii artirmada etkili

bir strateji oldugunu gostermektedir.

Anahtar Kelimeler: Toz Yataginda Lazer Ergitme (LPBF), 316L Paslanmaz Celik, Gerilim

giderme 1s1l islemi, Kalint1 gerilme, Tribolojik 6zellikler.
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1. INTRODUCTION

Additive manufacturing is one of the most important milestones of technological production
methods and it differs greatly from traditional manufacturing methods in terms of its
methodology (Khedr et al., 2023). In contrast to traditional manufacturing methods, complex
structures can be created easily by adding materials layer by layer regardless of component
geometry (Hrabe & Quinn, 2013). Among different metal additive manufacturing methods,
laser powder bed fusion (LPBF) is one of the mostly used techniques due to its reduced
production time, adaptable manufacturing methodology and high design freedom (Periyasamy
& Srinivasan, 2025; Voisin et al., 2022). AISI 316L stainless steel has become a widely
processed material in LPBF applications because of its good mechanical strength, high ductility
and excellent corrosion resistance in demanding industrial sectors (Laleh et al., 2019;
Yadroitsev et al., 2010). AISI 316L stainless steel has become a widely processed material in
LPBF applications because of its good mechanical strength, high ductility and excellent
corrosion resistance in demanding industrial sectors (Kan et al., 2022; Novak et al., 2021). In
the LPBF process, processing parameters such as laser power and scanning speed directly affect
the microstructural features, including bimodal grain structures and cellular substructures (Tan
etal., 2021).

In spite of these desirable properties, components produced by LPBF inherently experience
steep thermal gradients and constrained thermal shrinkage during rapid melting and cooling
cycles. As a result of these extreme thermal cycles, high tensile residual stresses up to 500 MPa
are generated within the as-built parts (Dwivedi et al., 2026). These process-induced internal
stresses can cause geometrical distortions, premature cracking and microstructural deterioration
during service life, which limit the performance and reliability of LPBF-built 316L components
(Lietal., 2024).

In order to extend the service life and improve the properties of LPBF 316L stainless steel,
various post-processing surface modification and thermal treatment methods were proposed in
different studies. Some researchers focused on surface coatings such as physical vapor
deposition (PVD) and multi-layer thin films to increase surface hardness and wear resistance
(Rashtchi et al., 2024; Staszuk, 2023). Aside from surface coatings, bulk heat treatments and
hot isostatic pressing (HIP) were widely utilized to relieve internal residual stresses (Chen et
al., 2025; Wang et al., 2021). Shin et al. investigated the effect of high-temperature heat
treatment (1100 °C) and HIP on LPBF 316L, reporting that high temperatures eliminated
residual stresses and cellular substructures, but caused surface softening and increased wear
loss under dry sliding conditions (Shin et al., 2021). Dwivedi et al. demonstrated that post-heat
treatments relieved internal tensile stresses up to 90%, while solution annealing formed
protective tribofilms under lubricated conditions (Dwivedi et al., 2026). In a different study, Li
et al. emphasized that annealing altered cellular dislocation networks and nano-oxide
inclusions, affecting the balance between strength and ductility (Li et al., 2024). Likewise,
Ozdogan et al. showed that stress relaxation and recrystallization behavior at elevated
temperatures significantly influenced the fracture mechanisms of LPBF 316L (Ozdogan et al.,
2026).

As seen in this literature survey, many different studies were performed to investigate the
effects of high-temperature annealing, HIP and surface coatings on the microstructural,
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mechanical and tribological behavior of LPBF 316L stainless steel. However, high-temperature
treatments often dissolve the fine cellular sub-boundaries, leading to a notable reduction in
surface microhardness. Moreover, there isn't any study in the scientific literature which
examines the influence of a low-temperature stress relief heat treatment at 350 °C for 2 hours
in a controlled argon atmosphere on both residual stress relaxation and wear performance of
LPBF 316L stainless steel without inducing surface oxidation.

Therefore, the main objective of this study is to investigate the effects of low-temperature argon
stress relief heat treatment (350 °C, 2 h) on the structural, mechanical and tribological properties
of LPBF-built 316L stainless steel. For that reason, as-built (AB-316L) and stress-relieved (HT-
316L) samples were prepared and evaluated. Residual stress states and phase structures were
characterized by X-ray diffraction (XRD). Mechanical properties were determined using a
Vickers microhardness tester, while dry sliding wear tests were performed using a pin-on-disk
tribometer. Finally, wear track morphologies and cumulative wear losses were evaluated using
3D optical profilometry.

2. EXPERIMENTAL DETAILS

2.1. LBPF Process and Heat Treatment

Prismatic samples of 316L stainless steel measuring 20 x 20 x 3 mm were fabricated utilizing
the laser powder bed fusion (LPBF) technique. Spherical 316L metal powders with particle
sizes ranging from 20 to 80 um were selected as the raw building material. The standard
chemical composition of these powders is provided in Table 1.

Table 1. The chemical composition of the 316L stainless steel powders (wt.%).
Material Fe Cr Ni Mo Mn | Si P

316L SS Balance | 16.5-18.5 10-13 2-25 | 0-2 |0-1 |0-0.045

The additive manufacturing operations were carried out on an MLab Cusing Machine (Concept
Laser) equipped with a 100 W Ytterbium fiber laser. An external view of the utilized LPBF
equipment is presented in Fig. 1a. To prevent any possible oxidation during the layer-by-layer
melting process, the building chamber was continuously purged with nitrogen gas. A specific
set of process parameters was chosen to achieve a uniform melt pool and ensure the structural
integrity of the final parts. The laser power was set to 50 W and the scanning speed was
maintained at 500 mm/s. The powder layer thickness was adjusted to 25 um. Also, a chessboard
scanning strategy with a 90° rotation between consecutive layers was applied for efficient
material consolidation.

Following the manufacturing phase, a group of the as-built samples underwent a stress relief
heat treatment to modify their internal stress states. This thermal process was conducted using
a Protherm MoS series high-temperature furnace equipped with molybdenum disilicide heating
elements, as shown in Fig. 1b. The specimens were heated to 350 °C and maintained at this
temperature for 2 hours. A controlled argon atmosphere was provided throughout the entire
heating and cooling cycles to strictly avoid the formation of any surface oxide layers.
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Fig.1. The equipment used in the production and heat treatment: (a) MLab Cusing LPBF machine and
(b) Protherm MoS series high-temperature heat treatment furnace.

2.2.  Microstructural Characterization and Tribological Tests

Phase identification and residual stress analyses of the samples were performed using an X-ray
diffractometer (XRD-GNR-Explorer). The device was operated with a Cu Ka1 radiation source
(L =1.540 A) at 40 kV and 30 mA. Diffraction patterns were recorded over a 20 scale ranging
from 20° to 100°. The obtained XRD spectra were analyzed utilizing Match! software and the
identified phases were verified with JCPDS (Joint Committee on Powder Diffraction Standards)
reference cards. In order to quantitatively evaluate the process-induced internal stresses, the
siny method was employed. Diffraction data for the stress calculation were carefully collected
at multiple v tilt angles varying between —45° and +45°. This approach provided a reliable
linear sin®y relationship to determine the residual stress distributions on the sample surfaces.
The surface microhardness of both as-built and heat-treated specimens was measured utilizing
a Shimadzu HMV-G-20 Vickers hardness tester. A constant test load of 100 g (HVo.1) was
applied with a dwell time of 20 s. Hardness measurements were repeated at least ten times at
different locations on every sample and the values were averaged to ensure the accuracy of the
results.

Dry sliding wear tests were carried out at room temperature (20 + 2 °C) using a Bruker UMT
pin-on-disk tribometer in accordance with the ASTM G 99-17 standard. Alumina (Al.Os)
ceramic balls with a diameter of 6 mm were chosen as the counterface pin material. A normal
load of 5 N was applied over a total sliding distance of 141 m. The real-time coefficient of
friction (COF) values were automatically calculated and recorded by the tribometer software
during the sliding motion. After completing the wear tests, the worn surfaces, track
morphologies and cumulative wear losses were examined in detail utilizing a 3D optical
profilometer (Bruker Contour GT).

3. RESULTS AND DISCUSSION
3.1.  Phase Composition and Structural Evolution
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The structural phases of both the as-built and heat-treated 316L stainless steel samples were
identified using X-ray diffraction analysis. Fig. 2 displays the XRD patterns of the AB-316L
and HT-316L specimens. As shown in the spectra, both sample groups exhibit a single-phase
face-centered cubic (FCC) austenite (y-Fe) structure. The main diffraction peaks are clearly
located at the (111), (200), (220) and (311) crystallographic planes. Due to the rapid
solidification and interlayer remelting inherent to the LPBF process, the initial ferrite phase
almost entirely transforms into austenite (Tillmann et al., 2021; Voisin et al., 2022).
Furthermore, since the 350 °C thermal treatment was carefully conducted in a controlled argon
atmosphere, no hexagonal hematite (Fe2Os) or cubic magnetite (FesOs) peaks were detected in
the HT-316L spectrum.
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Fig. 2. XRD patterns of the as-built (AB-316L) and heat-treated (HT-316L) stainless steel samples.
When comparing the two XRD profiles in Fig. 2, subtle but important structural variations are
visible following the thermal process. In the as-built condition, the rapid cooling rates generate
high dislocation densities and microstrains, which cause noticeable peak broadening (Dwivedi
et al., 2026). However, after the stress relief treatment at 350 °C, the diffraction peaks of the
HT-316L sample became slightly narrower and their intensities were reduced. In addition to
the reduction in peak height, a minor shift of the diffraction peaks towards higher 20angles is
observed. This peak shift and narrowing directly indicate the relaxation of internal macro-
strains and the partial annihilation of dislocations within the cellular substructures (Li et al.,
2024).

3.2.  Residual Stress and Surface Microhardness

The extreme temperature gradients and restricted thermal shrinkage during the LPBF layer-by-
layer melting process inevitably induce severe tensile residual stresses within the fabricated
parts. The measured residual stresses and surface microhardness values for the experimental
groups are comparatively presented in Fig. 3a and Fig. 3b. As depicted in Fig. 3a, the as-built
AB-316L sample exhibits a high tensile residual stress of 88 + 5 MPa.

The applied low-temperature heat treatment provided a significant stress relaxation effect. The
tensile residual stress dropped remarkably from 88 + 5 MPa to 30 + 3 MPa for the HT-316L
sample. This substantial stress reduction is primarily attributed to thermally activated diffusion
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and dislocation annihilation mechanisms operating at 350 °C (Dwivedi et al., 2026). While
high-temperature annealing at 1100 °C or 1200 °C can completely eliminate residual stresses,
it also completely dissolves the unique cellular structures (Ozdogan et al., 2026). The selected
350 °C treatment successfully relaxed the internal stresses without initiating full
recrystallization. The surface microhardness results parallel the residual stress findings. As seen
in Fig. 3b, the initial hardness of the AB-316L sample was measured as 270 + 12 HVo1. The
rapid cooling rates and resulting high dislocation densities contribute to this elevated hardness.
However, following the release of the process-induced residual stresses during the thermal
treatment, the surface microhardness of the HT-316L sample slightly decreased to 225 + 10
HVo.1. The partial annihilation of the dislocation networks within the cellular walls during the
stress relaxation process directly accounts for this moderate hardness reduction (Shin et al.,
2021).
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Fig.3. Mechanical properties of the specimens: (a) Residual stress values and (b) Surface microhardness.

3.3.  Tribological Performance and Wear Mechanisms

The macroscopic surface appearances of the samples after the dry sliding pin-on-disk tests are
presented in Fig.4. Circular wear tracks are clearly visible on the surfaces of both test groups.
Additionally, the heat-treated HT-316L specimen exhibits a slight blue color tone difference.
This minor surface tint is a direct consequence of the thermal exposure during the stress relief
process in the argon atmosphere.
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Fig.4. Macroscopic appearances of the AB-316L and HT-316L samples after the wear tests.

The friction and wear test results provide critical insights into the performance of the
components. The mean coefficient of friction (COF) and cumulative wear loss values are
summarized in Fig.5. The as-built AB-316L sample recorded a high mean COF of 0.72 and a
cumulative wear loss of 0.841 mm3. In contrast, the low-temperature heat treatment noticeably
improved the tribological behavior. The mean COF of the HT-316L sample decreased to 0.61,
while the total wear volume dropped to 0.69 mm3. According to the literature, high-temperature
treatments like 1100 °C dissolve the hardening cellular microstructures and cause surface
softening, which generally worsens the dry sliding wear resistance and increases wear losses
up to 1.05 mm?3 (Shin et al., 2021). However, the 350 °C treatment applied in this study
preserved the core microstructural stability while eliminating the detrimental internal stresses.
High tensile residual stresses in as-printed parts typically trigger severe plastic deformation,
micro-cracks, and delamination under loading conditions (Aman Dwivedi, 2026). Therefore,
relieving these initial stresses successfully enhanced the structural integrity against dry sliding
forces.
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Fig. 5. Mean coefficient of friction (COF) and cumulative wear loss results of the specimens.

In order to understand the acting wear mechanisms, the 3D surface topographies of the wear
tracks were investigated. Fig.6 shows the optical profilometry images of the worn surfaces.

When Fig.6a is examined, the AB-316L sample displays a highly rough wear track
characterized by deep pits and delamination regions. The depth scale of this untreated sample
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spans a wide range from +31.2 um to -37.7 pum. This severe surface damage originates from
the combination of abrasive scratching and adhesive material pull-out. The accumulated wear
debris under high contact pressure leads to cold welding and severe surface deterioration
(Yetim, 2010).

On the other hand, the wear track morphology of the heat-treated sample exhibits a much milder
deformation profile. As seen in Fig.6b, the HT-316L specimen reveals uniform linear abrasive
grooves instead of deep irregular pits. The corresponding depth scale is significantly narrower,
ranging between +19.8 um and -22.9 um. This prominent reduction in the peak-to-valley height
difference directly explains the lower volumetric wear loss observed in Fig.5. The partial stress
relaxation achieved through the 350 °C thermal process mitigated the brittle micro-cracking
tendency and prevented severe adhesive delamination, shifting the dominant wear mechanism
to a milder abrasive state (Dwivedi et al., 2026).

+

31.2071 um I‘u 0

23646920

Fig. 6. 3D optical profilometry images of the wear tracks: (a) AB-316L and (b) HT-316L.

4. CONCLUSIONS
This study systematically investigated the phase evolution, residual stress relaxation, surface
microhardness and dry sliding wear behavior of LPBF-fabricated 316L stainless steel. The
specimens were subjected to a low-temperature stress relief heat treatment at 350 °C for 2 hours
in a controlled argon atmosphere. Key conclusions are drawn as follows:
e XRD analysis confirmed that the single-phase face-centered cubic (FCC) austenite
structure was entirely preserved after the thermal process. Thanks to the controlled
argon environment, no detrimental surface oxidation occurred. Additionally, the
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observed minor peak shifts and peak narrowing pointed out a successful strain
relaxation and partial dislocation annihilation.

e The low-temperature heat treatment effectively minimized the process-induced
internal loads. Tensile residual stresses dropped remarkably from 88 MPa down to 30
MPa. Because of this structural recovery and partial relaxation, the surface
microhardness of the material exhibited a moderate and acceptable decrease from 270
HVo.1t0 225 HVo1.

e Dry sliding wear tests showed that the relief of internal tensile stresses directly
enhanced the tribological stability of the parts. The mean coefficient of friction
decreased from 0.72 to 0.61. Correspondingly, the cumulative wear volume dropped
from 0.841 mm? to 0.69 mm?, indicating a better overall resistance against sliding
contact forces.

e 3D optical profilometry verified a clear transition in the dominant wear mechanisms.
The untreated AB-316L sample suffered from severe adhesive delamination and deep
plowing pits with a wide depth scale (+31.2 um to -37.7 um). In contrast, the stress-
relieved HT-316L specimen displayed mild, uniform abrasive grooves and a
significantly narrower depth profile (+19.8 um to -22.9 um), demonstrating that this
low-temperature thermal strategy provides a highly reliable and oxidation-free route to
optimize the performance of LPBF 316L components.
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Ozet

Havacilik uygulamalarinda yapisal malzeme se¢imini belirleyen diisiik agirlik/yiiksek
mukavemet gereksinimi, aliiminyum alagimlarin1 bu alanin en yaygin metalik malzemeleri
haline getirmektedir. Bu kapsamda c¢aligmada, Al2024-T3, Al6061-T6 ve Al7075-T6
alagimlarindan iiretilen 2 mm kalinligindaki ince levhalarin 10, 20 ve 30 J darbe enerjileri
altindaki diigiik hizli darbe davraniglari, LS-DYNA sonlu elemanlar yazilimi kullanilarak
sayisal olarak incelenmistir. Maksimum darbe kuvveti, maksimum yer degistirme ve hasar
derecesi performans ¢iktilari olarak degerlendirilmis; alasim tiirii ve darbe enerjisinin bu ¢iktilar
izerindeki etkileri varyans analizi ile belirlenmistir. ANOVA sonuglari, darbe enerjisinin Fmax
(%85,81) ve maksimum yer degistirme (%90,88) lizerinde baskin faktdr oldugunu, hasar
derecesi lizerinde ise alagim tiiriiniin %48,07'lik katki oraniyla darbe enerjisinden (%40,41)
daha etkili oldugunu gostermistir. Fmax'in maksimize edilmesi, maksimum yer degistirme ve
hasar derecesinin minimize edilmesi hedefleriyle gerceklestirilen ¢oklu yanit
optimizasyonunda, optimum kombinasyon 0,5712 bilesik tercih edilebilirlik degeriyle A17075-
T6 alasimi1 ve 20 J darbe enerjisi olarak belirlenmistir. Sonuglar, alagim tiirii ve darbe enerjisinin
diisiik hizl1 darbe davranisi tizerindeki etkilerinin performans 6lgiitiine bagli olarak degistigini
ve Al7075-T6 alasiminin coklu performans kriterleri agisindan avantajli bir davranis
sergiledigini ortaya koymustur.

Anahtar Kelimeler: Havacilik malzemeleri, Aliiminyum alasimlari, Diistik hizli darbe, LS-
DYNA, ANOVA, Hasar derecesi

Low-Velocity Impact Performance and Optimum Alloy Selection of
Aluminum Alloys Used in Aerospace

Abstract

The low-weight/high-strength requirement that governs structural material selection in
aerospace applications makes aluminum alloys the most widely used metallic materials in this
field. Within this scope, the low-velocity impact behavior of 2 mm thick thin sheets
manufactured from Al12024-T3, Al6061-T6, and A17075-T6 alloys under impact energies of 10,
20, and 30 J was numerically investigated using the LS-DYNA finite element software.
Maximum impact force, maximum displacement, and damage degree were evaluated as
performance outputs, and the effects of alloy type and impact energy on these outputs were
determined via analysis of variance. The ANOVA results showed that impact energy was the
dominant factor for Fmax (85.81%) and maximum displacement (90.88%), whereas for damage
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degree, alloy type was more influential, with a contribution ratio of 48.07% compared to
40.41% for impact energy. In the multi-response optimization, carried out with the objectives
of maximizing Fmax and minimizing maximum displacement and damage degree, the optimum
combination was determined to be the AI7075-T6 alloy and 20 J impact energy, with a
composite desirability value of 0.5712. The results reveal that the effects of alloy type and
impact energy on low-velocity impact behavior vary depending on the performance metric, and
that the A17075-T6 alloy exhibits an advantageous behavior in terms of multiple performance
criteria.

Keywords: Aerospace materials, Aluminum alloys, Low-velocity impact, LS-DYNA,
ANOVA, Damage degree

1.Giris

Havacilik sektoriinde yapisal agirligin azaltilmasi, yakit verimliliginin artirilmasi ve yiiksek
mekanik performansin korunmasi, malzeme sec¢iminde belirleyici kriterler arasinda yer
almaktadir [1]. Bu gereksinimler dogrultusunda, diisiik yogunluklar ve yiiksek 6zgiil mekanik
ozellikleri sayesinde aliiminyum alasimlart havacilik yapilarinda yaygin olarak tercih edilen
metalik malzemeler arasinda yer almaktadir. Aliminyum alasimlarinin farkli alasim elementleri
ve 1sil islem kosullari, bu malzemelerin dayamim, rijitlik, siineklik ve deformasyon
davraniglarinda 6nemli farkliliklarin ortaya ¢ikmasina neden olmaktadir. Bu kapsamda A12024-
T3, Al6061-T6 ve Al7075-T6 alagimlart farkli mekanik Ozellikleri nedeniyle ¢esitli
mithendislik ve havacilik uygulamalarinda kullanilmaktadir [2]. Bununla birlikte, havacilik
yapilar servis kosullari sirasinda yabanci cisim ¢arpmasi, bakim ve montaj islemleri esnasinda
meydana gelebilecek darbeler gibi farkl diisiik hizli darbe ytiklerine maruz kalabilmektedir. Bu
tiir yiiklemeler sonucunda olusan kalici deformasyon ve hasar, yapisal biitlinliigii ve kullanim
giivenligini olumsuz yonde etkileyebilmektedir [3, 4]. Dolayisiyla farkli aliiminyum
alagimlarinin diigiik hizli darbe yiikleri altindaki davraniglarinin karsilastirmali olarak ortaya
konulmasi, uygun malzeme se¢imi ve darbe dayanimi yiiksek hafif yapilarin gelistirilmesi
agisindan 6nem tasimaktadir.

Aliminyum alagimlarimin darbe yiikleri altindaki mekanik ve hasar davranislarinin
belirlenmesine yonelik literatiirde c¢esitli deneysel ve sayisal caligmalar bulunmaktadir.
Alliminyum alagimlarinin mekanik 6zellikleri ve kullanim alanlar1 alagim serisine bagli olarak
onemli Olclide degismektedir. 2000 serisi aliiminyum alasimlar1 yorulma performanslari
nedeniyle ucak govde yapilarinda yaygin olarak kullanilirken, 7000 serisi alagimlar yiiksek
mukavemet gerektiren havacilik yapilarinda 6n plana ¢ikmaktadir[5]. Buna karsilik 6000 serisi
alasimlar, sekillendirilebilirlik ve korozyon direnci gibi 6zellikleri sayesinde farkli yapisal
uygulamalarda tercih edilmektedir [6, 7]. Aliminyum alasimlarinin darbe davranisindaki
farkliliklarin ise alasim bilesimi, 1s1l islem durumu, mekanik 6zellikler ve mikroyapisal
karakteristiklerle iliskili oldugu bildirilmektedir [8, 9].

Gok vd. [10], AA1100 ve AA7075 aliiminyum alagimlarinin farkli enerji seviyelerindeki diisiik
hizl1 darbe davraniglarini deneysel ve sayisal olarak incelemistir. Calismada, darbe enerjisinin
artmastyla her iki alagimin maksimum darbe kuvvetinin arttifi, AA7075 alagiminin ise
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AA1100'e kiyasla daha yiiksek maksimum kuvvet ve daha diisiik yer degistirme sergiledigi
belirlenmistir. Ayrica, Johnson—Cook malzeme modeli kullanilarak gerceklestirilen sayisal
analizlerin deneysel sonuglarla genel olarak uyumlu oldugu bildirilmistir. Yadav vd. [11], 2 mm
kalinligindaki Al6061 levhalarin yiiksek hizli darbe davranisini deneysel ve sayisal olarak
incelemis ve kritik perforasyon hizin1 70 m/s olarak belirlemistir. Aragtirmacilar, Johnson—Cook
malzeme modeli kullanilarak gerceklestirilen sayisal analizlerin deneysel sonuglarla 1yi uyum
gosterdigini bildirmistir. Yeter [12] ise Al7075-T6, Al6061-T6 ve Al2024-T4 alasimlarinin
balistik darbe davraniglarin1 sayisal olarak karsilastirmis; artik mermi hizi ve enerji
absorpsiyonu iizerinden yapilan degerlendirmelerde A17075-T6 alagiminin incelenen alagimlar
arasinda daha yiiksek balistik darbe direnci sergiledigini bildirmistir. Havacilik yapilarinda
yaygin olarak kullanilan 2024 serisi aliiminyum alasimlari, yiiksek hasar toleranslar1 nedeniyle
ozellikle govde yiizeyleri, kanat alt kaplamalar1 ve cesitli yapisal elemanlarda tercih
edilmektedir. Kilig vd. [13], 2024-T3 alagiminin sac formunda govde ve basing kabin
yiizeylerinde kullanildigin1 ve 2024 serisinin yiliksek hasar toleransi nedeniyle havacilik
uygulamalarinda 6nemli bir yere sahip oldugunu belirtmistir.

Literatiirde aliminyum alasimlarinin diisiik ve yiiksek hizli darbe davranislarinin deneysel ve
sayisal yontemlerle incelendigi ¢esitli calismalar bulunmaktadir. Bununla birlikte, bu {i¢
alastmin ayni geometrik ve smir kosullart altinda diisiik hizli darbe davraniglarinin
karsilastirildigi ve alasim tilirii ile darbe enerjisinin farkli performans c¢iktilar1 {izerindeki
etkilerinin istatistiksel olarak birlikte degerlendirildigi calismalarin  smirli  oldugu
goriilmektedir. Bu nedenle, farkli aliminyum alasimlarinin diisiik hizli darbe kosullarindaki
davraniglarinin ortak analiz kosullar1 altinda karsilastirilmasi ve etkili parametrelerin nicel
olarak belirlenmesi, uygun malzeme sec¢imi acisindan 6nem tagimaktadir.

Bu calismada, A12024-T3, Al6061-T6 ve Al17075-T6 alliminyum alasimlarindan olusan 2 mm
kalinhigindaki ince levhalarin diisiikk hizli darbe davraniglar sayisal ve istatistiksel olarak
karsilastirilmistir. Bu amagla levhalarin 10, 20 ve 30 J darbe enerjileri altindaki davranislar: LS-
DYNA sonlu elemanlar yazilimi kullanilarak analiz edilmistir. Sayisal analizlerden elde edilen
maksimum darbe kuvveti (Fmax), maksimum yer degistirme ve hasar derecesi (Damage
Degree, DD) performans ¢iktilar1 olarak degerlendirilmistir. Alagim tiirii ve darbe enerjisinin
bu ¢iktilar tizerindeki etkileri varyans analizi (ANOVA) kullanilarak belirlenmis, ayrica farkli
performans kriterlerinin birlikte degerlendirilmesi amaciyla ¢oklu yanit optimizasyonu
gergeklestirilmistir.

2.Materyal Metod
2.1 Malzeme

Bu calismada, farkli aliiminyum alagimlarinin diisiik hizli darbe davranislarinin karsilastirmal
olarak incelenmesi amaciyla A12024-T3, Al6061-T6 ve A17075-T6 alagimlar1 tercih edilmistir.
Sayisal analizlerde tiim aliiminyum levhalarin kalinlig1 2 mm olarak sabit tutulmustur. Boylece
farkli alagimlarin darbe yiikleri altindaki davraniglarimin ayni geometrik ve smir kosullart
altinda karsilastirilmas1 amaclanmistir. Sayisal modellemede kullanilan A12024-T3, A16061-T6
ve Al7075-T6 alasimlarina ait temel malzeme Ozellikleri Tablo 1'de verilmistir.
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Tablo 1. A12024-T3, A16061-T6 ve A17075-T6 alasimlarinin temel malzeme o6zellikleri

Malzeme | Yogunluk | Elastite Modiilii | Poisson | Akma Mukavemeti | Kopma Mukavemeti
(gr/cm?) (GPa) Orant (MPa) (MPa)
Al2024-T3 2,78 72,1 0,33 368 483
Al6061-T6 2,70 69 0,33 275 310
Al7075-T6 2,81 71,7 0,33 503 572

Aliiminyum alagimlarinin darbe yiikleri altindaki elastoplastik ve hasar davraniglarinin
tanimlanmasinda Johnson—Cook malzeme modeli kullanilmistir. Johnson—Cook modeli,
yiiksek gerinim hizlar1 ve biiyiik plastik deformasyonlarin s6z konusu oldugu dinamik yiikleme
kosullarinda malzeme davranisinin tanimlanmasina olanak saglamasi ve nispeten basit
matematiksel yapisi nedeniyle darbe analizlerinde yaygin olarak kullanilmaktadir [14].
Johnson—Cook modelinde akis gerilmesi Esitlik (1) ile tanimlanmaktadir:

o =[A+B(g,)"][1 + CIn (¢)][1 — (T")™] (1)

Burada o akis gerilmesini, A referans kosullardaki baslangi¢ akma gerilmesini, B gerinim
peklesme katsayisini, n gerinim peklesme iissiinii, C gerinim hiz1 duyarhilik katsayisini, mise
termal yumusama tssiinii ifade etmektedir. &, esdeger plastik gerinimi, £€* boyutsuz plastik

gerinim hizin1 ve T* homolog sicaklig1 temsil etmektedir.
Johnson—Cook hasar modelinde kirilma gerinimi ise Esitlik (2) kullanilarak tanimlanmaktadir:

g = [D; + Dyexp (D30™)][1 + Dyln (€7)][1 + DsT"] (2)
Burada D; — D5, malzemenin hasar davranigini  tanimlayan Johnson—Cook hasar
parametreleridir. A12024-T3, Al6061-T6 ve Al17075-T6 alasimlarina ait Johnson—Cook model
parametreleri ilgili literatiir ¢aligmalarindan elde edilerek LS-DYNA malzeme Kkartlarina
tanimlanmugtir[ 15—17]. Plastik deformasyon davranisinda kullanilan model parametreleri Tablo
2'de, hasar modeli parametreleri ise Tablo 3'te sunulmustur.

Tablo 2. Aliminyum alagimlarina ait Johnson—Cook malzeme modeli parametreleri

Malzeme A B n C m
Al2024-T3 369 683,9 0,73 0,0083 1,7
Al6061-T6 324 114 0,42 0,002 1,34
Al7075-T6 520 477 0,52 0,001 1
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Tablo 3. Alliminyum alagimlarina ait Johnson—Cook hasar modeli parametreleri

Malzeme Dl D2 D3 D4 D5
Al2024-T3 0,112 0,123 1,5 0,007 0
Al6061-T6 -0,77 1,45 -0,47 0 1,6
Al7075-T6 0,096 0,049 -3,465 0,016 1,099

2.2. Sayisal Model ve Simir Kosullar:

Al2024-T3, A16061-T6 ve A17075-T6 levhalarin diisiik hizl1 darbe davraniglarinin belirlenmesi
amaciyla sayisal modeller LS-DYNA sonlu elemanlar yaziliminda olusturulmustur. Tim
analizlerde levha geometrisi, kalinligi, vurucu geometrisi, destek kosullar1 ve sonlu eleman ag1
sabit tutularak alagim tiirli ve darbe enerjisi degistirilmistir. Darbe modelinde 20 mm ¢apinda
kiiresel u¢ geometrisine sahip 5,4819 kg kiitleli rijit bir vurucu kullanilmistir. Levhalar 40 mm
capinda agikliga sahip destek bolgesi lizerinde modellenmistir. Sayisal analizlerde kullanilan
sonlu eleman modeli Sekil 1'de gosterilmistir.

Sekil 1. Diisiik hizl1 darbe analizinde kullanilan sonlu eleman modeli: a) yandan goriiniis, b)
ust gortnis

Aliiminyum levhalar kabuk (shell) elemanlar kullanilarak modellenmis ve levha kalinlig1 2 mm
olarak tanimlanmistir. Darbe bolgesindeki gerilme ve deformasyon degisimlerinin daha hassas
sekilde belirlenebilmesi amaciyla levhanin merkez bolgesinde yaklasik 1,18 mm eleman boyutu
kullanilmig ve sonlu eleman ag1 dis bolgelere dogru kademeli olarak kabalastirilmistir. Kiiresel
vurucu ise li¢ boyutlu kat1 (solid) elemanlar kullanilarak modellenmistir. Vurucu ile aliiminyum
levha arasindaki etkilesim *CONTACT AUTOMATIC SURFACE TO SURFACE temas
algoritmasi1 kullanilarak tanimlanmigtir. Levhanin destek bolgesini temsil eden diiglimlere

168



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

uygun sinir kosullar1 uygulanmistir. Vurucunun hareketi darbe dogrultusuyla sinirlandirilmais,
diger dogrultulardaki 6teleme ve donme hareketleri kisitlanmastir.

Sayisal analizler 10, 20 ve 30 J olmak {tizere ii¢ farkli darbe enerjisi seviyesinde
gerceklestirilmistir. Her bir alasim i¢in ayn1 darbe enerjileri uygulanarak toplam dokuz farkli
analiz kosulu olusturulmustur. Darbe enerjilerinin modele tanimlanabilmesi i¢in vurucunun
baslangi¢ hizlari, kinetik enerji bagintisi kullanilarak hesaplanmaigtir:

E, = —mv? (3)

Burada E) darbe enerjisini, m vurucu kiitlesini ve v vurucunun baslangi¢ hizini ifade
etmektedir. Vurucu kiitlesi 5,4819 kg olarak sabit tutulmus ve 10, 20 ve 30 J darbe enerjileri
icin baglangi¢ hizlart sirasiyla 1,910, 2,701 ve 3,309 m/s olarak hesaplanmistir. Analizlerde
alasim tiiri ve darbe enerjisi disinda kalan model parametreleri sabit tutularak bu iki
parametrenin diisiik hizli darbe davranisi lizerindeki etkilerinin karsilagtirilmasi amaglanmaistir.

2.3. Performans Ciktilarinin Belirlenmesi ve Istatistiksel Analiz

Sayisal analizler sonucunda Al12024-T3, Al6061-T6 ve Al17075-T6 alasimlarinin diigiik hizl
darbe davranislarinin degerlendirilmesi amaciyla maksimum darbe kuvveti (F;,,x), maksimum
yer degistirme ve absorbe edilen enerji degerleri elde edilmistir. Maksimum darbe kuvveti,
levhanin darbe yikii altindaki tagima kapasitesinin; maksimum yer degistirme ise darbe
sonucunda meydana gelen deformasyonun degerlendirilmesinde performans c¢iktist olarak
kullanilmustir.

Levhalarin darbe enerjisini soniimleme davraniglarinin degerlendirilmesi amaciyla hasar
derecesi (Damage Degree, DD), absorbe edilen enerjinin baslangi¢ darbe enerjisine orani
kullanilarak Esitlik (4) ile hesaplanmaistir:

E abs

DD = )

E impact

Burada E,;,s levha tarafindan absorbe edilen enerjiyi, Ejmpqce 15€ baslangic darbe enerjisini
ifade etmektedir. DD degerinin artmasi, baslangi¢ darbe enerjisinin daha biiyiik bir boliimiiniin
levha tarafindan absorbe edildigini gostermektedir[18].

Alasim tiirii ve darbe enerjisinin K4, maksimum yer degistirme ve DD iizerindeki etkilerinin
nicel olarak belirlenmesi amaciyla varyans analizi (ANOVA) gergeklestirilmistir. Istatistiksel
analizlerde alagim tiirii ii¢ seviyeli (A12024-T3, Al6061-T6 ve A17075-T6), darbe enerjisi ise {i¢
seviyeli (10, 20 ve 30 J) faktor olarak degerlendirilmistir. Her bir performans ¢iktisi i¢in
faktorlerin katki oranlar1 ve istatistiksel etkileri ayr1 ayr1 belirlenmistir. Her bir parametre
kombinasyonu i¢in tek bir deterministik sayisal analiz gerceklestirildiginden, ANOVA
modelinde replikasyona dayali saf hata terimi bulunmamaktadir. Bu nedenle analiz, alagim tiiri
ve darbe enerjisinin ana etkilerini igeren toplamsal bir model iizerinden gergeklestirilmis; ana
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faktorler tarafindan agiklanamayan degisim artik (residual) hata terimi igerisinde
degerlendirilmistir. Bu yaklasimda olas1 alasim tiirii x darbe enerjisi etkilesimi ayr1 olarak
tahmin edilememektedir.

Farkli performans c¢iktilarinin es zamanli olarak degerlendirilmesi amaciyla Minitab yazilimi
kullanilarak tercih edilebilirlik fonksiyonu esasli ¢oklu yanit optimizasyonu gerceklestirilmistir.
Optimizasyonda maksimum darbe kuvvetinin maksimize edilmesi, maksimum yer degistirme
ve DD degerlerinin ise minimize edilmesi hedeflenmistir. Her {i¢ yanit i¢in esit dnem ve agirlik
degerleri kullanilmis ve performans kriterlerini birlikte saglayan alagim—darbe enerjisi
kombinasyonu bilesik tercih edilebilirlik (composite desirability) yaklasimi kullanilarak
belirlenmistir.

3. Bulgular ve Tartisma

Maksimum tepe yiikii (Fyax), malzemenin uygulanan darbe yiikiine kars1 gosterdigi direng ve
yik tasima kapasitesinin degerlendirilmesinde 6nemli bir performans olgiitidiir[4, 14, 18].
Alasim tiirii ve darbe enerjisinin maksimum darbe kuvveti {izerindeki ana etkileri Sekil 2'de
verilmigtir. Ortalama Ky, degerleri incelendiginde, darbe enerjisinin artmasiyla maksimum
kuvvet degerlerinin belirgin sekilde arttigi goriilmektedir. Ortalama maksimum kuvvet
degerleri 10, 20 ve 30 J darbe enerjileri igin sirasiyla 7,99, 10,73 ve 13,25 kN olarak elde
edilmistir. Darbe enerjisinin 10 J'den 20 J'ye yiikselmesiyle ortalama maksimum kuvvet
yaklasik %34,3, 20 J'den 30 J'ye ylikselmesiyle ise yaklasik %23,5 oraninda artmigtir. Darbe
enerjisindeki artigla birlikte vurucu-levha etkilesimi sirasinda daha yiiksek yiik seviyelerine
ulagilmasi, maksimum darbe kuvvetinin artmasina neden olmustur. Bununla birlikte, darbe
enerjisindeki artis ile maksimum kuvvette meydana gelen artisin oransal olmadigi
goriilmektedir. Bu davranig, artan darbe enerjisiyle birlikte levhada meydana gelen plastik
deformasyon ve hasar gelisiminin degigmesiyle iliskilendirilebilir[4].
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Malzeme Darbe Enerijisi
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Sekil 2. Alagim tiirli ve darbe enerjisinin maksimum tepe yiikii (F,,x) lizerindeki ana etkileri

Alagim tiirii agisindan degerlendirildiginde, A12024-T3, A16061-T6 ve A17075-T6 alagimlarinin
ortalama K ydegerleri sirasiyla 11,14, 9,61 ve 11,22 kN olarak belirlenmistir. En yiiksek
ortalama maksimum kuvvet Al7075-T6 alasiminda elde edilirken, Al2024-T3 alasiminin
Al7075-T6'ya oldukca yakin bir davranis sergiledigi goriilmiistiir. Al6061-T6 referans
alindiginda, Al2024-T3 ve Al7075-T6 alasimlarinin ortalama F,,, degerlerinin sirasiyla
yaklasik %15,9 ve %16,8 daha yiiksek oldugu belirlenmistir. Buna karsilik, A17075-T6in
ortalama F,,, degeri A12024-T3'ten yalnizca yaklasik %0,7 daha yiiksek olup, bu iki alasgimin
maksimum kuvvet bakimindan birbirine olduk¢a yakin davranis gosterdigi goriilmektedir.
Alagimlar arasinda gozlenen bu farkliliklar, malzemelerin akma davranislari, peklesme
ozellikleri ve plastik deformasyona karsi gosterdikleri direncin farkli olmasiyla
iliskilendirilebilir. Ozellikle daha yiiksek mukavemet seviyesine sahip alagimlarin darbe
sirasinda daha yiiksek yiikleri tagiyabilmesi, maksimum kuvvet degerlerinin artmasina katkida
bulunmaktadir. Frutos Martinez ve arkadaslar1 [19], 6061-T651 ve 7075-T651 plakalar
iizerinde gergeklestirdikleri diisme kulesi deneylerinde, 200 J darbe enerjisinde 7075-T651
alasiminin 6061-T651'e kiyasla daha i1yi darbe performansi sergiledigini bildirmistir

Maksimum yer degistirme, darbe yikii altinda levhada meydana gelen deformasyonun
degerlendirilmesinde onemli bir performans oOlgiitiidiir[4]. Alasim tiirii ve darbe enerjisinin
maksimum yer degistirme iizerindeki ana etkileri Sekil 3'de verilmistir. Ortalama maksimum
yer degistirme degerleri incelendiginde, darbe enerjisinin artmasiyla yer degistirme
degerlerinin belirgin sekilde arttigt goriilmektedir. Ortalama maksimum yer degistirme
degerleri 10, 20 ve 30 J darbe enerjileri i¢in sirastyla 2,04, 3,14 ve 3,98 mm olarak elde
edilmistir. Darbe enerjisinin 10 J'den 20 J'ye yiikselmesiyle maksimum yer degistirme yaklasik
%353,5, 20 J'den 30 I'ye yiikselmesiyle ise yaklasik %26,8 oraninda artmistir. Ozellikle 10 J'den
20 J'ye geciste meydana gelen yiiksek artis, artan darbe enerjisiyle birlikte levhada meydana
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gelen plastik deformasyonun belirgin sekilde arttigin1 géstermektedir. Bununla birlikte, enerji
artisgina karsilik maksimum yer degistirmede meydana gelen artis oraninin enerji seviyesine
bagli olarak degigmesi, levhalarin deformasyon davramiginin dogrusal olmadigini
gostermektedir.
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Sekil 3. Alagim tiirii ve darbe enerjisinin maksimum yer degistirme iizerindeki ana etkileri

Alagim tiirii agisindan degerlendirildiginde, A12024-T3, A16061-T6 ve A17075-T6 alagimlarinin
ortalama maksimum yer degistirme degerleri sirasiyla 3,02, 3,37 ve 2,77 mm olarak
belirlenmistir. En yiiksek ortalama maksimum yer degistirme A16061-T6 alasiminda, en diisiik
deger ise A17075-T6 alasiminda elde edilmistir. A12024-T3 referans alindiginda, A16061-T6in
ortalama maksimum yer degistirme degeri yaklasik %11,4 daha yiiksek, Al17075-T6'nin ise
yaklasik %8,5 daha diisiik bulunmustur. Ayrica Al7075-T6, Al6061-T6'ya kiyasla yaklasik
%17,8 daha diisiik maksimum yer degistirme sergilemistir. Alagimlar arasinda gbézlenen bu
farkliliklar, malzemelerin mukavemet ve plastik deformasyon karakteristiklerindeki
farkliliklarla iligkilendirilebilir. A17075-T6'nin daha diisiik yer degistirme gdstermesi, darbe
yukii altinda plastik deformasyona karsi daha yiiksek direng sergiledigine isaret ederken,
Al6061-T6'nin daha yiiksek yer degistirme degerleri daha fazla deformasyona ugradigini
gostermektedir. Giilcan ve ark. [20], A12024-T3 alasiminin A17075-T6'ya kiyasla daha ytiksek
stineklige sahip olmasinin, darbe yiikleri altinda deformasyonun daha genis bir bolgeye
yayilmasina olanak sagladigini ve bunun sonucunda iki alagimin farkli enerji absorpsiyonu ve
deformasyon davranisi sergiledigini bildirmistir. Bu durum, mevcut ¢calismada A12024-T3'liin
Al7075-T6'ya kiyasla daha yiiksek maksimum yer degistirme sergilemesiyle uyumludur.

Hasar derecesi (Damage Degree, DD), darbe sirasinda levha tarafindan absorbe edilen enerjinin
baslangi¢ darbe enerjisine orani olarak tanimlanmakta ve darbe sonrasinda meydana gelen hasar
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seviyesinin nicel olarak degerlendirilmesine olanak saglamaktadir. Hasar derecesi O ile 1
arasinda degismekte olup, degerin 1'e yaklasmasi baslangi¢c darbe enerjisinin daha biiyiik bir
boliimiiniin levha tarafindan absorbe edildigini; daha diisiik DD degerleri ise darbe enerjisinin
daha biiyiik bir boliimiiniin elastik geri kazanim ve geri sekme yoluyla sisteme geri verildigini
gostermektedir [18]. Alasim tiirii ve darbe enerjisinin hasar derecesi iizerindeki ana etkileri
Sekil 4'te verilmistir. Ortalama DD degerleri incelendiginde, darbe enerjisinin artmasiyla hasar
derecesinin arttig1 goriilmektedir. Ortalama DD degerleri 10, 20 ve 30 J darbe enerjileri icin
sirastyla 0,787, 0,852 ve 0,884 olarak elde edilmistir. Darbe enerjisinin 10 J'den 20 J'ye
ylikselmesiyle DD yaklasik %8,3, 20 J'den 30 J'ye yiikselmesiyle ise yaklasik %3,8 oraninda
artmigtir. Elde edilen sonuglar, darbe enerjisinin yiikselmesiyle baslangi¢ enerjisinin daha
bliyiilk bir boliimiiniin levha tarafindan absorbe edildigini gostermektedir. Artan darbe
enerjisiyle birlikte levhada meydana gelen plastik deformasyon ve kalici hasar gelisiminin
artmasi, elastik geri kazanimin goreceli olarak azalmasina ve dolayisiyla DD degerinin
yiikselmesine neden olmaktadir.

Malzeme Darbe Enerjisi
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Sekil 4. Alasim tiirii ve darbe enerjisinin hasar derecesi (DD) lizerindeki ana etkileri

Alasim tiirii agisindan degerlendirildiginde, A12024-T3, A16061-T6 ve A17075-T6 alagimlarinin
ortalama DD degerleri sirasiyla 0,852, 0,889 ve 0,782 olarak belirlenmistir. En yiiksek ortalama
hasar derecesi A16061-T6 alagiminda, en diisiik deger ise A17075-T6 alasiminda elde edilmistir.
Al2024-T3 referans alindiginda, Al6061-T6'nin ortalama DD degeri yaklasik %4,3 daha
yiksek, A17075-T6'nin ise yaklasik %8,2 daha diisiik bulunmustur. Ayrica A17075-T6, A16061-
T6'ya kiyasla yaklasik %12,0 daha diisiik hasar derecesi sergilemistir. A17075-T6'nin daha
diisitk DD degeri, baslangi¢ darbe enerjisinin daha diisiik bir boliimiiniin kalic1 deformasyon ve
enerji absorpsiyonu siireclerinde tiiketildigine isaret etmektedir. Bu sonug, A17075-T6'nin ayni
zamanda incelenen alagimlar arasinda en diisiik maksimum yer degistirme degerini (2,77 mm)
gostermesiyle birlikte degerlendirildiginde, alasimin darbe yiikleri altinda plastik deformasyona
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kars1 daha yiiksek diren¢ gosterdigini desteklemektedir. Buna karsilik A16061-T6'nin hem en
yiksek ortalama DD (0,889) hem de en yliksek maksimum yer degistirme (3,37 mm) degerine
sahip olmasi, darbe sirasinda daha fazla deformasyona ugradigini ve baglangi¢ enerjisinin daha
biiyiik bir boliimiinii absorbe ettigini gostermektedir. Dolayisiyla alasimlar arasinda gézlenen
hasar derecesi farkliliklarinin, alagimlarin mekanik 6zellikleri ve darbe yiikleri altindaki plastik
deformasyon karakteristikleriyle iliskili oldugu degerlendirilmektedir.

3.1. Varyans Analizi (ANOVA)

Alasim tiirli ve darbe enerjisinin diisiik hizli darbe davranisi tizerindeki etkilerinin ve katki
diizeylerinin belirlenmesi amaciyla %95 giiven seviyesinde varyans analizi (ANOVA)
gergeklestirilmisti. ANOVA kapsaminda maksimum tepe yiki (F.x), maksimum yer
degistirme ve hasar derecesi (DD) yanit degiskenleri ayr1 ayr1 degerlendirilmistir. Analizlerde
malzeme ve darbe enerjisi ana faktorler olarak ele alinmis ve her bir faktoriin yanit degiskenleri
izerindeki katki oranlar1 belirlenmistir. Tim yanit degiskenlerine ait ANOVA sonuglar1 Tablo
4'de sunulmustur.

Tablo 4'de verilen ANOVA sonuglari incelendiginde, maksimum tepe yiikii (£, ,x) lizerinde en
etkili faktoriin %85,81 katki orani ile darbe enerjisi oldugu goriilmiistiir. Darbe enerjisi i¢in elde
edilen p = 0,002 degeri, bu faktoriin F,,, tizerindeki etkisinin %95 giiven seviyesinde
istatistiksel olarak anlamli oldugunu gdstermektedir. Malzeme faktoriiniin F, ., Uzerindeki
katki oran1 %10,11 olarak belirlenirken, p = 0,083 degeri nedeniyle %95 giiven seviyesinde
istatistiksel olarak anlamli bir etki gostermemistir. Bu sonug, ana etki grafiginde darbe
enerjisinin artmasiyla F,,x degerlerinde gdzlenen belirgin artisla uyumludur.

Maksimum yer degistirme agisindan degerlendirildiginde, darbe enerjisinin %90,88 katk1
oraniyla en etkili faktdr oldugu belirlenmistir. Malzemenin katki orani ise %38,76 olarak
hesaplanmistir. Darbe enerjisi (p < 0,001) ve malzeme (p = 0,002) faktorlerinin her ikisinin
de maksimum yer degistirme {izerindeki etkilerinin istatistiksel olarak anlamli oldugu
gorilmiistiir. Bununla birlikte, darbe enerjisinin %90,88'lik katki oranina sahip olmasi,
maksimum yer degistirme iizerinde darbe enerjisinin malzeme tiiriine kiyasla ¢ok daha baskin
bir etkiye sahip oldugunu gostermektedir.

Tablo 4. Tiim yanit degiskenleri i¢in ANOVA sonuglar1

Maksimum tepe yuku, Fmax

F SD KT KO F-Degeri P-Degeri Katki Orani (%)
M 2 4,905 2,4523 4,95 0.083 10,11
DE 2 41,631 20,8154 42,05 0,002 85,81
Hata 4 1,980 0,4950 4,08
Toplam 8 48,515 100

Maksimum yer degistirme miktari

174



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

M 2 0,54376 0,27188 48,89 0.002 8,76
DE 2 5,63876 2,81938 506,98 <0.001 90,88
Hata 4 0,02224 0,00556 0,36
Toplam 8 6,20476 100

Hasar Derecesi “DD”

M 2 0,017679 0,008839 8,35 0,037 48,07
DE 2 0,014860 0,007430 7,02 0,049 40,41
Hata 4 0,004236 0.001059 11,52
Toplam 8 0,036775 100

Kisaltmalar: M: Malzeme; DE: Darbe enerjisi; F: Faktorler;.

SD: Serbestlik derecesi; KT: Kareler toplami; KO: Kareler ortalamasi

Hasar derecesi i¢in elde edilen ANOVA sonuglarinda ise F,,x ve maksimum yer degistirmeden
farkll bir egilim ortaya ¢ikmistir. Hasar derecesi iizerinde en yliksek katki orani %48,07 ile
malzeme faktdriinde elde edilirken, darbe enerjisinin katki orani %40,41 olarak belirlenmistir.
Malzeme (p = 0,037) ve darbe enerjisi (p = 0,049) faktorlerinin her ikisinin de %95 giliven
seviyesinde hasar derecesi lizerinde istatistiksel olarak anlamli etkiye sahip oldugu
belirlenmistir. Bu sonug, hasar derecesinin yalnizca uygulanan darbe enerjisinden
etkilenmedigini, alagim tiirliniin de hasar derecesinin degisiminde dnemli bir rol oynadigini
gostermektedir. Genel olarak ANOVA sonuglar1 degerlendirildiginde, darbe enerjisinin
maksimum tepe yiikii ve maksimum yer degistirme iizerinde baskin faktor oldugu, hasar
derecesinde ise alagim tiirliniin darbe enerjisinden daha yiiksek bir katkiya sahip oldugu
belirlenmistir.

3.2. Coklu Yamit Optimizasyonu

Maksimum tepe yiikii, maksimum yer degistirme ve hasar derecesinin es zamanli olarak
degerlendirilerek en uygun alasim tiirii ve darbe enerjisi kombinasyonunun belirlenmesi
amaciyla tercih edilebilirlik fonksiyonu (desirability function) esasli coklu yanit optimizasyonu
gerceklestirilmistir. Optimizasyonda maksimum tepe yiikiinlin (F,,x) maksimize edilmesi,
maksimum yer degistirme ve hasar derecesinin (DD) ise minimize edilmesi hedeflenmistir. Her
bir yanit i¢in tercih edilebilirlik degeri O ile 1 arasinda tanimlanmakta olup, 0 degeri ilgili yanit
acisindan tamamen istenmeyen bir sonucu, 1 degeri ise hedeflenen kosulun tamamen
saglandigini ifade etmektedir. Farkli yanitlarin es zamanli olarak degerlendirilmesinde bireysel
tercih edilebilirlik degerleri birlestirilerek bilesik tercih edilebilirlik (composite desirability, D)
degeri elde edilmistir.

Optimizasyon isleminde ii¢ yanit degiskenine esit agirlik ve dnem derecesi atanmistir. Hasar
derecesi i¢in minimum hedef degeri 0,686 ve tist sinir 0,9167; maksimum yer degistirme i¢in
minimum hedef degeri 1,800 mm ve iist sinir 4,370 mm olarak tanimlanmigtir. Maksimum tepe
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yukii icin ise 6,866 kN alt sinir ve 14,411 kN hedef deger kullanilarak F, ,,'in maksimize
edilmesi amaglanmistir. Bu hedefler dogrultusunda elde edilen ¢oklu yanit optimizasyonu
sonuclar1 Tablo 5'de verilmistir.

Tablo 5. Coklu yanit optimizasyonu sonuglari

Maksi
Optimum Darbe Hasar a s;rrnum Bilesik tercih
P o derecesi e Fo.(kN) | edilebilirlik
alagim enerjisi (J) (DD) degistirme D)
(mm)
Al7075-T6 20 0,7927 2,8511 11,2938 0,5712

Coklu yanit optimizasyonu sonucunda optimum parametre kombinasyonu Al7075-T6 alasimi
ve 20 J darbe enerjisi olarak belirlenmis ve bu kombinasyon i¢in bilesik tercih edilebilirlik
degeri 0,5712 olarak elde edilmistir. Optimum kosulda tahmini hasar derecesi, maksimum yer
degistirme ve maksimum tepe yiikii degerleri sirastyla 0,7927, 2,8511 mm ve 11,2938 kN olarak
belirlenmistir. Elde edilen optimum kombinasyon, tek bir performans ¢iktisinin en iyi degerini
degil, ti¢ farkli performans kriterinin es zamanli olarak degerlendirilmesi sonucunda ortaya
c¢ikan en uygun ¢ozliimii temsil etmektedir.

Darbe enerjisinin 30 J'ye yiikselmesi maksimum tepe ylikiiniin artmasin1 saglamakla birlikte,
maksimum yer degistirme ve hasar derecesinin de artmasina neden olmaktadir. Buna karsilik
daha diisiik darbe enerjisi seviyelerinde maksimum yer degistirme ve hasar derecesi azalirken,
maksimum tepe yiikii i¢in hedeflenen yiiksek degerlerden uzaklasilmaktadir. Bu nedenle 20 J
darbe enerjisi, maksimum tepe ylkiiniin artirilmasi ile maksimum yer degistirme ve hasar
derecesinin azaltilmasi hedefleri arasinda daha uygun bir denge saglamistir. Ayrica A17075-T6
alasiminin ana etki grafiklerinde diisiik maksimum yer degistirme ve hasar derecesi degerleri
sergilemesi, coklu yanit optimizasyonunda bu alagimin optimum olarak belirlenmesini
desteklemektedir. Genel olarak sonuglar, incelenen deneysel tasarim sinirlari igerisinde A17075-
T6/20 J kombinasyonunun ii¢ performans kriteri acisindan en uygun c¢oziim oldugunu
gostermektedir.

4. Sonuclar

Bu calismada, havacilik uygulamalarinda kullanilan AI12024-T3, Al6061-T6 ve Al7075-T6
alasimlarindan olusan 2 mm kalinligindaki levhalarin 10, 20 ve 30 J darbe enerjileri altindaki
diisiik hizl darbe davranislar1 LS-DYNA kullanilarak sayisal olarak incelenmistir. Alagim tiiri
ve darbe enerjisinin maksimum tepe yukii (F,,5x), maksimum yer degistirme ve hasar derecesi
(DD) tizerindeki etkileri degerlendirilmis, ANOVA ile faktorlerin katki oranlart belirlenmis ve
coklu yanit optimizasyonu gerceklestirilmistir. Caligmadan elde edilen temel sonuclar asagida
Ozetlenmistir:

e Darbe enerjisinin 10 J'den 30 J'ye yiikselmesiyle ortalama F,,, degeri 7,99 kN'den
13,25 kN'ye, maksimum yer degistirme ise 2,04 mm'den 3,98 mm'ye ylikselmistir.
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Benzer sekilde ortalama DD degeri 0,787'den 0,884'e yiikselmis ve artan darbe
enerjisiyle levhalarin daha fazla deformasyona ugradigi ve baslangi¢ enerjisinin daha
biiylik bir boliimiinii absorbe ettigi belirlenmistir.

Alagim tiirii agisindan en yiiksek ortalama F, ., degeri 11,22 kN ile A17075-T6
alasiminda elde edilmis, A12024-T3 ise 11,14 kN ile oldukc¢a yakin bir davranis
sergilemistir. A16061-T6'nin ortalama F,, ,, degeri 9,61 kN ile incelenen alagimlar
arasinda en diisiik seviyede kalmigtir.

Maksimum yer degistirme bakimimdan A17075-T6, 2,77 mm ile en diislik ortalama
degeri sergilerken, A16061-T6'da bu deger 3,37 mm olarak belirlenmistir. A17075-
T6'nin A16061-T6'ya gore yaklasik %17,8 daha diisiitk maksimum yer degistirme
gostermesi, bu alagimin darbe yiikleri altinda plastik deformasyona karsi daha yiiksek
direng sergiledigini ortaya koymustur.

Hasar derecesi acisindan en diisiik ortalama deger 0,782 ile A17075-T6 alasiminda, en
yliksek deger ise 0,889 ile Al6061-T6 alagiminda elde edilmistir. A17075-T6, Al6061-
T6'ya kiyasla yaklasik %12,0 daha diisiik DD sergilemistir.

ANOVA sonuglarina gore darbe enerjisi, F,,x ve maksimum yer degistirme lizerinde
sirastyla %85,81 ve %90,88 katki oranlariyla baskin faktor olarak belirlenmistir. Hasar
derecesinde ise alagim tiirii %48,07 ile en yiiksek katki oranina sahip olmus, darbe
enerjisinin katkist %40,41 olarak hesaplanmistir. Bu sonug, alagim tiirii ve darbe
enerjisinin etkisinin degerlendirilen performans 6l¢iitiine bagli olarak degistigini
gostermistir.

Fax' maksimize edilmesi, maksimum yer degistirme ve DD'nin minimize edilmesi
hedefleriyle gerceklestirilen ¢coklu yanit optimizasyonunda optimum kombinasyon
Al7075-T6 alasimi ve 20 J darbe enerjisi olarak belirlenmistir. Bu kosulda bilesik
tercih edilebilirlik degeri 0,5712 olarak elde edilmis ve A17075-T6/20 J
kombinasyonunun incelenen tasarim sinirlari igerisinde {i¢ performans kriteri
acisindan en uygun dengeyi sagladigi belirlenmistir.

Genel olarak elde edilen sonuglar, diisiik hizli darbe kosullarinda yalnizca yliksek maksimum

yiik tagima kapasitesinin degil, deformasyon ve enerji absorpsiyon davranisinin da alagim
seciminde birlikte degerlendirilmesi gerektigini ortaya koymaktadir. Incelenen alasimlar

icerisinde Al7075-T6, yiiksek maksimum tepe yiikii ile diisiik maksimum yer degistirme ve

hasar derecesi sergileyerek ¢oklu performans kriterleri agisindan en avantajli genel davranist
gostermistir. Elde edilen bulgularin, diisiik hizli darbe yiiklerine maruz kalan hafif metalik

yapilarda uygun aliiminyum alagiminin se¢imine yonelik sayisal bir degerlendirme ¢ercevesi
sunabilecegi diistintilmektedir.
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OZET

Yeralti komiir madenlerinde havalandirma sistemleri, ¢alisma ortamina yeterli temiz havanin
saglanmasinin yani sira zararl gazlarin uzaklastirilmasi, termal kosullarin kontrolii ve yangin
durumlarinda olugan duman ve toksik gazlarin giivenli giizergahlara yonlendirilmesi a¢isindan
kritik oneme sahiptir. Bu ¢caligmada, bir yeralt1 linyit igletmesinin mevcut havalandirma sistemi
lic boyutlu sayisal modelleme yaklagimiyla incelenmis ve yangin gilivenligi agisindan optimize
edilmistir. Isletmeden elde edilen galeri geometrileri, fan 6zellikleri, hava hizlari, regiilatdrler
ve hava giris-¢ikis noktalar1 kullanilarak {i¢ boyutlu bir havalandirma ag1 olusturulmustur.
Model, saha hava hiz1 6l¢iimleriyle kalibre edilmis; mevcut durumda Al, A2 ve A6 olarak
kodlanan tiretim panolarindaki hava hizlarinin sirasiyla 0,1, 0,3 ve 0,2 m/s diizeylerinde oldugu
belirlenmistir. Fan kapasitesi ve regiilator agikliklarinin degistirilmesine dayali optimizasyon
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sonucunda ii¢c panoda da hava hizi 0,5 m/s seviyesine yiikseltilmistir. Optimize edilen ve
mevcut havalandirma sebekeleri tizerinde ti¢ farkli yangin senaryosu modellenmistir. Birinci
senaryoda yangin sonrasit CO’nun ocaktan uzaklastirilma siiresi 7 saatten 2 saat 46 dakikaya
diismiis ve yaklasik %60,4 iyilesme saglanmustir. Ikinci senaryoda temizlenme siiresi 4 saat 44
dakikadan yaklasik 2 saate diiserken, toksik gazlarin kontrollii doniis havasi giizergahlarinda
tutulabildigi belirlenmistir. Ucgiincii senaryoda ise eski {iretim alaninda modellenen
kendiliginden yanma olayinda optimizasyonun yangini daha kisa siirede sondurmek yerine
oksijen beslemesini sinirlandirarak yangini izole ettigi, iiretim ve ana ulasgim yollarindaki CO
konsantrasyonunu O ppm seviyesinde tuttugu gorlilmiistiir. Sonuglar, havalandirma
optimizasyonunun normal isletme kosullarindaki hava dagiliminin iyilestirilmesinin 6tesinde,
yangin sirasinda toksik gaz yayiliminin kontrolii ve giivenli tahliye yollarinin korunmasi
acisindan da 6nemli oldugunu gostermektedir.

Anahtar Kelimeler: Yeralti Komiir Madenciligi, Havalandirma Optimizasyonu, Yangin
Simulasyonu, Karbonmonoksit, Kendiliginden Yanma, Sayisal Modelleme.

ABSTRACT

Ventilation systems in underground coal mines are critical not only for supplying sufficient
fresh air to the working environment but also for removing harmful gases, controlling thermal
conditions, and directing smoke and toxic gases generated during fires toward safe return-air
routes. In this study, the existing ventilation system of an underground lignite mine was
investigated using a three-dimensional numerical modeling approach and optimized with
respect to fire safety. A three-dimensional ventilation network was constructed using mine
roadway geometries, fan characteristics, air velocities, regulators, and air intake and return
points obtained from the mine. The model was calibrated using field air velocity measurements.
Under the existing conditions, air velocities in the production panels designated A1, A2, and
A6 were determined to be 0.1, 0.3, and 0.2 m/s, respectively. Following optimization based on
adjustments to fan capacity and regulator openings, the air velocity in all three panels was
increased to 0.5 m/s. Three different fire scenarios were modeled using both the existing and
optimized ventilation networks. In the first scenario, the time required to remove CO from the
mine following the fire was reduced from 7 h to 2 h 46 min, corresponding to an improvement
of approximately 60.4%. In the second scenario, the clearance time decreased from 4 h 44 min
to approximately 2 h, while toxic gases were effectively confined to controlled return-air routes.
In the third scenario, involving a spontaneous combustion event modeled in an old production
area, the optimized ventilation system isolated the fire by limiting the oxygen supply rather than
extinguishing it more rapidly and maintained CO concentrations at 0 ppm along production and
main access routes. The results demonstrate that ventilation optimization is important not only
for improving airflow distribution under normal operating conditions but also for controlling
toxic gas dispersion and maintaining safe evacuation routes during mine fires.

Keywords: Underground Coal Mining, Ventilation Optimization, Fire Simulation, Carbon
Monoxide, Spontaneous Combustion, Numerical Modeling.
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1. GIRIS

Yeraltt komiir madenciligi; simirli ¢alisma hacmi, karmasik galeri geometrisi, yanici
malzemelerin varlig1 ve metan, karbonmonoksit ve diger zararli gazlarin olusabilmesi nedeniyle
yiiksek is saglig1 ve gilivenligi riski tasiyan faaliyetlerden biridir. Yeralt1 ocaklarinda elektrik
ekipmanlari, bantli konveyor sistemleri, dizel makineler, sicak ¢aligsma faaliyetleri ve komiiriin
kendiliginden oksidasyonu farkli nitelikte yanginlarin ortaya ¢ikmasina neden olabilmektedir.
Kapal1 yeralt1 ortaminda olusan 1s1, duman ve toksik gazlarin kisa siirede ¢alisma alanlarina
taginabilmesi, yanginlarin sonuglarin1 daha kritik héale getirmektedir (McPherson, 1993;
Hartman vd., 2012).

Havalandirma sistemi normal isletme kosullarinda calisanlara yeterli temiz hava saglamak,
zararhl gazlar1 ve tozu uzaklastirmak ve uygun mikroiklim kosullarin1 korumak amaciyla
kullanilmaktadir. Bununla birlikte sistemin 6nemi yangin durumunda daha da artmaktadir.
Yanginin olusturdugu termal yiik, hava yogunlugunu ve basing dagilimini degistirerek normal
hava akim diizeninin bozulmasina neden olabilir. Ayn1 zamanda mevcut hava akimi yangina
oksijen saglayarak yanma siddetini artirabilir ve olusan toksik gazlari aktif ¢alisma alanlarina
tastyabilir.

Bu nedenle yangin giivenligi agisindan amag yalnizca miimkiin olan en yiliksek hava debisini
saglamak degildir. Hava miktarinin ve yoniiniin, yangin1 gereksiz bi¢imde beslemeyecek ve
olusan duman ile toksik gazlar1 giivenli doniis havasi giizergahlarina yonlendirecek bigimde
kontrol edilmesi gerekir. Ozellikle goaf olarak tamimlanan eski iiretim alanlarinda diisiik
sicaklikli komiir oksidasyonu sonucunda agiga ¢ikan 1sinin yeterince uzaklastirilamamast,
kendiliginden 1sinma ve daha ileri asamada kendiliginden yanmaya neden olabilmektedir
(Carras ve Young, 1994; Beamish ve Arisoy, 2008).

Bu calismanin amaci, bir yeralti linyit isletmesinde mevcut havalandirma sisteminin saha
Olctimleri kullanilarak {i¢ boyutlu olarak modellenmesi, hava hizlar1 agisindan kritik liretim
bolgelerinin belirlenmesi ve fan-regiilator diizenlemeleri ile havalandirma sisteminin optimize
edilmesidir. Ikinci asamada mevcut ve optimize edilmis sistemler {izerinde ii¢ farkli yangin
senaryosu olusturularak CO yayilimi, gazin tahliye giizergahlar1 ve sistemin giivenli duruma
donme stireleri karsilastirilmistir.

2. MALZEME VE YONTEM
2.1. Calisma Sahasi ve Model Girdileri

Calisma, uzun ayak iiretim yonteminin uygulandigi, ¢ok sayida liretim ve hazirlik galerisinden
olusan bir yeralt1 linyit isletmesine ait gercek saha verileri kullanilarak gerceklestirilmistir.
Isletmenin ve bulundugu bélgenin adi bildiride anonimlestirilmistir. Sayisal modelde galeri
geometrileri, kesit alanlari, fan debileri, regiilator agikliklari, hava sizint1 oranlar1 ve gevresel
kosullar temel girdiler olarak kullanilmistir.
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Tablo 1. Havalandirma modelinde kullanilan baslica girdi parametreleri.

Model bileseni Deger / arahk Aciklama

Galeri kesiti 5x5m Model geometrisi
Hava yogunlugu 1,2 kg/m?3 Atmosfer kosulu
Bagil nem %80 Mikroiklim girdisi
Komiir 1s1 tiretim katsayisi 150-250 kJ/kg Oksidasyon/isil model
Is1 iletim katsayisi 0,25 W/mK Termal model
Regiilator agiklig %25-75 Parametrik senaryolar
Hava s1zintis1 %5-20 Sebeke kayiplari

2.2. U¢ Boyutlu Havalandirma Modeli ve Kalibrasyon

Isletmeye ait iki boyutlu iiretim ve hazirhk planlar1 6ncelikle bilgisayar destekli tasarim
ortaminda diizenlenmis; cakisan ¢izgiler, a¢ik uclar ve diigiim noktalarindaki siireksizlikler
giderilmistir. Diizenlenen geometrik ag daha sonra vektorel veri formatinda ti¢ boyutlu maden
havalandirma ve yangin simiilasyon yazilimina aktarilmistir. Model {izerinde ana ve yardimci
fanlar, havalandirma borular, kapilar, barajlar, regiilatorler ve yiizey baglantilar1 gergek
konumlarina gore tanimlanmaistir.

Modelin saha kosullarin1 temsil etme diizeyi, aktif calisma galerilerindeki anemometre
Olctimleri 1ile simiilasyondan elde edilen hava hizlarmin karsilastirilmast yoluyla
degerlendirilmistir. Risk degerlendirmesinde 0,5 m/s minimum hava hiz1 esas alinmis; CO i¢in
100 ppm degeri yasal siirekli maruziyet sinir1 degil, yangin senaryolarinda kritik gaz birikimini
belirlemek {izere kullanilan muhafazakar bir alarm esigi olarak tanimlanmistir. O2 <%19,5,
goriiniirlik <5 m ve 1slak termometre sicakligi >27 °C degerleri de degerlendirme 6Slgiitleri
arasinda yer almistir.

2.3. Havalandirma Optimizasyonu

Mevcut sistemde A1, A2 ve A6 panolarindaki hava hizlar1 sirasiyla 0,1, 0,3 ve 0,2 m/s olarak
belirlenmistir. Optimizasyon kapsaminda fan kapasiteleri, regiilator acikliklar1 ve hava dagilimi
degistirilerek parametrik senaryolar olusturulmustur. A6 bolgesindeki yardimci fan debisi 13
m?/s’den 25 m?*/s’ye ylikseltilmis; A1 ve A2 panolarinda ise hava akimini yeniden dagitmak
amaciyla ana hava giris kolunda %53 ve A2 taze hava giris kolunda %65 etkin agikliga sahip
regiilatorler tanimlanmustir.
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Uretim panolarinda hava hizi degisimi
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Sekil 1. Uretim panolarinda optimizasyon dncesi ve sonrast hava hizlarmin karsilastiriimast.
2.4. Yangin Senaryolar

Yangin performansinin degerlendirilmesi amaciyla havalandirma sebekesine 28 sanal sensor
yerlestirilmis ve ti¢ farkli senaryo olusturulmustur. Birinci senaryo 150 kg kauguk ve 50 L dizel
yakit i¢eren yliksek yaniciliga sahip bir yangini; ikinci senaryo 80 L hidrolik yag ve 20 kg PVC
esaslt malzeme yanginini; ligilincli senaryo ise eski lretim alaninda kendiliginden yanma
kosullarin1 temsil etmek iizere 5000 kg diistik kaliteli komiir yiikiinii kapsamaktadir. Her
senaryo, ayni baslangi¢ kosullarinda optimizasyon oncesi ve sonrasi havalandirma aginda
calistirtlmig; CO konsantrasyonu, gaz yayilim giizergahi ve sistemin giivenli duruma donme
stiresi karsilagtirilmigtir.

3. BULGULAR VE TARTISMA
3.1. Havalandirma Optimizasyonunun Etkisi

Optimizasyon sonucunda Al, A2 ve A6 panolarindaki hava hizlar1 0,5 m/s seviyesine
ylikseltilmistir. A6’da fan debisinin artirilmasiyla hava hizinin 0,2°den 0,5 m/s’ye ¢ikmasi,
yerel fan kapasitesi midahalesinin etkili oldugunu géstermistir. A1 ve A2’de ise regiilatorlerle
gergeklestirilen basing ve direng diizenlemesi ayni hedefe ulasilmasini saglamistir. Ayrica A2
bolgesindeki ikincil fan ve buna bagli havalandirma borusu hattina duyulan gereksinimin
ortadan kalkmasi, optimizasyonun potansiyel enerji ve bakim avantaji da saglayabilecegine
isaret etmektedir. Ancak tezde dogrudan enerji tiiketimi veya maliyet miktar1 verilmediginden
bu ekonomik katki nicel olarak hesaplanmamustir.

3.2. Birinci Yangin Senaryosu

Optimizasyon oncesinde 150 kg kaucuk ve 50 L dizel yiikiiyle gerceklestirilen birinci yangin
senaryosunda 30. dakikada yangin odagindaki CO konsantrasyonu 3613 ppm’e ulagsmistir. Ana
kavsakta 106,1 ppm, birinci saatte bazi alt kollarda 122,7 ve 111,4 ppm; ana egzoz hattinin giris
ve ¢ikis bolgelerinde ise 126,9 ve 126,1 ppm CO belirlenmistir. Mevcut sistemin CO agisindan
giivenli duruma donmesi yaklagik 7 saat stirmiistiir.
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Optimizasyon sonrasinda ayni senaryoda sistem 2 saat 46 dakikada giivenli duruma dénmiis ve
temizlenme siiresi yaklasik %60,4 oraninda azaltilmistir. Bu sonug, havalandirma
optimizasyonunun yalnizca anlik CO konsantrasyonunu degil, toksik gazin temiz hava ve
tahliye gilizergahlarindan uzaklastirilmasini ve sistemden atilma siiresini de 6nemli 6l¢ude
etkiledigini gostermektedir.

3.3. Ikinci Yangin Senaryosu

Ikinci senaryoda 80 L hidrolik yag ve 20 kg PVC esasli malzeme kullanilmistir. Optimizasyon
oncesinde 30. dakikada yangin odaginda 336,8 ppm ve A6’dan donen kirli hava yolunda 671,0
ppm CO belirlenmistir. Birinci saatte kirli hava doniis koridorundaki konsantrasyon 317 ppm
diizeyinde kalmistir. Mevcut sistem yangin gazlarini1 ancak 4 saat 44 dakika sonunda tamamen
uzaklastirabilmistir.

Optimizasyon sonrasinda 30. dakikada yangin odagindaki CO 183 ppm’e, kirli hava yolundaki
deger 180,2 ppm’e gerilemistir. Birinci saatte yangin odag ¢evresindeki CO 7 ppm diizeyine
inerken, gazin bliylik ol¢iide egzoz glizergahlarinda tutuldugu goriilmiistiir. Sistem yaklagik 2
saat sonunda yapinin genelinde CO’yu 0 ppm seviyesine diisiirmiis; ana ¢ikista ise yalnizca 5,2
ppm kalint1 belirlenmistir.

3.4. Kendiliginden Yanma Senaryosu

Ugiincii senaryo diger iki senaryodan farkli bir davranis gdstermistir. Eski iiretim alaninda 5000
kg diistik kaliteli komiir kullanilarak modellenen kendiliginden yanma olayinda optimizasyon
oncesinde 30. dakikada yangin odag1 ve yakin baglantilardaki CO konsantrasyonlar1 yaklagik
1900 ppm seviyesine ulagsmistir. Birinci saatte bazi doniis yollarinda 2000 ppm’in iizerinde CO
degerleri olusmus ve bat1 ¢ikislarinda yaklasik 399-418 ppm diizeyleri belirlenmistir. Sistem 5
saat 17 dakika 15 saniyede yangini sona erdirmis olsa da bu siiregte ocak ve egzoz yollarinin
onemli boliimii yliksek CO konsantrasyonlarina maruz kalmaistir.

Optimizasyon sonrasinda yangin yaklasik 10 saat 31 dakika siirmiis, yani yanginin sona erme
stiresi kisalmamistir. Buna karsilik ana nakliye ve taze hava giris yollarinda CO 0 ppm
diizeyinde tutulmus, toksik gazlar yangin bolgesi ve desarj koridorunda izole edilmis ve geri
tepme engellenmistir. Nihai durumda iiretim ve ana ulasim yollarinda CO 0 ppm, egzoz hattinda
ise yaklasik 0,1 ppm olarak hesaplanmaistir.

Bu sonug, yangin giivenliginde optimizasyon basarisinin yalnizca yangini ne kadar hizh
sondiirdiigii lizerinden degerlendirilmemesi gerektigini géstermektedir. Kendiliginden yanma
senaryosunda oksijen beslemesinin sinirlandirilmasi yanmay: yavaglatmis ve yangin siiresini
uzatmis; buna karsilik yanginin acik alevli ve kontrolsiiz bir olaya doniismesini engelleyerek
aktif calisma ve kagis giizergahlarini korumustur.
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Yangin senaryolarinda sistem temizlenme/izolasyon siresi

EEE Optimizasyon oncesi
109 mm Optimizasyon sonrasi

Sistemin glUvenli/temiz duruma gegis siresi (saat)

Senaryo 1 Senaryo 2 Senaryo 3

Sekil 2. Yangin senaryolarinda optimizasyon dncesi ve sonrasi sistem temizlenme/izolasyon
streleri.

Tablo 2. U¢ yangin senaryosunda optimizasyonun temel etkileri.

Senaryo E)ptm_nzasyon Optimizasyon Temel sonug
oncesi sonrasi
. Temizlenme suresi

1.K K+ | 7 sa. 2 sa. 46 dk.

aucuk + dize sa sa. 46d %60.4 azald:
2: Hidrolik yag + PVC | 4 sa. 44 dk. ~2 sa. Gagz tahliyesi hizland1
3: Kendiliginden yanma | 5 sa. 17 dk. 10sa 31k, | Durearts temiz hava

yollar1 korundu

3.5. Genel Degerlendirme

Yangin sirasinda hava miktarinin artirilmast her durumda giivenligin artacagi anlamina
gelmemektedir. Yiiksek hava debisi yangin iriinlerinin hizli uzaklagtirilmasma yardime1
olurken ayni zamanda yangin bolgesine daha fazla oksijen tasiyarak yanmay1 giiglendirebilir.
Ozellikle kendiliginden yanma agisindan hassas goaf alanlarinda hava sizitilarinin kontrol
edilmesi, toplam hava miktarinin artirilmasindan daha 6nemli olabilir.

Calismanin bulgulari, havalandirma optimizasyonunun ii¢ temel hedefi birlikte dikkate almasi
gerektigini gostermektedir: normal {iretim sirasinda yeterli hava hizinin saglanmasi, yangin
sirasinda temiz hava ve kacis giizergahlarinin korunmasi ve toksik gazlarin kontrollii bigimde
egzoz hatlarina yonlendirilmesi. Boylece sayisal modelleme, ger¢ek kosullarda giivenli bigimde
denenemeyecek acil durum senaryolarin 6nceden degerlendirilmesine olanak saglamaktadir.
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4. SONUCLAR

Bir yeralt1 linyit isletmesinin gergek geometrik ve havalandirma verilerinin kullanildigi bu
caligmada asagidaki temel sonuglara ulagilmistir:

* Mevcut durumda A1, A2 ve A6 liretim panolarindaki hava hizlarinin sirasiyla 0,1, 0,3 ve 0,2
m/s oldugu ve bu degerlerin 0,5 m/s minimum hava hizi kriterini karsilamadig: belirlenmistir.

» Fan kapasitesi ve regiilator acikliklarinin yeniden diizenlenmesi sonucunda {i¢ iiretim
bolgesindeki hava hizlar1 0,5 m/s’ye yiikseltilmistir.

* Birinci yangin senaryosunda sistemin CO acgisindan giivenli duruma dénme siiresi 7 saatten 2
saat 46 dakikaya indirilmis ve yaklasik %60,4 1yilesme saglanmistir.

« Ikinci yangin senaryosunda temizlenme siiresi 4 saat 44 dakikadan yaklasik 2 saate
diisiiriilmiis ve gazin temiz hava bolgelerine yayilimi 6nemli 6l¢iide sinirlandirilmistir.

» Kendiliginden yanma senaryosunda optimizasyon yanginin toplam siiresini azaltmamis;
oksijen beslemesinin sinirlandirilmasi nedeniyle siire yaklagik 5 saat 17 dakikadan 10 saat 31
dakikaya ¢ikmistir. Buna karsilik aktif iiretim, ana ulasim ve kagis yollarinda CO’nun 0 ppm
diizeyinde tutulmasi giivenlik agisindan daha dnemli bir kazanim saglamigtir.

* Yangin senaryolarinda havalandirma optimizasyonunun basar1 kriterinin yalnizca yanginin
sonme siiresi olmadigr; CO yayilimi, temiz hava koridorlarinin korunmasi, geri tepmenin
onlenmesi ve kontrollii gaz tahliyesinin birlikte degerlendirilmesi gerektigi ortaya konmustur.

Sonug olarak ii¢ boyutlu sayisal modelleme ve senaryo analizi, ger¢ek bir yeralti isletmesinde
deneysel olarak olusturulmast miimkiin olmayan yangin kosullarinin  6nceden
degerlendirilmesine olanak saglayarak acil durum planlamasi agisindan giiglii bir karar destek
yaklagimi sunmaktadir. Gelecek ¢alismalarda modelin dinamik sensor verileriyle gercek
zamanli giincellenmesi, fan ve regiilatorlerin CO-Oz-sicaklik dl¢timlerine gore otomatik kontrol
edilmesi ve yangin giivenligi ile enerji tiiketiminin birlikte ele alindig1 cok amagli optimizasyon
modellerinin gelistirilmesi 6nerilmektedir.
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OZET

Demir madeni zenginlestirme proseslerinden kaynaklanan ince taneli atiklarin depolanmasi,
arazi kullanimi ve uzun donemli ¢evresel etkiler bakimindan 6nemli bir atik yonetimi problemi
olusturmaktadir. Bu ¢alismada, demir madeni proses atiginin mekanik ve kimyasal aktivasyon
sonrasinda ¢imento esasli harglarda ikame malzemesi olarak kullanilabilirligi arastirilmistir.
Atik malzeme kurutma ve boyut kii¢liltme islemlerinden sonra 60 dakika siireyle bilyali
degirmende 6gltiilmiis; kimyasal aktivasyon asamasinda sodyum hidroksit (NaOH) ve sodyum
silikat (Na2SiOz3) esasli sistemler degerlendirilmistir. Har¢larda demir madeni atig1 farkli ikame
oranlarinda kullanilmis ve numunelerin 7, 28 ve 56 giinliilk mekanik performanslar1 basma ve
iic noktali egilme dayanimi deneyleriyle belirlenmistir. XRF sonuglarinda atigin baslica
bilesenleri SiO2 (%49,6), Fe203 (%30,0) ve Al203 (%10,8) olarak belirlenmistir. Kimyasal
aktivator kullanilmadan, yalnizca mekanik olarak aktive edilen atigin %5 ikame oraninda 56
giinliik basma dayanimi yaklagik 58,5 MPa’a ulagarak 52 MPa diizeyindeki referans numuneyi
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asmistir. NaOH aktivasyonu basma dayanimini genel olarak diisiiriirken, Na>SiO3 aktivasyonu
Ozellikle uzun kiir siiresinde daha olumlu sonu¢ vermis; %8 Na2SiOsz ve %20 atik ikamesinde
56 giinliik basma dayanimi 40,2 MPa olarak elde edilmistir. Egilme dayanimi1 bakimindan ise
Na.SiOz aktivasyonu belirgin bir iyilesme saglamis ve %8 NaySiOz ile %5 atik ikameli
numunede 56 giinde 16,0 MPa degerine ulasilmistir. Sonuglar, demir madeni proses atiginin
diisiik ikame oranlarinda mekanik aktivasyonla dogrudan degerlendirilebilecegini; kimyasal
aktivator tirii ve dozajmin ise hedeflenen mekanik Ozellige gore se¢ilmesi gerektigini
gostermektedir.

Anahtar Kelimeler: Demir Madeni Proses Atigi, Kimyasal Aktivasyon, Mekanik Aktivasyon,
NaOH, NazSiOs, Cimento Ikamesi, Basma Dayanimi.

ABSTRACT

Fine-grained wastes generated from iron ore beneficiation processes pose a significant waste
management challenge in terms of storage requirements, land use, and long-term environmental
impacts. In this study, the potential utilization of iron ore processing waste as a replacement
material in cement-based mortars following mechanical and chemical activation was
investigated. After drying and size reduction, the waste material was ground in a ball mill for
60 min. Sodium hydroxide (NaOH)- and sodium silicate (Na.SiOs)-based systems were
evaluated for chemical activation. Iron ore processing waste was incorporated into the mortars
at different replacement levels, and the mechanical performance of the specimens at 7, 28, and
56 days was evaluated through compressive and three-point flexural strength tests. XRF
analysis revealed that the waste was mainly composed of SiO2 (49.6%), Fe2O3 (30.0%), and
Al>O3 (10.8%). Without the use of a chemical activator, the mechanically activated waste at a
5% replacement level achieved a 56-day compressive strength of approximately 58.5 MPa,
exceeding that of the reference mortar, which was approximately 52 MPa. NaOH activation
generally reduced compressive strength, whereas Na.SiOs activation produced more favorable
results, particularly at longer curing ages. A 56-day compressive strength of 40.2 MPa was
obtained with 8% Na»SiO3 and 20% waste replacement. In terms of flexural strength, Na2SiOs
activation resulted in a notable improvement, reaching 16.0 MPa at 56 days for the mortar
containing 8% Na>SiOsz and 5% waste replacement. The results indicate that iron ore processing
waste can be directly utilized at low replacement levels following mechanical activation, while
the type and dosage of chemical activator should be selected according to the targeted
mechanical performance.

Keywords: Iron Ore Processing Waste, Chemical Activation, Mechanical Activation, NaOH,
Na>SiOs, Cement Replacement, Compressive Strength.

1. GIRIS

Madencilik faaliyetlerinde cevherin ekonomik bilesenlerinin kazanilmasi kadar, zenginlestirme
sonrasinda ortaya ¢ikan yliksek hacimli proses atiklarin giivenli ve siirdiiriilebilir bigimde
yonetilmesi de 6nem tagimaktadir. Demir cevheri zenginlestirme tesislerinde olusan ince taneli

190



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

atiklar; depolama alani ihtiyaci, uzun donemli stabilite ve gevresel etkiler nedeniyle 6nemli bir
yonetim yiikii olusturabilmektedir. Dairesel ekonomi yaklagimi, bu tiir atiklarin yalnizca
bertaraf edilmesi gereken bir malzeme olarak degil, uygun karakterizasyon ve on islemler
sonrasinda ikincil hammadde olarak degerlendirilmesini 6ngérmektedir.

Cimento sektord, yiksek enerji tiketimi ve CO2 emisyonlari nedeniyle alternatif baglayici ve
ek ¢imentolama malzemelerinin gelistirilmesinin yogun olarak arastirildigi alanlardan biridir
(Turner ve Collins., 2013). Portland ¢imentosunun belirli oranlarda endustriyel yan driinler
veya maden atiklariyla ikame edilmesi, klinker tiiketimini ve dogal hammadde kullanimini
azaltma potansiyeline sahiptir (Andrew, 2018; Scrivener vd., 2018). Bununla birlikte, bir
maden atigmin ¢imentolu sistemlerde etkili bicimde kullanilabilmesi yalnizca kimyasal
bilesimine degil; tane boyutuna, 6zgiil yiizey alanma, kristalin/amorf faz dagilimina ve
aktivasyon kosullarina da baglhdir.

Demir madeni atiklar1 ¢ogunlukla silis, aliimina ve demir oksit bakimindan zengin olmakla
birlikte, dogal haldeki kristalin yap1 ve diisiik reaktivite baglayicilik performansini
sinirlandirabilir. Mekanik aktivasyon, 0giitme yoluyla tane boyutunu kiiciiltiip 6zgiil yiizey
alanin1 artirirken; kimyasal aktivasyon, alkali ortamda silikat ve alliminat tdrlerinin
¢oziinmesini hizlandirarak yeni baglayici fazlarin olusumunu tesvik etmeyi amaglar. NaOH ve
Na>SiOs, alkali aktive edilmis sistemlerde yaygin olarak kullanilan aktivatorler arasindadir
(Provis ve van Deventer, 2009; Provis vd., 2015).

Duan ve arkadaslart (2016), demir cevheri atiklarinin alkali aktive edilmis sistemlerde
kullanilabilecegini ve mekanik performansin aktivator, prekiirsor bilesimi ve kiir kosullarindan
onemli oOl¢iide etkilendigini gdstermistir. Benzer bi¢imde, demir cevheri atiklarmin ek
cimentolama malzemesi veya ince agrega olarak degerlendirilmesi, uygun 6n islemler ve
karisim tasarimi ile mekanik ve cevresel acidan avantaj saglayabilmektedir (Liu vd., 2023;
Zhang vd., 2023).

Bu calismanin amaci, demir madeni proses atiginin mekanik 6gitme ve iki farkli alkali
aktivator kullanilarak hazirlanmasi sonrasinda ¢imento esasli harglarda ikame malzemesi olarak
performansini karsilastirmali bicimde ortaya koymaktir. Bu kapsamda atigin kimyasal ve
mineralojik 6zellikleri degerlendirilmis; farkli atik ikame ve aktivator oranlarinin 7, 28 ve 56
giinliik basma ve egilme dayanimlar lizerindeki etkileri incelenmistir.

2. MALZEME VE YONTEM
2.1. Malzemeler ve karakterizasyon

Calismada hammadde olarak bir demir madeni zenginlestirme tesisinden temin edilen ince
taneli proses atig1 kullanilmistir. Isletme ve saha adi bildiri kapsaminda anonimlestirilmistir.
Ham atik 105+£5 °C’de kurutulmus, boyut kii¢liltme islemlerinden gecirilmis ve daha sonra
laboratuvar tipi bilyali degirmende 500 g’lik partiler halinde 60 dakika 6giitiilmiistiir. Mekanik
aktivasyonun temel amaci, atigin tane boyutunu ¢imento inceligine yaklagtirmak ve kimyasal
reaksiyonlara agik 6zgiil ylizey alanin1 artirmaktir.
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Atigin kimyasal bilesimi X-151n1 floresansi (XRF), mineralojik yapis1 X-1sin1 kirinimi (XRD)
ile degerlendirilmistir. Tez verilerinde dzgiil agirlik 3,45 g/cm3, ham atigin baslangi¢ Blaine
inceligi ise yaklasik 1850 cm?/g olarak verilmistir. Harg iiretiminde CEM 1 42,5 R Portland
cimentosu, TS EN 196-1’¢ uygun CEN standart kumu ve sebeke suyu kullanilmistir.

Tablo 1. Demir madeni proses atiginin XRF ile belirlenen ana kimyasal bilesimi.

Bilesen Demir madeni proses atig1 (%)
SiO; 49,6

Fe203 30,0

Al;03 10,8

K20 4,24

Na20O 1,86

Ca0 1,17

MgO 1,01

Cl 0,0494

SOs 0,141

2.2. Har¢ tasarim ve aktivasyon yaklasimi

Ogiitiilmiis demir madeni atif1 ¢imento yerine farkli oranlarda ikame edilmistir. Deney
programinda %5, %10, %20, %30 ve %40’a kadar atik ikame oranlar1 degerlendirilmis;
kimyasal aktivasyon serilerinde NaOH ve NapSiOz esasli aktivatorler farkli dozajlarda
kullanilmigtir. Deney sonuglarinin karsilastirilmasinda o6zellikle %4, %6 ve %8 aktivator
diizeyleri 6ne ¢ikmistir. Kimyasal aktivator icermeyen seri, mekanik aktivasyonun tek basina
etkisini ortaya koymak amaciyla ayr1 olarak degerlendirilmistir.

Harg tiretiminde 450 g toplam baglayici, 1350 g CEN standart kumu ve yaklasik 225 g su esas
alinmigtir. Taze harglar 40x40x160 mm boyutlu prizmatik kaliplara iki tabaka halinde
yerlestirilmis ve her tabakaya 60 sarsma uygulanmistir. Numuneler 24 saat sonra kaliptan
cikarilarak yaklasik 20 °C sicaklikta kiir suyunda bekletilmistir.

2.3. Mekanik deneyler ve degerlendirme

Numuneler 7, 28 ve 56 gunliik kur sureleri sonunda ii¢ noktali egilme ve basma dayanimi
deneylerine tabi tutulmustur. Egilme deneyinde 40x40x160 mm prizmatik numuneler
kullanilmig; kirilma sonrasinda elde edilen parcalar basma dayanimi deneyinde
degerlendirilmistir. Sonu¢lar MPa cinsinden hesaplanmis ve ayni seri i¢in tekrarli 6l¢iimlerin
ortalamalar1 esas alinmistir. Calismanin temel karsilastirma eksenleri; aktivator tiirii, aktivator
orani, demir madeni atig1 ikame oran1 ve kiir siiresidir.

3. BULGULAR VE TARTISMA
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3.1. Atigin baglayicilik potansiyeli

XRF analizinde SiO2, Fe;03 ve Al>O3’lin toplam bilesimin biiyiik boliimiinii olusturmasi, atigin
silikat ve aliiminat iceren baglayici sistemlerde degerlendirilmesi agisindan Onemli bir
gostergedir. Bununla birlikte, kimyasal bilesim tek basina yiiksek puzolanik reaktivite anlamina
gelmemektedir. XRD degerlendirmelerinde manyetit, hematit ve kuvars gibi kristalin fazlarin
belirlenmesi, ham atigin reaktivitesinin smirlt olabilecegini gostermektedir. Bu nedenle
mekanik Ogiitme ile 6zgll ylizey alanmin artirilmasi deneysel tasarimin kritik asamasini
olusturmustur.

Literatiirde demir cevheri atiklarinin ¢ogu durumda tek basina yiiksek reaktiviteli bir prekiirsor
gibi davranmadig1, ancak ince 0giitme, alkali aktivasyon veya uygun ¢imentolu matrisle birlikte
kullanildiginda performansinin iyilestirilebildigi bildirilmektedir (Duan vd., 2016; Tole, 2022;
Zoetelief, 2022). Bu calismada elde edilen mekanik sonuclar da aktivasyon yonteminin
seciminin en az atik ikame oran1 kadar belirleyici oldugunu gostermistir.

3.2. Kimyasalsiz mekanik aktivasyon serileri

Kimyasal aktivatér kullanilmadan yalnizca 6giitiilmiis demir madeni atiginin kullanildig:
seriler, basma dayanimi bakimindan ¢alismanin en basarili sonuglarini vermistir. 56 giinliik kiir
sonunda %S5 atik ikameli numunenin basma dayanimi yaklasik 58,5 MPa’a ulasmis ve ayni
yastaki yaklagik 52 MPa’lik referans numuneyi asmistir. %10 ikame oraninda da yaklasik 52
MPa diizeyinde referansa yakin bir performans korunmustur. Buna karsilik ikame orani
%20’nin lizerine ¢iktiginda basma dayaniminda sistematik diisiis goriilmiis ve %40 ikamede
deger yaklasik 22 MPa seviyesine gerilemistir.

Bu davranis, diisiik ikame oranlarinda ince ogiitlilmiis atigin tane paketlenmesini iyilestiren
dolgu etkisi ve smirli puzolanik katkistyla agiklanabilir. ikame orami yiikseldikge hidratasyon
icin kullanilabilir klinker miktarinin azalmasi ve atigin daha diisiikk reaktivitesi nedeniyle
diliisyon etkisi baskin hale gelmektedir. Egilme dayaniminda da mekanik aktivasyon olumlu
sonug vermis; 56 giinliik %5 ikame serisinde 18,3 MPa ile yiiksek bir deger elde edilmistir. Bu
bulgu, yalnizca kimyasal aktivasyonun degil, uygun tane boyutuna getirmenin de atigin
performansin1 6nemli 6lciide degistirebildigini gostermektedir.

3.3. NaOH aktivasyonunun etkisi

NaOH ile aktive edilen serilerde basma dayanimlar1 kimyasalsiz mekanik aktivasyon serilerine
gore belirgin bicimde daha diisiik kalmistir. 28 giinliik referans numune yaklasik 42,5 MPa
dayanim gosterirken, %4 NaOH ve %S5 atik ikamesinde en yiiksek deger yaklasik 19,5 MPa
olarak belirlenmistir. NaOH oraninin %6 ve %8’e yiikselmesiyle dayanimlarin ¢gogunlukla 10-
15 MPa bandina gerilemesi, daha yiiksek alkali dozajinin bu hammadde i¢in dogrudan
performans artig1 saglamadigini gostermektedir. 56 giinliik kiirde en yiiksek NaOH serisi, %4
aktivator ve %S5 atik ikamesinde yaklasik 29,5 MPa’a ulagsmis; buna karsin 52 MPa’lik referans
degerinin altinda kalmastir.

NaOH serilerindeki bu sonug, alkali aktivasyonun her mineralojik bilesimde ayni sekilde
caligmadigini gostermektedir. Yiiksek alkalinite; ¢oziinme, jel olusumu ve hidratasyon dengesi
uygun degilse matrisin gelisimini olumsuz etkileyebilir. Bununla birlikte egilme dayaniminda
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daha olumlu bir tablo gbzlenmis ve 28 giinliik %4 NaOH-%10 atik kombinasyonunda yaklasik
13,7 MPa degerine ulasilmistir. Dolayisiyla NaOH kullanim1 basma dayanimi hedefi agisindan
avantajli gériinmese de, matrisin egilme davranisinda farkl: bir etki olusturmustur.

3.4. Naz2SiOs aktivasyonunun etkisi

Sodyum silikat aktivasyonlu seriler, NaOH serilerine gore daha ylksek basma dayanimi
saglamis ancak genel olarak kimyasalsiz diisiik ikame serilerinin gerisinde kalmistir. 28 giinliik
kiirde en yiiksek basma dayanimi %6 Na>SiOs ve %S5 atik ikamesinde yaklasik 27,5 MPa olarak
Olciilmiistiir. Kiir siiresinin 56 giine uzamasiyla dayanim gelisimi belirginlesmis ve %38
NaxSi03-%20 atik kombinasyonunda 40,2 MPa'a ulasilmistir. %4 NaSiOs ve %5 atik
ikamesinde ise yaklagik 38,5 MPa deger elde edilmistir.

Na>SiOs’iin en dikkat gekici etkisi egilme dayaniminda goriilmiistiir. 28 giinliik %4 Na.SiOs-
%5 atik serisi yaklasik 13,4 MPa egilme dayanimi verirken, 56 giinliikk %8 NazSiO3-%5 atik
serisi 16,0 MPa’a ulasmis ve yaklasik 8,0 MPa’lik referans degerinin iki katina ¢ikmistir. Bu
sonug, ¢oziinmiis silikat tiirlerinin matris igerisinde olusan baglayici ag yapisina katkisinin
cekme/egilme gerilmeleri altinda daha belirgin hale gelebilecegini diisiindiirmektedir. Ancak
bu yorumun mikroyapisal analizlerle desteklenmesi, mekanizmanin daha giivenilir bicimde
ortaya konulmasi agisindan gereklidir.

Tablo 2. Deneysel serilerde 6ne ¢gikan mekanik performans sonuglari.

Sistem Kur One cikan karisim ?GSF:Z;‘ dayanimi f:'\%li;:)e dayanimi
Referans 56 gun | %0 atik 52,0 8,0

Kimyasalsiz | 56 gun | %S5 atik 58,5 18,3

NaOH 28 gun | %4 NaOH + %S5 atik 19,5 -

NaOH 56 gun | %4 NaOH + %S5 atik 29,5 -

NazSiOs 28 glin | %6 NazSiOz + %5 atik | 27,5 -

NazSiOs 56 giin | %8 NazSiOs + %20 atik | 40,2 -

NazSiOs 56 glin | %8 NazSiOs + %S5 attk | - 16,0

Deneysel sonuglar birlikte degerlendirildiginde, demir madeni proses atiginin performansinda
“daha fazla aktivator = daha yiliksek dayanim” seklinde dogrusal bir iligki bulunmadig:
goriilmektedir. Basma dayanimi agisindan en uygun yaklasim, diisiik ikame oraninda mekanik
aktivasyonun tek basma kullanilmasidir. Ozellikle %5 ikame oraninda referansin agilmas ve
%10 ikamede referans seviyesinin korunmasi, ¢imento tiiketiminin smirlh Olcilide
azaltilabilecegini gostermektedir.

Kimyasal aktivasyon agisindan NazSiOs, NaOH’a gore daha basarili bir profil sergilemistir.
Buna ragmen Na»SiO3 serilerinin basma dayanimi bakimindan referans: asamamasi, kimyasal
aktivasyonun yalnizca aktivator dozaji lizerinden optimize edilemeyecegini; silikat modiili,

stvi/baglayict orani, kiir sicakligi, atigin mineralojik yapis1 ve inceligi gibi parametrelerin
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birlikte ele alinmas1 gerektigini ortaya koymaktadir. Ote yandan Na,SiOs ile elde edilen yiiksek
egilme dayanimlari, farkli kullanim amaglari i¢in 6nemli bir tasarim firsati sunmaktadir.

Bu sonuglar, demir cevheri atiklarinin uygun tasarim kosullarinda ¢imentolu kompozitlerde
degerlendirilebilecegini bildiren ¢alismalarla genel olarak uyumludur (Duan vd., 2016; Liu vd.,
2023; Palma vd., 2024). Ancak bu calismada kimyasalsiz mekanik aktivasyonun basma
dayaniminda kimyasal aktivasyon serilerinden daha basarili olmasi, atigin 6zgiin mineralojik
yapisinin ve tane boyutu optimizasyonunun kritik 6nemini géstermektedir.

4. SONUCLAR

Bu calismada demir madeni proses atiginin mekanik ve kimyasal aktivasyon sonrasinda
¢imento esasli harglarda ikame malzemesi olarak kullanilabilirligi arastirilmistir. Elde edilen
baslica sonuclar agagida 6zetlenmistir:

* Demir madeni proses atiginin XRF bilesiminde SiO2 (%49,6), Fe;Oz (%30,0) ve Al,O3
(%10,8) baskin bilesenlerdir. Bu kimyasal yapi, uygun 6n islemler sonrasinda baglayici
sistemlerde degerlendirme potansiyeline isaret etmektedir.

* Yalnmizca mekanik olarak aktive edilen atik, diisiik ikame oranlarinda en yiiksek basma
dayanimini vermistir. %5 atik ikamesinde 56 glinliik basma dayanimi1 yaklasik 58,5 MPa ile 52
MPa dizeyindeki referans numuneyi asmistir; %10 ikamede ise referansa yakin performans
korunmustur.

» Atik ikame oranmin %20’nin iizerine ¢ikarilmasi basma dayaniminda belirgin diisiise yol
acmistir. Bu nedenle yiiksek ikame oranlarinda diliisyon etkisi ve diisiik reaktif faz miktar
tasarimin temel sinirlayicilaridir.

* NaOH aktivasyonu, incelenen kosullarda basma dayanimi bakimindan uygun sonug
vermemistir. En yiiksek 56 giinlik NaOH serisi yaklasik 29,5 MPa ile referansin belirgin
bigimde altinda kalmistir.

* Na,SiOs3 aktivasyonu NaOH’a gore daha basarili olmus; %8 Na2SiO3 ve %20 atik ikamesinde
56 giinliik basma dayanimi 40,2 MPa’a ulagmustir.

» Egilme dayanimi agisindan en dikkat ¢ekici sonu¢ Na»SiOs aktivasyonunda elde edilmistir.
%8 Na2SiO3 ve %S5 atik ikameli numunenin 56 giinliik egilme dayanimi 16,0 MPa’a ulasarak
referans degerinin yaklasik iki kat1 olmustur.

* Sonuglar, yiiksek basma dayanimi hedeflenen uygulamalarda diisiik oranli ve mekanik olarak
aktive edilmis demir madeni atig1 kullaniminin; egilme performansinin 6n planda oldugu
uygulamalarda ise Na>SiOs esasli aktivasyonun arastirilmaya deger oldugunu gostermektedir.

Gelecek ¢alismalarda aktivator molaritesi ve silikat modiiliiniin sistematik optimizasyonu, 90
ve 180 giinlik uzun doénem dayanim deneyleri, SEM/XRD ile reaksiyon drinlerinin
dogrulanmasi, porozite ve su emme deneyleri ile ¢evresel performans ve yasam dongiisii
degerlendirmelerinin birlikte ele alinmasi onerilmektedir.
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ABSTRACT

The utilization of black mass obtained from the recycling of spent lithium-ion batteries in
cement-based materials may provide an alternative use for this material while reducing the
consumption of natural aggregates. This study experimentally investigated the effects of
replacing natural sand with black mass at different volumetric ratios on the early-age
compressive strength of cement mortars. Accordingly, five different mixtures were prepared
by replacing 0%, 25%, 50%, 75%, and 100% of natural sand by volume with black mass. The
mixtures were cast into 50 x 50 x 50 mm cube molds. The specimens were demolded after 24
h and air-cured under laboratory conditions. At the age of three days, three specimens from
each mixture were subjected to compressive strength testing. The mean compressive strengths
of the BMO, BM25, BM50, and BM75 mixtures were determined as 4.09, 1.35, 1.40, and 0.61
MPa, respectively. No measurable compressive strength was obtained for the BM100
specimens. The results indicate that high black mass replacement levels limit the early-age
mechanical performance of cement mortars under the investigated mixture and curing
conditions.

Keywords: Black mass, natural sand, lithium-ion battery recycling, compressive strength.

1. INTRODUCTION

Aggregates, which constitute the most important component of cement-based composites,
account for approximately 60-75% of the total concrete volume, with fine aggregates
comprising approximately 35% of this volume (Kirthika et al., 2020). The high demand for
river sand, which is frequently used as a natural fine aggregate, causes environmental
degradation, including the deterioration of riverbeds and ecological imbalances, as well as an
increased risk of flooding. For this reason, river sand extraction has been increasingly restricted
by governments, resulting in supply shortages over time (Lai et al., 2026). In recent years,
studies on the use of recycled materials in the production of new concrete are increasing in the
construction industry (Forero et al., 2022).
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The global transition toward clean energy and sustainable technologies, together with the rapid
growth of the electric vehicle (EV) market and the increasing need for efficient energy storage
systems, has led to a rise in demand for lithium-ion batteries (LIBs) (Siame et al., 2026). Owing
to their high energy density and lightweight structure, LIBs are suitable power sources for EVSs,
electronic devices, and numerous modern technological applications. With a compound annual
growth rate of approximately 16%, the global lithium-ion battery market was projected to reach
USD 95 billion by 2025. This growth is expected to result in approximately 11 million metric
tons of spent LIBs by 2030 (Roy et al., 2022).

According to the United States Geological Survey, 87% of the global lithium supply is allocated
battery production. The remaining 13% is distributed among ceramics and glass (4%),
lubricating greases (2%), and other applications (7%) (Zadeh et al., 2026). In this context,
recycling end-of-life LIBs can help mitigate environmental problems, such as the release of
toxic substances and fire hazards, while also reducing the energy required for the production of
new batteries (Pinegar et al., 2019).

Black mass is a fine powder obtained through the mechanical processing of spent batteries
(Kowalkinska, 2026). Its composition varies depending on the cathode chemistry of the
processed battery. Black mass is commonly obtained from batteries containing LCO and NMC
cathodes, which are widely used in the automotive and electronics sectors. It primarily contains
Li, Co, Ni and Mn, together with graphite originating from the anode, and may also contain
minor amounts of elements such as P, Fe, Cu, and Al (Mannu et al., 2026).

Given the limited research on the use of black mass in cement-based composites, the potential of this
fine-grained material as an alternative to natural sand warrants further investigation. The use of black
mass for this purpose may contribute both to the valorization of this recycling product obtained from
end-of-life batteries and to reducing consumption of natural aggregates. In this study, the effects of
replacing natural sand with black mass at different volumetric ratios on the three-day compressive
strength of cement mortars were investigated.

2. MATERIALS AND METHODS

In this study, a total of five mixtures were prepared, including one reference mixture. The
reference mixture, designated as BMO, contained only natural sand, whereas 25%, 50%, 75%,
and 100% of the natural sand by volume was replayed with black mass in the BM25, BM50,
BM75, and BM100 mixtures, respectively. The cement and water contents were kept constant
at 400 and the 404 kg/m3, respectively. The mixture proportions are presented in detail in Table
1.
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Table 1. Mixture proportions of black mass-containing mixtures

Mixture BM replacement Cement Water Sand Black mass
(vol. %) (kg/m?) (kg/m?) (kg/m?) (kg/m?)
BMO0 0 400 404 1747.7 0.0
BM25 25 400 404 1310.8 2353
BMS50 50 400 404 873.9 470.5
BM75 75 400 404 436.9 705.8
BM100 100 400 404 0.0 941.1

For mortar production, the cement was first dry-mixed with natural sand and/or black mass.
Water was then gradually added, and mixing was continued until a homogeneous mixture was
obtained. The resulting mortar mixtures ware cast into 50 x 50 x 50 mm cube molds. Three
specimens were demolded for each mixture. The specimens were demolded after 24 h and air-
cured under laboratory conditions until the day of testing.

('b') e

Figure 1. Materials and specimen used in the experimental study:
(a) black mass powder; (b) produced mortar specimens

Figure 1 shows the black mass used in the experimental study and the mortar specimens
produced at different replacement levels. The mixtures prepared by replacing natural sand with
black mass at specific volumetric ratios were cast into 50 x 50 x 50 mm cube molds. Following
demolding, the specimens were air-cured under laboratory conditions until the day of testing.
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Figure 2. Compressive strength test setup

Following three days of air curing, three cube specimens from each mixture were subjected to
compressive strength testing using a compression testing machine. Three cube specimens from
each mixture were tested for compressive strength. The compressive strength test setup is
shown in Figure 2.

3. RESULTS AND DISCUSSION

The effect of the black mass replacement level on mechanical performance was evaluated based
on the three-day compressive strength results presented in Table 2. The mean compressive
strength of the BMO reference mixture, which contained no black mass, was 4.09 MPa. The
BM25 mixture, in which 25% of the natural sand by volume was replaced with black mass,
exhibited a mean compressive strength of 1.35 MPa. This value corresponds to a 67.0%
reduction in compressive strength compared with the reference mixture.

The BM50 mixture, in which 50% of the natural sand by volume was replaced with back mass,
exhibited a mean compressive strength of 1.40 MPa, corresponding to a 65.8% reduction
relative to reference mixture. When the BM25 and BM50 mixtures were evaluated together,
their compressive strength values were found to be very similar. Increasing the replacement
level to 75% resulted in an 85.1% reduction in compressive strength, and no measurable value
was obtained for one specimen in this series. In the BM100 series, no measurable compressive
strength value was obtained for any of the specimens. Overall, the results indicate that the
incorporation of black mass adversely affected the three-day compressive strength and that the
loss of mechanical performance become more pronounced at high replacement levels.
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Table 2. Compressive strength results of black mass-containing mortars

Mixture Specimenl Specimen2 Specimen3 Mean Reduction
(MPa) (MPa) (MPa) (MPa) (%)
BMO 4.30 3.55 443 4.09 -
BM25 1.65 0.65 1.75 1.35 67.0
BM50 1.75 0.74 1.71 1.40 65.8
BM75 0.66 N/A 0.56 0.61" 85.1
BM100 N/A N/A N/A N/A N/A

The lower compressive strength observed in the black mass-containing specimens may be attributed
to differences in the physical and mechanical properties of black mass and natural sand. The reduction
in compressive strength with increasing black mass content may have resulted from the combined
effects of the material's fine particle size, heterogeneous structure, and the amount of water used in the
mixtures. The fine particle size of black mass may have increased the water demand of the mortar,
while the resulting high water-to-cement ratio may have contributed to the reduction in early-age
strength. Furthermore, insufficient bonding between the black mass particles and the cement paste may
have been another factor contributing to the observed strength reduction.

Mean Compressive strength (MPa)

N/A
BMO BM25 BMS50 BM75 BM100

Figure 3. Mean compressive strength results of black mass-containing mortars
Note: N/A indicates that no measurable compressive strength value was obtained for BM100.

Figure 3 provides a comparative presentation of the effect of replacing natural sand with black
mass on the mean three-day compressive strength of the mortars. The marked difference
between the reference mixture and the black mass-containing mixtures indicates that early-age
compressive strength was considerably affected even at low replacement levels. The similar
results obtained for the BM25 and BM50 mixtures suggest that increasing the replacement level
from 25% to 50% did not produce a linear change in the compressive strength under the

202



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

investigated conditions. The more pronounced reduction observed at the 75% replacement level
suggests that use of high amounts of black mass may adversely affect the mechanical integrity
of the mortar. Furthermore, the absence of a measurable compressive strength value for the
BM100 specimens indicates that the complete replacement of natural sand was not viable under
the investigated mixture conditions. However, these evaluations are based solely on three-day
compressive strength results. Therefore, no definitive conclusions can be drawn regarding the
long-term strength performance of black mass-containing mortars. Future studies should
investigate lower replacement levels, different water-to-cement ratios, and longer curing
periods.

4. CONCLUSIONS

In this study, the potential use of black mass obtained from the recycling of spent lithium-ion
batteries as an alternative fine aggregate in cement mortar mixtures was investigated. For this
purpose, 25%, 50%, 75%, and 100% of the natural sand by volume was replaced with black
mass. The three-day compressive strengths of the prepared mixtures were experimentally
evaluated. The main findings are summarized below.

e The highest mean three-day compressive strength was obtained for the BMO reference
mixture, with a value 4.09 MPa.

e The mean compressive strengths of the BM25 and BM50 mixtures were 1.35 and 1.40
MPa, respectively, indicating no marked difference in compressive strength between
the two mixtures.

e When the black mass replacement level was increasing to 75%, the mean compressive
strength decreased to 0.61 MPa, corresponding to an 85.1% reduction compared with
to the reference mixture.

e When the black mass replacement level was increased to 75%, the mean compressive
strength decreased to 0.61 MPa, corresponding to an 85.1% reduction compared with
the reference mixture.

e No measurable compressiv strength value was obtained for any of the BM100
specimens.

e The findings indicated that increasing the black mass content adversely affected the
early-age compressive strength of the mortars.

It should be noted that the findings of this study are limited to three-day compressive strength.
Future studies should investigate lower black mass replacement levels, different water-to-
cement ratios, and longer curing periods.
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OZET

Demiryolu yolcu tasima hizmetlerinde miisteri beklentilerinin belirlenmesi, hizmet gelistirme
caligmalarinin ilk asamasini olusturmaktadir. Bu beklentilerin uygulanabilir teknik
diizenlemelere donistiiriilmesi isletmenin hizmet iyilestirme kararlar1 agisindan ayr1 bir 6nem
tagimaktadir. Bu arastirmanin amaci, demiryolu yolcularinin hizmet gereksinimleri ile isletme
diizeyindeki teknik gereksinimler arasindaki iliskileri, Kalite Fonksiyon Gogerimi (KFG)
kapsaminda yapilandirmak ve teknik iyilestirme alanlarinin goreli onceliklerini belirlemektir.
Arastirmanin veri kaynagini daha once demiryolu yolcu hizmetlerinden yararlanmis 203
katilimcinin degerlendirmeleri olusturmaktadir. On dort miisteri gereksinimi, demiryolu hizmet
siirecine iliskin on iki teknik gereksinimle Kalite Evi altinda iliskilendirilmistir. iliskiler giiclii,
destekleyici ve iliskisiz durumlart temsil eden 9, 3 ve 0 puanlariyla degerlendirilmis; miisteri
gereksinimlerinin 6nem agirliklar ile iliski degerleri birlestirilerek teknik 6nem skorlari
hesaplanmigstir. Analiz sonucunda personel egitimi ve hizmet i¢i gelisim programlar1 en yiiksek
goreli teknik Oncelige sahip gereksinim olarak belirlenmistir. Yolcu bilgilendirme sistemi ile
acil durum ekipmanlarimin goriiniirligii ve erisilebilirligi diger yiiksek oncelikli teknik alanlar
olarak One ¢ikmistir. Elde edilen bulgular, Kalite Evi yaklasiminin yolcu beklentilerini
operasyonel ve teknik karar alanlariyla iliskilendirmede yapilandirilmis bir karar destegi
saglayabilecegini gostermektedir.

Anahtar Kelimeler: Kalite Fonksiyon Gogerimi, Kalite Evi, demiryolu yolcu tagimaciligi,
teknik gereksinimler, teknik énceliklendirme.
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ABSTRACT

In this study, a Ti-MOF-supported waste cinnamon bark biomass (Ti-MOF/CB) composite was
synthesised for the removal of antibiotics from aqueous media, and its performance in the
adsorption of tetracycline (TC) was investigated. The Ti-MOF/CB composite was prepared
using a hydrothermal method with terephthalic acid and titanium isopropoxide, and the
morphological properties of the resulting material were examined via SEM analysis.
Adsorption performance was evaluated based on various experimental parameters, such as
initial TC concentration, contact time and temperature. Isotherm experiments revealed that the
adsorption capacity increased with rising initial TC concentration, reaching levels of
approximately 55-56 mg/g at high concentrations. In time-dependent experiments, it was
observed that adsorption occurred rapidly at the outset, the adsorption rate decreased as the
contact time progressed, and removal values of around 6870 per cent were reached after
approximately 420-480 minutes. Thermodynamic results indicated that, due to negative AG®°
values, TC adsorption occurred spontaneously within the temperature range studied; that
adsorption was favoured by an increase in temperature; and that the process exhibited an
endothermic character, as indicated by positive AH® values. The results obtained demonstrate
that the Ti-MOF/CB composite is an effective and viable candidate adsorbent for the treatment
of water containing TC.

Keywords: Metal-organic framework, Adsorption, Tetracycline, Ti-based MOF.
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1. INTRODUCTION

Antibiotics, due to their widespread use in human and veterinary medicine, are among the
persistent organic pollutants frequently detected in water sources. Tetracycline (TC) is one of
the most commonly used antibiotics because of its broad-spectrum efficacy and low cost;
however, because it is not fully metabolized by organisms, a large portion of it enters
wastewater unchanged. Since its accumulation in aquatic environments leads to the spread of
antibiotic resistance genes and disruption of ecosystem balance, the removal of TC from water

has become a significant area of environmental research.

Traditional water treatment methods (biological treatment, chlorination, coagulation, etc.) are
generally insufficient for removing such pollutants due to the stable chemical structure of
antibiotics. Therefore, adsorption has become one of the preferred methods for antibiotic
removal due to its simple applicability, low cost, and high efficiency.

In recent years, metal-organic frameworks (MOFs) have become one of the material classes
attracting attention in adsorption applications due to their high porosity, large surface area, and
tunable structural properties [1]. Among these structures, titanium-based MOFs (Ti-MOFs)
show promising results in antibiotic adsorption due to both their chemical stability and their
ability to establish strong interactions with organic pollutants through active sites on their
surfaces [2]. However, the cost and reusability limitations of pure MOF structures have led to
the use of these materials in composite form with low-cost biomass-based support materials
[3.,4].

Combining waste biomass (such as agricultural and food industry wastes) with MOF structures
can both reduce material costs and improve adsorption performance by increasing the pore
structure and functional group diversity of the composite [5]. In this context, compositeting a
lignocellulosic biomass such as waste cinnamon bark (CB) with Ti-MOF offers a sustainable
and economical adsorbent development strategy.

This study investigated the usability of Ti-MOF/CB composite, synthesized by hydrothermal
method using terephthalic acid and titanium isopropoxide, for the removal of TC from aqueous
media. The morphological properties of the composite were examined using SEM analysis; its
adsorption performance was evaluated in terms of parameters such as initial TC concentration,

contact time, and temperature. The aim was to shed light on the potential applications of Ti-
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MOF/CB composite as a low-cost and sustainable adsorbent in combating antibiotic
contamination.
2. METHODS

2.1. Ti-MOF/CB synthesis and SEM analysis
To prepare the Ti-MOF-supported CB composite, 1.5 g of terephthalic acid was completely
dissolved in 50 mL of dimethylformamide, after which 1.85 mL of titanium isopropoxide was
slowly added. 3 g of cinnamon bark (CB) was added to the mixture and stirred. The mixture
was transferred to a stainless-steel-lined hydrothermal Teflon reactor and held at 150 °C for 15
hours. Scanning electron microscopy (SEM, Carl Zeiss Sigma 300 VVP) was used to analyze the
morphology of the sample.

2.2. TC removal experiments
In the isotherm experiments, 10 mg of adsorbent was weighed into Falcon tubes. TC solutions
with concentrations ranging from 10 to 200 mg/L were added to the adsorbents in 10 mL
volumes and shaken for 24 hours. In the time-dependent experiments, 10 mL of a 50 mg/L TC
solution was shaken with 10 mg of adsorbent for periods ranging from 10 to 480 min. For
thermodynamic studies, 10 mL of a 50 mg/L TC solution was again shaken with 10 mg of
adsorbent at temperatures ranging from 20 to 40 °C. At the end of the incubation period, the
samples were filtered through 0.45-micron filters to separate them from the solids, and their
absorbances were measured at 360 nm using a UV-Vis spectrophotometer.

3. RESULTS AND DISCUSSION

Figure 1 shows the SEM image of the Ti-MOF/CB composite synthesized by solvothermal
method. Examination of the image reveals that the composite has a heterogeneous and rough
surface morphology. The presence of voids and pores of varying sizes with irregular distribution
within the structure suggests a morphology that may contribute to the formation of active sites
where antibiotic molecules can reach the surface during adsorption. Furthermore, the small

particles and aggregations observed on the surface indicate that the Ti-MOF structure has
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formed/distributed on the CB surface. This heterogeneous and porous structure formed by the
combination of Ti-MOF and CB suggests that the composite may have gained an advantageous

structure in terms of surface area and accessible active sites for adsorption.
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Figure 1. SEM image of Ti-MOF/CB composite.

Figure 2 shows the adsorption behaviour of the Ti-MOF/CB composite at different initial TC
concentrations. It can be seen that the adsorption capacity (q.) increases significantly as the
initial TC concentration rises. Whilst q. was approximately 17-32 mg/g at low concentrations,
the capacity reached values of approximately 55-56 mg/g as the concentration increased.
However, the gradual limitation of the increase in . at high concentrations can be attributed to
the available active sites on the adsorbent surface beginning to become saturated. This
behaviour indicates that the adsorption capacity approaches an equilibrium value at high TC
concentrations. The results obtained demonstrate that the Ti-MOF/CB composite is an effective
adsorbent for the removal of TC from aqueous solutions.
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Figure 2. Isotherm graph of TC adsorption.

Figure 3 shows the change in TC adsorption of Ti-MOF/CB composite as a function of contact
time. In the initial stage of adsorption, it is observed that the adsorption percentage increases
rapidly with increasing contact time. The increase in adsorption capacity is more pronounced
within the first 120-180 minutes, which can be explained by the presence of numerous vacant
active sites on the adsorbent surface to which TC molecules can bind. The decrease in
adsorption rate and the gradual flattening of the curve in subsequent periods indicate that the
active sites are largely filled and the system is approaching adsorption equilibrium. After
approximately 420-480 minutes, the adsorption percentage reaches 68-70%, showing a
significant plateau trend. This result demonstrates that the Ti-MOF/CB composite exhibits

rapid initial adsorption followed by adsorption behavior approaching equilibrium in TC
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Figure 3. Time-dependent TC adsorption curve.
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Table 1 shows the thermodynamic parameters of TC adsorption on the Ti-MOF/CB composite
at different temperatures. It can be seen that, as the temperature is increased from 293 K to 313
K, the distribution coefficient (Kq) increases significantly from 4.78 to 31.64. This indicates
that the increase in temperature has a positive effect on the adsorption of TC molecules onto
the Ti-MOF/CB surface and that the adsorption process is temperature-sensitive. The fact that
the calculated AG® values for adsorption are negative at all temperatures (-3.81, -5.25 and -8.98
kJ/mol) indicates that TC adsorption can occur spontaneously within the temperature range
under investigation. Furthermore, the fact that the AG® values become more negative as the
temperature increases suggests that higher temperatures favour the feasibility of the adsorption
process. The positive AH® value (0.071 kJ/mol) given in the table indicates that the adsorption
is endothermic in nature and that an increase in temperature promotes adsorption. The positive
AS° value (256.24 J/mol K) indicates that disorder in the adsorbent—adsorbate system increases
during adsorption and that the molecular order of the system changes as TC molecules bind to

the surface.

Table 1 Thermodynamic coefficients of TC adsorption on Ti-MOF/CB.

T (K) Kd AHC (kJ/mol)  AGP°(kdJ/mol)  AS° (I/mol K)
293 478 -3.81

303 8.05 0.071 -5.25 256.24

313 31.64 -8.98

4. CONCLUSION

In this study, a Ti-MOF/CB composite was successfully synthesized for TC removal and its
adsorption performance was investigated. SEM analysis showed that the composite has a
porous and heterogeneous surface structure. The adsorption capacity increased with increasing
TC concentration, reaching approximately 55-56 mg/g. In time-dependent experiments,
adsorption initially occurred rapidly, reaching equilibrium at approximately 68—70% after 420—
480 minutes. Thermodynamic results showed that the adsorption was spontaneous and
endothermic, with negative AG® and positive AH® values. It was concluded that the Ti-
MOF/CB composite can be used as an effective adsorbent for TC removal.
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ABSTRACT

In this study, a silica aerogel-based adsorbent was prepared to remove malachite green (MG),
a toxic dye, from an aqueous medium, and its adsorption performance was investigated. The
silica aerogel was synthesized using the sol-gel method with TEOS as the precursor, and its
surface functional groups were characterised by FTIR analysis. The effects of initial
concentration, contact time and temperature on MG adsorption were investigated. Isotherm
experiments revealed that the adsorption capacity increased with rising MG concentration,
reaching a value of approximately 115-117 mg/g at high concentrations. In time-dependent
experiments, it was observed that adsorption was rapid initially and approached equilibrium as
time progressed. Furthermore, raising the temperature from 25°C to 45°C increased the
adsorption capacity from approximately 40.7 mg/g to 44.2 mg/g. The findings demonstrate that
silica aerogel is a potential adsorbent for the treatment of wastewater containing MG.

Keywords: Silica aerogel, Adsorption, Malachite green.

1. INTRODUCTION

Synthetic dyes released into water as a result of industrial activities have become one of the
most important sources of water pollution today. Malachite Green (MG), one of these dyes, is

a cationic triarylmethane dye and is widely used in the aquaculture sector against parasitic,
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fungal and bacterial infections in fish and fish eggs. However, it is known that MG has
carcinogenic, mutagenic and teratogenic effects, leads to bioaccumulation in living tissues and
creates serious toxic effects on aquatic ecosystems. Traditional treatment methods such as
coagulation-flocculation, membrane filtration and advanced oxidation are not always sufficient
in dye removal due to disadvantages such as high cost, secondary pollutant formation and
limited efficiency. Adsorption method, on the other hand, is one of the most commonly
preferred techniques for removing such pollutants from aquatic environments due to its ease of
application, low cost and high removal capacity [1]. In recent years, aerogel-based materials
have attracted attention as effective adsorbents due to their unique structural properties such as
high porosity, low density, and large surface area. Among these materials, silica aerogels stand
out in dye adsorption applications thanks to their synthesis by the sol-gel method, the suitability
of silanol (Si—OH) groups on their surfaces for functionalization, and their mechanical/chemical
stability [1]. Various studies have shown that silica aerogels synthesized using tetraethoxysilane
(TEQS) as a precursor exhibit high adsorption capacity against cationic dyes, both in their pure
form and after modification with metal or organic groups [2,3]. Furthermore, it has been
reported that different synthesis parameters (precursor ratio, surface modification, drying
method, etc.) directly affect the pore structure of the aerogel and thus its adsorption performance
[4].

This study investigated the usability of silica aerogel (SA), synthesized by sol-gel method using
TEQOS as a precursor, as an adsorbent for the removal of MG from aqueous media. The surface
functional groups of the synthesized material were characterized by FTIR analysis; and its
adsorption performance was examined in terms of initial concentration, contact time, and
temperature parameters, evaluating the potential of silica aerogel as a sustainable adsorbent in

the treatment of wastewater containing toxic dyes.

2. METHODS

2.1. Silica aerogel synthesis and FTIR analysis

20 mL tetraethoxysilane (TEOS) and 12 mL ethanol were mixed in a 50 mL beaker. Then, 4
mL oxalic acid (0.008 M) was added dropwise to this solution and stirred at 50 °C for 12 h.
Then, 0.4 mL ammonia solution (0.5 M) was added dropwise to this solution and then this
mixture was transferred to 10 mL volume syringes with cut tops. The cut tops of syringes were
covered with parafilm and kept at room conditions (25 °C) for 7 days to achieve gelation. To

remove ethanol from the gelled samples, i.e. for solvent exchange, they were brought into
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contact with hexane and then kept in trimethylsilyl chloride (TMCS) for 24 h for gel surface
modification. After 24 h of modifications, the gel was aged in hexane for 24 h to remove
unreacted materials. At the end of the aging process, the gel was dried at 60 °C for 24 h and
then silica aerogel was synthesized after calcination at 400 °C for 2 h. The surface functional
groups and bindings of SA was identified via FT-IR analysis (Perkin Elmer).

2.2. MG adsorption studies

In the isotherm experiments, 5 mg of adsorbent was weighed into Falcon tubes. MG solutions
with concentrations ranging from 10 to 300 mg/L were added to the adsorbents in 10 mL
volumes and shaken for 24 hours. For the examination of time, 10 mL of a 50 mg/L MG solution
was shaken with 5 mg of adsorbent for periods ranging from 30 to 480 min. For thermodynamic
studies, 10 mL of a 50 mg/L MG solution was again shaken with 5 mg of adsorbent at
temperatures ranging from 25 to 45 °C. At the end of the period, the samples were filtered
through 0.45-micron filters to separate them from the solids, and their absorbances were
measured at 615 nm using a UV-Vis spectrophotometer.

3. RESULTS AND DISCUSSION

When the FTIR spectrum of the silica aerogel is examined (Figure 1), the broad band observed
around 3410.75 cm™ is attributed to the hydroxyl (-OH) groups and adsorbed water molecules
present on the surface. The band at 1625.33 cm™' shows the O—H bending vibration of the
adsorbed water. The band around 1276.43 cm™ can be associated with the Si—O-Si vibrations
in the silica structure. The distinct and intense band observed at 1056.06 cm™ in the spectrum
represents the characteristic Si—O-Si asymmetric stretching vibration of the silica network. In
addition, the band at 961.23 cm™ corresponds to the Si—OH (silanol) groups on the surface, and
the band at 804.66 cm™! corresponds to the symmetric stretching vibrations of the Si—O-Si
bonds. These characteristic bands confirm that the obtained material has a silica-based structure

and that it contains hydroxyl groups on its surface.

215



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

102.6

100
T
341075

%5 1625.33

90
85
80
75
70
65
60
55
50

45

420

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0
cm1

Figure 1. FTIR spectrum of silica aerogel.

Figure 2 shows that the equilibrium adsorption capacity (q.) increases markedly as the initial
MG concentration rises. Whilst q. ranged from approximately 20 to 60 mg/g at low
concentrations, the adsorption capacity reached a level of approximately 115-117 mg/g as the
concentration increased. The limitation of the increase in capacity at high concentrations can
be explained by the gradual saturation of the active adsorption sites on the silica aerogel surface
and the system approaching adsorption equilibrium. These results demonstrate that silica
aerogel possesses a high adsorption capacity for MG removal.
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Figure 2. Isotherm graph of MG adsorption.

Figure 3 shows the effect of contact time on MG adsorption. It can be seen that the adsorption
capacity increases rapidly with contact time in the initial stage, rising from approximately 19

mg/g at 30 minutes to approximately 59 mg/g at 300 minutes. This rapid increase can be
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attributed to the large number of vacant active sites present on the adsorbent surface at the
outset. The fact that the change in adsorption capacity becomes quite limited after 300 minutes
indicates that the active sites have largely been filled and that the system reaches equilibrium

within the range of approximately 360-480 minutes.
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Figure 3. Time-dependent MG adsorption curve.

Figure 4 illustrates the effect of temperature on the MG adsorption capacity. It can be seen that
as the temperature rises from 25°C to 45°C, the q. value increases from approximately 40.7
mg/g to 44.2 mg/g. This increase suggests that, as temperature rises, MG molecules are able to
reach the active sites on the adsorbent surface, facilitating the adsorption process, and also
indicates that the adsorption may be endothermic in nature. However, the limited change in
capacity with increasing temperature demonstrates that temperature has a positive but relatively

modest effect on adsorption.
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Figure 4. The effect of temperature on the adsorption capacity of MG.

4. CONCLUSION

In this study, silica aerogel was synthesized and its adsorption performance in the removal of magnesium

glycerate was investigated. The functional groups of the synthesised aerogel powders were characterised

using FTIR analysis. The isotherm results indicated that the adsorption capacity increased with rising

magnesium glycerate concentration, reaching a value of approximately 115-117 mg/g. In the time-

dependent experiment, it was observed that adsorption occurred rapidly at the outset and reached

equilibrium after approximately 360-480 minutes. An increase in temperature, meanwhile, enhanced the

adsorption capacity, with a capacity of approximately 44.2 mg/g achieved at 45°C. This demonstrates

that silica aerogel can be used as an effective adsorbent for the removal of toxic MG dye from an aqueous

medium.
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ABSTRACT

In this study, the effects of short glass fiber reinforcement on the flexural mechanical properties
and microstructural behaviour of polyurethane (PUR)-based composites were investigated.
Short glass fibers with a length of 10 mm were incorporated into a polyol and isocyanate-based
PUR system at different reinforcement ratios. The flexural behaviour of neat PUR and glass
fiber reinforced PUR composites was experimentally evaluated in terms of flexural strength,
flexural modulus, and deformation. In addition, the microstructural characteristics of the
fracture surfaces were examined using scanning electron microscopy (SEM). The experimental
results showed that glass fiber reinforcement had a positive effect on the flexural strength of
the PUR based composites, with flexural strength increasing progressively with increasing glass
fiber content. Similarly, increasing the glass fiber content resulted in a significant improvement
in the flexural modulus, indicating enhanced stiffness of the composites. In contrast, the
deformation under flexural loading decreased considerably with the addition of glass fibers,
demonstrating a transition toward a stiffer and more deformation-resistant behaviour. These
findings indicate that short glass fibers act as effective reinforcing agents within the PUR matrix
and contribute significantly to the improvement of its mechanical performance. SEM
observations provided further insight into the distribution of glass fibers within the PUR matrix,
fiber-matrix interfacial interaction, and the morphological characteristics of the fracture
surfaces.

Keywords: Polyurethane composites; glass fiber; flexural strength; flexural modulus; SEM

analysis.
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1. INTRODUCTION

Polyurethane (PUR) is an important polymeric material with a high degree of design flexibility,
as it can be produced with a wide range of mechanical and physical properties through the
combination of different polyol and isocyanate components. Due to its low density, good impact
resistance, chemical resistance, energy absorption capacity, and ability to be produced at
different hardness levels, PUR is widely used in automotive, construction, energy, structural,
and various industrial applications. However, considerable research has been conducted on the
use of different reinforcing materials to improve the performance of neat PUR, particularly in
applications requiring high mechanical strength and stiffness. Glass- and carbon fiber
reinforced PUR composites are among the important material groups developed for this purpose
and are currently being considered for various engineering applications (Han et al., 2025). Fiber
reinforcement is one of the most effective approaches to increasing the load-bearing capacity
and stiffness of polymer matrices. In particular, glass fibers are widely preferred in polymer
composites due to their advantages, including high specific strength and elastic modulus,
relatively low cost, chemical stability, and compatibility with various manufacturing processes.
Chen and Ma (1994) investigated the mechanical properties of glass-, carbon-, and aramid fiber
reinforced PUR composites and reported that increasing the fiber content improved several
mechanical properties, particularly flexural strength and flexural modulus. Similarly, Husic
(2003) demonstrated that the mechanical properties of fiber reinforced PUR composites depend
not only on the type of fiber but also on the interaction between the fibers and the PUR matrix.
In addition to fiber length, content, distribution, and orientation, the quality of fiber/matrix
interfacial bonding has a significant effect on the mechanical performance of composites. Since
load transfer in short fiber reinforced composites occurs largely through shear stresses
developed at the fiber/matrix interface, fiber length and interfacial characteristics are critical
parameters governing the mechanical behaviour of the composite (Saliba et al., 2005). In
particular, increasing the fiber content can enhance the stiffness and load-bearing capacity of
the composite when appropriate fiber dispersion and sufficient interfacial bonding are achieved.
Indeed, a study on randomly oriented glass fiber reinforced PUR elastomers reported that the
elastic modulus increased with increasing fiber volume fraction and fiber length (Elkazaz et al.,
2020).

Recent studies on the mechanical properties of glass-fiber-reinforced PUR composites have
demonstrated that the manufacturing method, fiber content, fiber characteristics, and
fiber/matrix interface are decisive factors influencing composite performance. Han et al. (2025),
in a comprehensive review of glass- and carbon fiber reinforced PUR composites, reported that
the mechanical performance of these composites is significantly affected by manufacturing and
testing parameters and that substantial improvements in mechanical properties, including
flexural strength, can be achieved through different modification approaches. Although the
literature includes studies on both continuous fiber reinforced PUR systems and short fiber
reinforced systems, studies systematically evaluating the combined effects of adding chopped
glass fibers of a specific length to a PUR matrix at different weight fractions on flexural
strength, flexural modulus, and deformation behaviour remain relatively limited.

The aim of this study is to systematically investigate the effects of incorporating 10 mm long
chopped glass fibers into a PUR matrix at different reinforcement ratios on the flexural strength,
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flexural modulus, and deformation behaviour of the resulting composites. The originality of the
study lies in the comprehensive evaluation of the changes in mechanical properties resulting
from the incorporation of short, chopped glass fibers at different reinforcement ratios (0-
30wt.%) into a rigid polyurethane polymer matrix, together with the examination of fracture
surfaces using scanning electron microscopy (SEM) to establish a relationship between
mechanical behaviour and microstructural characteristics. Accordingly, the study aims to
provide a more comprehensive understanding of the contribution of glass fiber reinforcement
content to the mechanical performance of PUR-based composites and the role of fiber/matrix
interactions.

2. EXPERIMENTAL
2.1. Materials

In this study, polyester polyol and aromatic isocyanate (MDI) were used as the main matrix
materials in the production of polyurethane (PUR)-based composites. The polyester polyol and
aromatic MDI were commercially sourced from Yapi Kimya, Istanbul, Turkey. The polyol and
isocyanate components were combined in the appropriate mixing ratios specified by the
manufacturer and used to form the polyurethane matrix structure. Short/chopped E-glass fibres
were used as a reinforcing material to improve the mechanical properties of the PUR matrix.
The short glass fibres, 10 mm in length, were sourced from JUSHI Group Co., Ltd., China. The
glass fibres were incorporated into the PUR matrix at different reinforcement ratios to prepare
the composite specimens. In this study, PUR composites containing short glass fibres at
different weight percentages were produced, alongside a pure PUR reference material. The
basic properties and supply details of the materials used are given in Table 1 below.

Table 1. Materials used in the experiments, their key characteristics and supplier details
Materials Explanation Suppliers Origin

Polyester Polyol PUR main matrix component | Yap1 Kimya | Istanbul, Tlrkiye
Aromatic Isocyanate (MDI) | PUR main matrix component | Yap: Kimya | Istanbul, Turkiye
Short/Chopped Glass Fibre 10 mm long reinforcement Jushi Group | China

Co., Ltd.

2.2. Production of PUR Composites

A two component polyurethane (PUR) system based on polyester polyol and aromatic
isocyanate (MDI) was used in the production of glass fibre reinforced polyurethane (PUR)
composites. Firstly, the polyester polyol and aromatic MDI components, in specified quantities,
were combined in the appropriate mixing ratio to obtain a homogeneous PUR mixture. Whilst
pure PUR samples were prepared as reference materials, in the production of the glass fibre-
reinforced composites, short/chopped glass fibres 10 mm in length were added to the PUR
mixture at concentrations of 10 per cent, 20 per cent and 30 per cent by weight. The specified
quantity of glass fibres was added gradually to the polyol component and mechanically mixed
to ensure the fibres were distributed as homogeneously as possible within the matrix. The
aromatic MDI component was then added, and the mixture was stirred in a controlled manner,
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taking care to ensure the homogeneous distribution of the glass fibres within the PUR matrix.
The prepared mixtures were poured into suitable moulds to allow the polyurethane curing
reaction to take place and to shape the samples. Once the curing and solidification process was
complete, the resulting PUR composite panels were removed from the mould and used to
prepare bending test specimens. In this way, PUR composite specimens containing short glass
fibres in varying proportions alongside pure PUR were prepared, enabling a comparative
analysis of their mechanical properties. During the production process, particular attention was
paid to ensuring that the distribution of the glass fibres within the matrix was as homogeneous
as possible, with the aim of minimising the potential effects of irregularities in fibre distribution
on the mechanical behaviour of the composites. The prepared specimens were subsequently
subjected to flexural tests, and the resulting fracture surfaces were characterised using a
scanning electron microscope (SEM) to investigate the glass fibre—matrix interface interaction
and fibre distribution. The production process for glass fibre-reinforced polyurethane
composites is shown in Figure 1 below.

Production Process of Short Glass Fiber Reinforced PUR Composites

1. Raw Materials 2. Mixing of Polyol and Glass Fiber = 3. Addition of Isocyanate 4. Molding and Curing 5. Composite Plate 6. Specimen Preparation
< = S 28 -
£ - o~
Short glass fioer ) ) E—
4 (10 men) Pl \=
Polyester Polyol ~ Aromatic lsocyanate \ & ,./r < & \ —
ans Ki (M) » b 4 -
p Kimy,sanbel) R TR BY \\ i £ > / \ = | 4 \ =
| = | ™ S o=
Samples are cut from the composite
Short Glass Fiber Glass fibers are gradually ?dded Amma:ﬁc MDlis adt?ed The mixture is poured into a mold Cured composite plate m;:miﬁr::::g:m
(10 mm) 1o the polyol and machanically to the mixture and stired and allowed to cure. is demolded. banding test
(JUSHI GROUP CO. LD, China) mixed for uniform dispersion. until homogeneous. ing test.
Process Parameters: Glass fiber content: 10 - 20 - 30% (by weight) | Fiber length: 10 mm
— = = — J
. o
Three-Point Bending Test Process
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Support span (L) Fracture surface is examined
Bending test specimen e ) using a scanning electron microscope
(standard dimensions) Three-point bending test (SEM) to investigate fiber-matrix
interface and morphology.

Figure 1. The production process for glass fibre reinforced polyurethane composites

2.3. Test

Three-point bending tests were carried out in accordance with the 1SO 178 and ASTM D790
standards to determine the bending properties. In the tests, the support span was set to
approximately sixteen (16) times the specimen thickness, and the load was applied from the
mid-point at a controlled rate. Using the maximum load value obtained from the bending tests,
the bending strength was calculated according to the three-point bending theory by relating the
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product of the maximum load and the support span to the square of the specimen width (b) and
the square of the specimen thickness (h), as per the following formula.
aPL

T Shne

The Flexural Modulus was calculated using the slope of the load-deflection curve within its
linear region; it is directly proportional to the cube of the support span (L) and, depending on
the specimen geometry, is determined using the following formula.

IF AP
4bhE AD

=

In the formula above, AP/AD represents the slope of the load—deformation curve in the elastic
region, whilst the percentage deformation of the specimens under bending was calculated as
follows by relating the amount of deflection at the mid-point (D) to the specimen thickness or
height (h) and the support span (L).

6Dh
T IT

Figure 2. Schematic test setup for the three-point bending test

3. RESULTS AND DISCUSSION

Figure 3 shows the variations in flexural strength of polyurethane-based composite materials
containing pure polyurethane and chopped glass fibre at different ratios. Chopped glass fibre
10 mm in length was used in the production of the composites, and the reinforcement ratios
were set at 10 per cent, 20 per cent and 30 per cent by weight. Upon examining the flexural
behaviour of polyurethane (PUR) and PUR composites reinforced with chopped glass fibre, it
was observed that glass fibre reinforcement has a significant enhancing effect on the material’s
mechanical properties. Whilst the flexural strength of the pure PUR material was determined to
be 41.1 MPa, the flexural strength of the composites containing 10 mm long chopped glass fibre
at reinforcement ratios of 10 per cent, 20 per cent and 30 per cent by weight was measured as
51.2, 54.6 and 59.5 MPa, respectively. Accordingly, the flexural strength increased by
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approximately 24.6 per cent, 32.8 per cent and 44.8 per cent, respectively, compared to pure
PUR. The results obtained are generally consistent with previous studies on glass fibre
reinforced PUR composites. Chen and Ma (1994) reported that an increase in fibre content led
to an increase in flexural strength and flexural modulus in polyurethane composites reinforced
with glass, carbon and aramid fibres. Similarly, Husic et al. (2003) noted that the mechanical
properties of polyurethane based composites are closely related to the type of fibre used and the
fibre matrix interaction, and that glass fibre reinforcement significantly alters the mechanical
behaviour of the PUR matrix. A more recent review study also emphasised that the mechanical
performance of glass- and carbon-fibre reinforced polyurethane composites is significantly
influenced by the type of reinforcement, the production method and the fibre matrix interface
properties (Han et al., 2025). The increase in flexural strength can be explained by the fact that
glass fibres have higher strength and stiffness than the PUR matrix, and that a portion of the
applied load is carried by the fibres. Furthermore, where the fibres are sufficiently dispersed
within the matrix and the fibre-matrix interface is effective, the transfer of stress from the matrix
to the reinforcing elements increases the composite’s load-bearing capacity. Therefore, the
continuous increase in flexural strength observed when the glass fibre content is increased from
10 per cent to 30 per cent can be attributed to the increase in the load-bearing reinforcing phase
within the composite structure. The literature also reports that, in glass fibre-reinforced
polyurethane systems, fibre content is a key parameter in determining mechanical properties
(Husic, 2003; Han et al., 2025).
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Figure 3. The relationship between the flexural strength of PUR composites containing short glass fibres
and the glass fibre reinforcement ratio

Figure 4 shows the changes in the flexural modulus for polyurethane composites containing
varying proportions of chopped glass fibre reinforcement, compared to pure polyurethane.
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Upon evaluation of the flexural modulus results, it was observed that the flexural modulus,
which was 1070 MPa for pure PUR, increased to 1640, 2380 and 3050 MPa, respectively, with
10 per cent, 20 per cent and 30 per cent glass fibre reinforcement. Consequently, increases of
approximately 53.3 per cent, 122.4 per cent and 185.0 per cent, respectively, were achieved in
the flexural modulus compared to pure PUR. This marked increase in the Flexural modulus
demonstrates that the glass fibres significantly enhance the stiffness of the PUR matrix by
increasing the composite’s resistance to deformation. Similarly, Chen and Ma (1994) reported
a marked increase in the flexural modulus of polyurethane composites with increasing fibre
content. A study conducted by Husic (2003) also indicated that fibre type and fibre matrix
interaction play a significant role in the flexural modulus of PUR composites.
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Figure 4. The relationship between the Flexural Modulus of PUR composites containing short glass
fibres and the glass fibre reinforcement ratio

Changes in the deformation ratio of polyurethane composites containing pure polyurethane
(PUR) and chopped glass fibre reinforcement at different ratios are shown in Figure 5. The
addition of glass fibre reinforcement resulted in an inverse change in the deformation ratio. The
deformation ratio, determined to be 6.2 per cent for pure PUR, decreased to 3.8 per cent, 2.6
per cent and 2.5 per cent, respectively, following the addition of 10 per cent, 20 per cent and 30
per cent glass fibre reinforcement. These values correspond to reductions in the deformation
ratio of approximately 38.7 per cent, 58.1 per cent and 59.7 per cent compared to the pure PUR
polymer. Consequently, the addition of glass fibre caused the PUR matrix to exhibit stiffer
behaviour whilst limiting the material’s ability to deform under bending load. Similar behaviour
has been reported in glass fibre reinforced polyurethane systems, where it has been noted that
an increase in fibre content can enhance stiffness whilst reducing deformation capacity (Han et
al., 2025). Furthermore, it has been reported that, even under environmental conditions, the
combined evaluation of flexural strength, the flexural modulus and the deformation ratio in
bending is important for understanding the mechanical behaviour of glass fibre reinforced PUR
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composites (Panaitescu et al., 2019). Overall, the addition of 10 mm long chopped glass fibres
to the PUR matrix resulted in a significant increase in the flexural strength and modulus of
elasticity of the composites, whilst reducing the strain. In particular, the fact that the composite
containing 30 per cent glass fibres achieved the highest flexural strength and modulus of
elasticity indicates that, amongst the reinforcement ratios used, this composition exhibited the
highest strength and stiffness under flexural loads. However, it should be noted that changes in
mechanical properties depend not only on the fibre content but also on parameters such as fibre
distribution, fibre/matrix interfacial bonding, void content and manufacturing conditions (Han
et al., 2025).
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Figure 5. The relationship between the rate of deformation under bending and the glass fibre content in
PUR composites containing short glass fibres
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Figure 6. SEM microstructure images of the fracture surfaces of (a) pure PUR and (b) PUR composites
reinforced with 20wt.% glass fibre
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SEM analyses revealed that pore sizes in PUR composites reinforced with glass fibre tend to
decrease. Figure 6 shows SEM images of the fracture surfaces of (a) pure PUR and (b) a PUR
composite reinforced with 20 per cent by weight of glass fibre. It can be seen that the pores are
generally homogeneously distributed in both specimens and that the pore densities are similar.
However, whilst the pore sizes in the pure PUR were approximately 400-550 nm, they have
decreased to the range of 300-430 nm in the composite reinforced with 20 per cent glass fibre.
This indicates that the addition of glass fibres affects the internal morphology of the PUR
matrix, promoting the formation of smaller pores. It is thought that this change in pore size may
stem from the distribution of the glass fibres within the matrix and their influence on the
formation of the cellular structure during curing.

4. CONCLUSIONS

The following conclusions can be drawn from the study on glass fibre-reinforced, thermoset
polyurethane based composites.

1. Chopped glass fibre reinforcement significantly improved the mechanical performance of
the polyurethane matrix under bending and led to an increase in the strength and stiffness of the
composites.

2. Increasing the glass fibre content generally increased the flexural strength and flexural
modulus, whilst reducing the strain. This indicates that the glass fibres act as an effective load-
bearing and stiffness enhancing reinforcing element within the polyurethane matrix.

3. The findings indicate that chopped glass fibre reinforced polyurethane composites
constitute a suitable group of materials for use in engineering applications where high
mechanical strength and stiffness are required.

4. Considering the mechanical properties obtained, rigid polyurethane materials may find
applications in automotive interior and exterior trim components, non-structural panels,
insulation elements, machine parts and lightweight construction applications. Glass fibre
reinforced polyurethane composites, on the other hand, are considered to have the potential for
application in load-bearing and semi-load-bearing components in the automotive and transport
sectors, industrial machinery components, structural panels, energy and infrastructure
applications, and engineering components requiring high mechanical performance, owing to
their increased strength and stiffness.
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ABSTRACT

In this study, the effect of chopped glass fiber reinforcement on the compressive mechanical
behavior of rigid polyurethane (PUR) composites was investigated. A polyester polyol-
aromatic isocyanate-based PUR system was used as the matrix, while chopped E-glass fibers
with lengths of 4, 10, and 40 mm were incorporated into the PUR matrix at 10 and 20 wt.%
reinforcement levels. Neat PUR was used as the reference material to assess the contribution of
glass fiber reinforcement to the compressive performance of the polymer matrix. The prepared
materials were subjected to uniaxial compression testing, and their compressive strength,
compressive modulus, and strain at compression corresponding to the maximum compressive
load were determined. The effects of fiber length and fiber content on the mechanical response
of the composites were systematically evaluated. The experimental results demonstrated that
glass fiber incorporation considerably improved the compressive performance of rigid PUR
compared with the unreinforced matrix. Increasing the fiber length generally resulted in higher
compressive strength and compressive modulus, indicating more effective load transfer
between the polyurethane matrix and the reinforcing fibers. Increasing the glass fiber content
from 10 to 20 wt.% also enhanced the load-bearing capacity and stiffness of the composites. In
contrast, the strain at compression decreased with increasing fiber length and fiber content,
indicating that the reinforcing fibers restricted deformation of the polyurethane matrix and
increased its resistance to compressive deformation. In general, the results demonstrate that the
compressive mechanical properties of rigid PUR can be effectively tailored by controlling both
glass fiber length and fiber content. The findings provide useful insight into the relationship

between reinforcement parameters and compressive performance and demonstrate the potential
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of chopped glass fiber reinforced PUR composites for applications requiring enhanced strength,

stiffness, and dimensional stability.
Keywords: Polyurethane; glass fiber; compressive strength; compressive modulus; composite.

1. INTRODUCTION

Polyurethane (PUR) is a versatile polymeric material that can be produced with a wide range
of mechanical and physical properties by modifying the chemical structure and formulation of
its polyol and isocyanate components. Due to its low density, good dimensional stability,
chemical resistance, impact resistance, and ability to provide different levels of stiffness and
strength, PUR has found extensive use in automotive, construction, transportation, insulation,
and structural applications. In particular, rigid polyurethane systems are attractive for
lightweight engineering applications where low weight and adequate mechanical performance
are required. However, the mechanical performance of neat PUR may be insufficient for
applications involving relatively high mechanical loads, which has encouraged the development
of reinforced PUR systems. The incorporation of reinforcing fibers is an effective approach for
improving the mechanical performance of polymeric materials. Glass fiber is one of the most
widely used reinforcements because of its relatively high strength and stiffness, good thermal
and chemical stability, and favorable cost-to-performance ratio. The presence of glass fibers
within a polyurethane matrix can increase the load-bearing capacity of the composite by
facilitating stress transfer from the relatively compliant polymer matrix to the stiffer reinforcing
phase. Kumar and Kaur (2017) reported that the incorporation of glass fibers into rigid
polyurethane foam resulted in considerable improvements in compressive, tensile, and flexural
properties, which was attributed to the reinforcing effect of the fibers and the resulting changes
in the foam structure.

The mechanical response of glass fiber-reinforced PUR is strongly dependent on the amount of
reinforcement introduced into the matrix. Increasing the fiber content generally increases the
stiffness and strength of the composite because a larger fraction of the applied load can be
transferred through the reinforcing phase. However, the relationship between fiber content and
mechanical performance is not necessarily linear, particularly at high reinforcement levels.
Changes in fiber dispersion, matrix continuity, fiber-matrix interaction, and internal
morphology can influence the effectiveness of the reinforcement. In a study of glass fiber-
reinforced rigid polyurethane foams, Serban et al. (2016) investigated fiber contents of 5, 10,
and 20 wt.% and reported that fiber mass content had a greater influence on the mechanical
properties than fiber length. The authors also observed significant increases in stiffness and
strength with increasing fiber content. In addition to fiber content, fiber length is an important
parameter controlling the reinforcement efficiency of short-fiber composites. Longer fibers can
provide a greater effective load-transfer length and therefore improve the transfer of stress
between the polymer matrix and reinforcing phase. The importance of fiber length has been
demonstrated in polyurethane-based materials. Serban et al. (2016) investigated glass fiber
lengths of 12.5, 25, and 50 mm in rigid polyurethane foams and demonstrated that both fiber
content and fiber length affected the resulting mechanical properties, although fiber content
exerted the stronger overall influence. Similarly, Qiao et al. (2022) demonstrated that both fiber
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length and fiber volume fraction significantly affected the mechanical behavior of glass-fiber-
reinforced polyurea composites. Their results showed that increasing fiber length and fiber
content could improve the elastic modulus and compressive stress response, while longer fibers
also exhibited improved interfacial bonding with the polymer matrix.

The influence of glass fiber reinforcement on polyurethane-based materials has also been
observed under compressive loading. Han et al. (2010) investigated the mechanical behavior of
glass fiber-reinforced polyurethane foam and compared reinforced and unreinforced materials
using tensile, compression, and impact tests. Their results demonstrated the importance of glass
fiber reinforcement for improving the structural performance of polyurethane foam under
mechanical loading. Hamilton et al. (2013) further reported that the addition of milled glass
fibers altered the compressive and elastic behavior of polyurethane foams and that the
mechanical response was also affected by the material density and reinforcement configuration.
These findings indicate that the compressive behavior of reinforced PUR cannot be evaluated
solely on the basis of strength, since stiffness and deformation characteristics are also important
parameters for structural applications. The deformation behavior of reinforced PUR is
particularly important because an increase in strength and stiffness may be accompanied by a
reduction in deformation capability. Glass fibers restrict the deformation of the polymer matrix
and increase the resistance of the composite to compressive loading. Consequently, changes in
fiber length and content can affect not only the maximum compressive stress but also the strain
corresponding to the maximum load. Qiao et al. (2022) reported that increasing fiber volume
fraction and fiber length significantly influenced the stress-strain response and elastic modulus
of glass-fiber-reinforced polyurea composites. Therefore, simultaneous evaluation of
compressive strength, compressive modulus, and strain at compression provides a more
comprehensive understanding of the reinforcing mechanisms and deformation behavior of short
glass fiber-reinforced polyurethane composites.

Although previous studies have investigated glass fiber-reinforced polyurethane foams and
related polyurethane-based systems, comparatively limited attention has been given to the
combined effect of relatively different chopped glass fiber lengths and high reinforcement
contents on the compressive behavior of rigid PUR systems. In particular, systematic
comparisons involving short glass fibers with substantially different lengths can provide useful
information regarding the relationship between fiber geometry and load transfer within the
polymer matrix. Furthermore, evaluating the strain corresponding to the maximum compressive
load together with compressive strength and modulus can clarify the balance between enhanced
load-bearing capacity and restricted deformation.

Therefore, the present study investigates the effect of chopped E-glass fiber length and content
on the compressive mechanical behavior of rigid PUR composites. Glass fibers with lengths of
4, 10, and 40 mm were incorporated into the PUR matrix at 10 and 20 wt.%, while neat PUR
was used as the reference material. The effects of these reinforcement parameters were
evaluated in terms of compressive strength, compressive modulus, and strain at compression
corresponding to the maximum compressive load. The objective of this study was to determine
how fiber length and fiber content influence the load-bearing capacity, stiffness, and
deformation resistance of rigid PUR and to identify the reinforcement conditions that provide
the most effective improvement in compressive performance.
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2. EXPERIMENTAL
2.1. Materials

Polyurethane-based composite specimens were fabricated using a polyester polyol-aromatic
isocyanate system. The polyester polyol and aromatic methylene diphenyl diisocyanate (MDI)
employed in the formulation were supplied by Yap: Kimya, Istanbul, Tiirkiye. The two
components were mixed according to the manufacturer-recommended formulation to obtain the
neat PUR matrix. To enhance the mechanical performance of the polymer, chopped E-glass
fibres were selected as the reinforcing phase. The glass fibres, supplied by JUSHI Group Co.,
Ltd., China, had a nominal length of 10 mm. Composite formulations were prepared by
introducing the chopped glass fibres into the PUR system at predetermined weight fractions,
while an unreinforced PUR formulation was produced under the same processing conditions
and used as the reference material. Following mixing of the constituent components and
incorporation of the reinforcing fibres, the resulting formulations were molded to obtain
specimens suitable for mechanical characterization. Thus, a series of PUR composites with
different glass fibre contents was obtained, enabling the effect of fibre reinforcement on the
mechanical behavior of the polyurethane matrix to be evaluated.

2.2. Fabrication of PUR based Composites

Glass fibre reinforced PUR composites were manufactured using a two-component
polyurethane formulation consisting of a polyester polyol and an aromatic MDI-based
isocyanate. A neat PUR formulation was produced under identical processing conditions and
served as the reference material. For the reinforced formulations, chopped E-glass fibres with
a nominal length of 10 mm were incorporated into the polyurethane system at three different
concentrations of 10, 20, and 30 wt.%. The composite preparation was based on the
incorporation of the reinforcing phase into the polyol component prior to the polyurethane
reaction. For each formulation, the required amount of glass fibre was introduced progressively
into the measured polyol and mechanically dispersed until a visually uniform fibre distribution
was obtained. This fibre-containing polyol mixture was subsequently combined with the
predetermined amount of aromatic MDI. The resulting reactive mixture was mixed for a
controlled period to promote both efficient interaction between the two polyurethane
components and uniform dispersion of the fibres throughout the matrix. Immediately after
mixing, the reactive formulations were transferred into appropriately designed molds, where
the polyurethane formation and curing reactions proceeded. After sufficient curing and
solidification, the composite plates were de-molded and subsequently machined into specimens
with dimensions appropriate for the mechanical tests. The same procedure, excluding the
addition of glass fibres, was applied to the neat PUR formulation. Accordingly, four different
material configurations were obtained, comprising unreinforced PUR and PUR composites
containing 10, 20, and 30 wt.% chopped glass fibres. Maintaining a consistent processing route
for all formulations allowed the effect of glass fibre incorporation on the mechanical response
of the PUR matrix to be evaluated under comparable conditions. Particular emphasis was placed
on achieving a uniform fibre dispersion during mixing, since local fibre-rich or fibre-deficient
regions may lead to variations in stress transfer and consequently affect the measured
mechanical properties of the composites.
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2.3. Test Methods

The compressive properties of the neat rigid polyurethane (PUR) and short glass fibre-
reinforced PUR composites were evaluated under uniaxial compressive loading in accordance
with ASTM D1621. The specimens were positioned between the compression platens of a
universal testing machine, with particular attention paid to ensuring proper alignment and
uniform contact between the specimen surfaces and the loading platens. The compression tests
were conducted at a constant crosshead speed of 5 mm/min and continued until the maximum
compressive load was reached. A schematic representation of the compression test setup is
presented in Figure X.

The compressive stress was calculated from the applied compressive force and the initial cross-
sectional area of the specimen according to:
0. = Fma:c

= AD
where oc is the compressive strength (MPa), Fmax is the maximum compressive force (N), and
Ao is the initial cross-sectional area of the specimen (mm?2). A higher compressive strength
indicates a greater ability of the material to withstand compressive loads without failure or
excessive deformation.
Compressive modulus describes the stiffness of the material under compressive loading and
indicates its resistance to elastic deformation. It was determined from the slope of the initial
linear region of the compressive stress-strain curve:
E, — 8%
Mg,

where Ec is the compressive modulus (MPa), Acc\Delta\sigma_c is the change in compressive
stress (MPa), and Aec is the corresponding change in compressive strain. A higher compressive
modulus indicates a stiffer material and a greater resistance to deformation under compressive
loading.

Strain at compression was defined as the percentage reduction in the original specimen height

corresponding to the maximum compressive load. It was calculated using:
Lo — L
£ e = 07 Hmax oy gp
» LEI

where ec,max is the strain at compression at the maximum load (%), Lo is the initial specimen
height (mm), and Lmax is the specimen height at the maximum compressive load (mm). A
higher strain at compression indicates a greater deformation capacity of the material, whereas
a lower value indicates that the material exhibits greater resistance to compressive deformation.

3. RESULTS AND DISCUSSION

Figure 1 shows the variation in compressive strength of pure PUR and PUR composites with
different glass fibre lengths as a function of the glass fibre content. The compressive strength
results of neat rigid polyurethane (PUR) and short glass fiber-reinforced PUR composites
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produced with different fiber lengths and fiber contents are presented and compared. The
compressive strength of the neat PUR was measured as 34.2 MPa. At a constant glass fiber
content of 10 wt.%, the compressive strengths of the composites containing 4, 10, and 40 mm
long glass fibers were determined as 34.9, 41.1, and 44.3 MPa, respectively. These values
correspond to increases of approximately 2.0%, 20.2%, and 29.5%, respectively, compared
with the neat PUR. When the glass fiber content was increased to 20 wt.%, the compressive
strengths increased to 40.5, 43.8, and 46.3 MPa for the 4, 10, and 40 mm fibers, respectively.
Accordingly, the corresponding increases relative to the neat PUR were approximately 18.4%,
28.1%, and 35.4%. The results clearly demonstrate that both glass fiber content and fiber length
have a positive effect on the compressive strength of the rigid PUR composites. At a constant
fiber content of 10 wt.%, increasing the fiber length from 4 to 10 mm resulted in an increase in
compressive strength from 34.9 to 41.1 MPa, while a further increase in fiber length to 40 mm
increased the strength to 44.3 MPa. This behavior can primarily be attributed to the enhanced
stress-transfer capability of longer fibers. Short fibers have a limited effective embedded length
within the polymer matrix, whereas longer fibers provide a greater interfacial contact area and
mechanical anchorage between the glass fiber and PUR matrix. Consequently, a greater
proportion of the applied compressive load can be transferred from the relatively compliant
polyurethane matrix to the rigid glass fibers.

The same tendency was observed at 20 wt.% glass fiber content. The compressive strength
increased from 40.5 MPa for the 4 mm fiber composite to 43.8 MPa and 46.3 MPa for the 10
and 40 mm fiber composites, respectively. Therefore, increasing the fiber content from 10 to
20 wt.% also enhanced the compressive strength for all investigated fiber lengths. This increase
is associated with the larger amount of load-bearing glass fiber within the composite. The rigid
glass fibers restrict local deformation of the PUR matrix and contribute to the redistribution of
the applied compressive stress, resulting in a higher load-carrying capacity. The effect of fiber
content, however, was more pronounced for the shortest 4 mm fibers. Increasing the glass fiber
content from 10 to 20 wt.% increased the compressive strength from 34.9 to 40.5 MPa,
corresponding to an increase of approximately 16.0%. For the 10 mm fibers, the increase was
approximately 6.6%, while for the 40 mm fibers it was approximately 4.5%. This decreasing
incremental effect with increasing fiber length suggests that the contribution of additional fibers
becomes less pronounced when sufficiently long fibers are already present in the matrix. In
other words, the longer 40 mm fibers can utilize their reinforcing potential more effectively
even at 10 wt.% fiber content, whereas the shorter 4 mm fibers require a higher fiber
concentration to achieve a comparable load-bearing contribution.

The present findings are generally consistent with previous studies on short glass fiber-
reinforced polymer systems. Qiao et al. (2022) reported that increasing both glass fiber volume
fraction and fiber length enhanced the compressive mechanical response of polyurea-based
composites. The authors attributed this behavior to the increased load-bearing capability and
restriction of polymer-chain movement provided by the glass fibers. They also reported that
longer fibers exhibited better interfacial bonding with the polymer matrix. Importantly, their
results indicated that the effect of fiber volume fraction was more dominant than that of fiber
length, which is consistent with the present observation that increasing fiber content produces
a substantial improvement in compressive strength, particularly for the shorter fibers. A similar
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trend was reported for glass fiber-reinforced rigid polyurethane foams by Denay et al. (2012),
who investigated glass fiber contents of 5%, 10%, and 20% and fiber lengths between 12.5 and
50 mm. Their results showed that both fiber content and fiber length influence the mechanical
response of polyurethane-based materials, while fiber content had a greater overall effect than
fiber length. In addition, studies on glass fiber-reinforced polyurethane elastomers have
demonstrated that increasing fiber length and fiber volume fraction improves the mechanical
response because of enhanced stress transfer and reinforcement efficiency.

It should also be noted that the increase in compressive strength with fiber length is not linear.
For the 10 wt.% composites, increasing the fiber length from 4 to 10 mm increased the
compressive strength by 6.2 MPa, whereas increasing the length from 10 to 40 mm resulted in
a smaller increase of 3.2 MPa. A similar behavior was observed for the 20 wt.% composites,
where the corresponding increases were 3.3 and 2.5 MPa. This diminishing increase may
indicate that, beyond a certain fiber length, other microstructural parameters such as fiber
dispersion, fiber orientation, interfacial adhesion, void content, and local fiber entanglement
become increasingly important. Thus, although the 40 mm fibers provided the highest
compressive strength in the present study, the reinforcing efficiency of fiber length does not
appear to increase proportionally with fiber length. As a result, the highest compressive strength
of 46.3 MPa was obtained for the composite containing 20 wt.% of 40 mm long glass fibers,
representing an improvement of approximately 35.4% compared with the neat PUR. The results
demonstrate that increasing both fiber content and fiber length is an effective approach for
improving the compressive load-carrying capacity of rigid thermoset PUR composites.
Nevertheless, the progressively smaller increase obtained at longer fiber lengths suggests that
an optimum combination of fiber length and fiber content may exist, depending on the
dispersion quality, fiber-matrix interfacial adhesion, and processing conditions.
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Figure 1. Variation in the compressive strength of PUR composites with different glass fibre lengths as
a function of glass fibre content
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Figure 2 shows the variation in the compressive modulus of pure PUR and PUR composites
with different glass fibre lengths as a function of the glass fibre content. The compressive
modulus of neat rigid polyurethane (PUR) and short glass fiber-reinforced PUR composites was
evaluated as a function of glass fiber length and fiber content. The compressive modulus of the
neat PUR was measured as 111 MPa. At a glass fiber content of 10 wt.%, the compressive
modulus increased to 200, 235, and 332 MPa for composites containing 4, 10, and 40 mm long
glass fibers, respectively. These values correspond to increases of approximately 80.2%,
111.7%, and 199.1% relative to the neat PUR. When the glass fiber content was increased to
20 wt.%, the compressive modulus further increased to 263, 297, and 366 MPa for the 4, 10,
and 40 mm fiber-reinforced composites, respectively. Thus, the corresponding increases
relative to the neat PUR were approximately 136.9%, 167.6%, and 229.7%.

The results clearly demonstrate that both glass fiber length and fiber content have a pronounced
effect on the compressive stiffness of the rigid PUR composites. At a constant fiber content of
10 wt.%, increasing the fiber length from 4 to 10 mm increased the compressive modulus from
200 to 235 MPa, while a further increase to 40 mm resulted in a substantially higher modulus
of 332 MPa. This behavior can be attributed primarily to the more effective stress transfer
between the PUR matrix and the glass fibers with increasing fiber length. Longer fibers provide
a larger interfacial contact area and greater mechanical anchoring within the polymer matrix,
allowing the applied compressive load to be transferred more efficiently to the high-stiffness
glass fibers. Consequently, the deformation of the PUR matrix is more effectively restricted
and the overall compressive stiffness of the composite increases. A similar tendency was
observed for the 20 wt.% glass fiber-reinforced composites. The compressive modulus
increased from 263 MPa for the 4 mm fibers to 297 MPa for the 10 mm fibers and reached 366
MPa for the 40 mm fibers. The highest value obtained in the present study was therefore 366
MPa for the composite containing 20 wt.% of 40 mm long glass fibers, which represents an
increase of approximately 229.7% compared with the neat PUR. This substantial increase
demonstrates the strong reinforcing effect of the glass fibers on the elastic response of the PUR
matrix. The increase in compressive modulus with fiber content can be explained by the
increasing proportion of the rigid glass fiber phase within the composite. Glass fibers possess a
considerably higher elastic modulus than the polyurethane matrix and therefore resist
deformation under compressive loading. Increasing the glass fiber content from 10 to 20 wt.%
increases the number of load-bearing reinforcing elements and restricts the deformation of the
polymer matrix. Consequently, the composite exhibits greater resistance to elastic deformation.
This interpretation is consistent with previous studies on glass fiber-reinforced polyurethane-
based materials, in which increasing fiber content was found to significantly increase stiffness
and mechanical strength. Serban et al. (2016), for example, reported that both the stiffness and
strength of glass fiber-reinforced rigid polyurethane foams increased with increasing fiber mass
content, while fiber content had a stronger overall influence than fiber length. Their study also
showed that the microstructural characteristics and fiber distribution significantly affected the
scatter of the measured mechanical properties.

The effect of fiber length observed in the present study is particularly pronounced at 10 wt.%
fiber content. Increasing the fiber length from 4 to 40 mm increased the compressive modulus
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from 200 to 332 MPa, corresponding to an increase of approximately 66%. At 20 wt.% fiber
content, the corresponding increase was from 263 to 366 MPa, or approximately 39%. This
indicates that fiber length has a particularly strong influence when the amount of reinforcing
phase is relatively limited. At 10 wt.% fiber content, increasing fiber length appears to improve
the efficiency of load transfer considerably, whereas at 20 wt.% the larger amount of glass fiber
already provides a substantial reinforcing contribution.
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Figure 2. Variation in the Compressive modulus of PUR composites with different glass fibre lengths
as a function of glass fibre content

The present results are also consistent with the findings of Qiao et al. (2022), who investigated
the effects of glass fiber volume fraction and fiber length on the mechanical properties of glass
fiber/polyurea composites. Their results demonstrated that increasing both fiber volume
fraction and fiber length increased the elastic modulus and compressive stress of the
composites. The authors attributed this behavior to the restriction of polymer-chain movement
by the glass fibers and improved load-bearing capability of the fiber-reinforced structure. They
also reported better interfacial bonding for longer fibers, which supports the significant increase
in compressive modulus observed for the 40 mm fibers in the present study. It is noteworthy
that the increase in compressive modulus is considerably more pronounced than the increase in
compressive strength. For example, at 10 wt.% fiber content, increasing the fiber length from 4
to 40 mm increased the compressive strength from 34.9 to 44.3 MPa, corresponding to an
increase of approximately 26.9%, whereas the compressive modulus increased from 200 to 332
MPa, corresponding to an increase of approximately 66%. This difference indicates that glass
fiber reinforcement is particularly effective in restricting elastic deformation and increasing the
initial stiffness of the PUR composite. In other words, the addition of glass fibers affects the
elastic response of the composite more strongly than its ultimate compressive strength.
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The increase in compressive modulus is also consistent with the reduction in compressive
deformation observed in the present study. As the amount and length of glass fibers increase,
the fibers increasingly restrict the deformation of the PUR matrix. Therefore, the composites
become progressively stiffer and reach their maximum deformation or failure condition at lower
deformation levels. This simultaneous increase in compressive modulus and decrease in
compressive deformation is a typical indication of the transition from a relatively compliant
polymer matrix toward a more rigid fiber-dominated composite structure. Overall, the results
demonstrate that increasing both glass fiber content and fiber length is an effective method for
increasing the compressive stiffness of rigid thermoset PUR composites. Among all
investigated compositions, the 20 wt.% glass fiber/40 mm fiber composite exhibited the highest
compressive modulus of 366 MPa, which was approximately 3.30 times that of the neat PUR.
The results further indicate that, although both parameters are influential, fiber length becomes
particularly important at lower fiber contents because longer fibers provide more effective stress
transfer and mechanical anchoring within the PUR matrix.

The strain at compression of neat rigid polyurethane (PUR) and short glass fiber reinforced
PUR composites was investigated as a function of glass fiber length and fiber content. The
strain at compression of the neat PUR was measured as 7.8%. At a glass fiber content of 10
wt.%, the strain at compression decreased to 7.0%, 3.2%, and 2.8% for the composites
containing 4, 10, and 40 mm long glass fibers, respectively. When the glass fiber content was
increased to 20 wt.%, the corresponding strain values decreased further to 5.6%, 2.3%, and
2.1%, respectively. These results clearly demonstrate that both increasing glass fiber length and
increasing glass fiber content significantly restrict the compressive deformation of the PUR
matrix. For the 10 wt.% glass fiber composites, increasing the fiber length from 4 to 10 mm
reduced the strain at compression from 7.0% to 3.2%, corresponding to a reduction of
approximately 54.3%. A further increase in fiber length from 10 to 40 mm resulted in a strain
of 2.8%, representing an overall reduction of approximately 60.0% compared with the 4 mm
fiber composite. The same tendency was observed at 20 wt.% glass fiber content, where the
strain decreased from 5.6% for the 4 mm fibers to 2.3% for the 10 mm fibers and 2.1% for the
40 mm fibers. Thus, increasing fiber length considerably reduces the deformation capacity of
the composite, particularly when the fiber length is increased from 4 to 10 mm. The reduction
in compressive strain can primarily be attributed to the high stiffness of the glass fibers and
their ability to constrain the deformation of the PUR matrix. The neat PUR can undergo
relatively large deformation under compressive loading because the polymer matrix is capable
of significant molecular movement and viscoelastic deformation. Incorporation of rigid glass
fibers restricts this movement and transfers a portion of the applied load from the polymer
matrix to the reinforcing phase. As a result, the composite reaches its maximum compressive
stress at a lower deformation level.

The pronounced effect of fiber length can be explained by the improved mechanical anchorage
and stress-transfer efficiency associated with longer fibers. Longer fibers provide a greater
interfacial area with the PUR matrix and are therefore more effective in restricting local matrix
deformation. This is particularly evident in the present results: at 10 wt.% fiber content,
increasing fiber length from 4 to 40 mm increased the compressive modulus from 200 to 332
MPa, while simultaneously reducing the strain at compression from 7.0% to 2.8%. Thus, the
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approximately 66% increase in compressive modulus is accompanied by a 60% reduction in
compressive strain. This inverse relationship provides strong evidence that the longer glass
fibers substantially increase the rigidity of the PUR composite. Increasing the glass fiber content
from 10 to 20 wt.% produced a further reduction in strain at compression for all fiber lengths.
For the 4 mm fibers, the strain decreased from 7.0% to 5.6%, corresponding to a reduction of
approximately 20.0%. For the 10 mm fibers, the reduction was approximately 28.1%, from
3.2% to 2.3%, while for the 40 mm fibers it was approximately 25.0%, from 2.8% to 2.1%. The
greater amount of rigid glass fiber within the matrix increases the constraint on PUR
deformation and increases the number of load-bearing reinforcing elements. Consequently, the
composite exhibits a more restricted deformation response under compressive loading.

These findings are consistent with previous studies on glass fiber reinforced polyurethane based
materials. Denay et al. (2012) reported that glass fiber reinforcement significantly affects the
compressive response of rigid polyurethane foams and that the mechanical behaviour depends
on both fiber content and fiber length. The incorporation of glass fibers restricts deformation of
the polymeric matrix and increases the load-bearing capability of the composite. Similar
observations have been reported by Qiao et al. (2022), who showed that increasing glass fiber
content and fiber length improved the stiffness and compressive mechanical response of
polyurea-based composites. The authors attributed the improved mechanical behaviour to more
effective stress transfer and restriction of polymer deformation by the glass fibers. An important
observation in the present study is that the decrease in strain is more pronounced than the
increase in compressive strength. For example, at 10 wt.% glass fiber content, increasing the
fiber length from 4 to 40 mm increased the compressive strength from 34.9 to 44.3 MPa,
corresponding to an increase of approximately 26.9%, whereas the strain at compression
decreased from 7.0% to 2.8%, corresponding to a reduction of approximately 60.0%. This
indicates that the principal effect of increasing fiber length is not only an increase in the ultimate
load-carrying capacity but also a substantial reduction in the deformation capability of the
composite.
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Figure 3. Percentage deformation under compression of PUR composites with different glass fibre
lengths, as a function of glass fibre content

The simultaneous increase in compressive modulus and decrease in strain at compression
observed in this study is particularly significant. The compressive modulus increased from 111
MPa for neat PUR to 366 MPa for the 20 wt.% glass fiber/40 mm fiber composite, while the
strain at compression decreased from 7.8% to 2.1%. This represents an approximately 230%
increase in compressive modulus and a 73.1% reduction in strain. These results indicate a clear
transition from the relatively compliant behavior of the neat PUR matrix toward a considerably
stiffer and more deformation-resistant composite structure. In general, the results demonstrate
that increasing glass fiber length and content effectively reduces the compressive deformation
of rigid thermoset PUR composites. The lowest strain at compression, 2.1%, was obtained for
the composite containing 20 wt.% of 40 mm long glass fibers. This composition also exhibited
the highest compressive modulus (366 MPa) and compressive strength (46.3 MPa), indicating
that the combination of high fiber content and long fiber length provides the most effective
restriction of matrix deformation and the highest overall compressive stiffness among the
investigated compositions.

4. CONCLUSIONS

1. Glass fiber reinforcement significantly improved the compressive mechanical performance
of rigid PUR composites compared with neat PUR, demonstrating the effectiveness of short
glass fibers in enhancing the load-bearing capacity of the polyurethane matrix.

2. Both glass fiber length and fiber content played important roles in determining
compressive strength. In general, increasing the fiber length and reinforcement content
resulted in higher compressive strength, with the longest glass fibers providing the most
pronounced improvement.

3. The compressive modulus increased considerably with the incorporation of glass fibers,
indicating a substantial enhancement in the stiffness and resistance to compressive
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deformation of the rigid PUR matrix. The improvement became more pronounced with
increasing fiber length and fiber content.

4. The strain at compression decreased with increasing glass fiber length and content. This
behavior indicates that glass fiber reinforcement restricts deformation of the PUR matrix and
produces a stiffer composite with lower compressive strain capacity.

5. In general, the combined effects of glass fiber length and content demonstrate that longer
fibers and higher reinforcement levels are particularly effective for improving the
compressive strength and stiffness of rigid PUR composites, although this improvement is
accompanied by a reduction in deformation capability. These findings indicate that short glass
fiber reinforced rigid PUR composites can be effectively tailored for applications requiring
enhanced compressive load-bearing capacity and dimensional stability.
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EFFECT OF POLYMER ENCAPSULATION ON THE PHOTOCATALYTIC
EFFICIENCY OF SEMICONDUCTOR MATERIAL IN THE
PHOTODEGRADATION OF METHYLENE BLUE

Dr Refik ARAT
Istanbul University, refik.arat@istanbul.edu.tr - ORCID ID: 0000-0002-5330-1478

SUMMARY

Methylene blue (MB), which is widely used in industrial applications such as cosmetics,
textiles, and paints, poses a potential risk to the environment and human health because it
exhibits toxic effects on aquatic organisms—particularly fish and algae—even at low
concentrations. One of the methods employed to remove synthetic dye waste from water
sources is the photodegradation of dyes under sunlight using two-dimensional (2D)

semiconductor nanoparticles (NPs) that exhibit photocatalytic activity.

Graphitic carbon nitride (QCN)—a metal-free, 2D polymeric semiconductor material—is
utilized as a catalyst in various fields such as water splitting, the photodegradation of toxic
organic pollutants, and H> production, owing to its non-toxicity, low cost, narrow bandgap
(Eg ~ 2.7 eV), and high chemical stability. However, its practical application is limited by
intrinsic constraints such as rapid electron-hole recombination, limited surface area, and a
relatively wide bandgap. To overcome these disadvantages, this study achieved a narrowing of
the band gap to the 2.4 eV level by depositing heteroatoms onto the gCN nanosheets.
Furthermore, to investigate the effect of heteroatom on the photocatalytic activity of g-CN,
photodegradation experiments were conducted on a model organic dye, MB, under a solar
simulator. Accordingly, after 60 minutes, 82% of the MB underwent photodegradation with the
gCN catalyst, while 91% was degraded with the heteroatom-loaded sample. The degradation
rate constants for the photocatalysts, which followed pseudo-first-order degradation Kkinetics,
were calculated as 0.0279 min~* for gCN and 0.0407 min for the heteroatom-loaded sample;
thus, the heteroatom loading increased photocatalytic activity by approximately 1.5-fold.
Furthermore, the polymer-encapsulated photocatalyst degraded 84% of the MB after five
repeated uses, demonstrating reusability without a significant loss in photocatalytic activity.

Keywords: Photodegradation, Graphitic carbon nitride, Heteroatom doping, Methylene Blue,

Encapsulation.
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POLIMER KAPLAMANIN METILEN MAVISININ FOTOBOZUNMASINDA
YARIILETKEN MALZEMENIN FOTOKATALITIiK VERIMLILIGINE ETKIiSi

Dr Refik ARAT
Istanbul Universitesi, refik.arat@jistanbul.edu.tr - ORCID 1D: 0000-0002-5330-1478

OZET

Kozmetik, tekstil, boya gibi endustriyel uygulamalarinda yaygin bir sekilde kullanilan metilen
mavisi (MB), diisiik konsantrasyonlarda dahi basta balik ve algler olmak iizere suda yasayan
organizmalar icin toksik etki gdsterdiginden, ¢evre ve insan saglig1 agisindan potansiyel risk
olusturmaktadir. Su kaynaklarinin sentetik boyar madde atiklarindan arindirilmasinda
kullanilan yontemlerden biri de fotokatalitik etki gosteren iki boyutlu (2D) yari-iletken

nanopartikiiller (NPs) ile boyar maddelerin giin 15181 altinda fotodegredasyonudur.

Metal icermeyen, 2D polimerik yari-iletken bir malzeme olan grafitik karbon nitrir (gCN);
toksik olmamasi, diisiik maliyeti, dar bant aralig1 (Eq ~ 2,7 eV) ve yiiksek kimyasal kararlilig
sayesinde su ayrigtirma, toksik organik kirleticilerin fotodegradasyonu, H» Gretimi gibi farkli
alanlarda katalizor olarak kullanilmaktadir. Ancak, hizli elektron-bosluk rekombinasyonu,
siirlt ylizey alan1 ve nispeten genis bant araligi gibi igsel sinirlamalar nedeniyle pratik
uygulamasi kisithdir. Bu dezavantajlarin {istesinden gelebilmek amaciyla bu calismada gCN
nanotabakalarinin yiizeyinde heteroatom birikimi gerceklestirilerek bant araliginin 2,4 eV
seviyesine daralmasi saglanmistir. Ayrica heteroatom katkisinin gCN’nin fotokatalitik
aktivitesi lizerine etkisinin incelenmesi amactyla model organik boyar madde MB’nin solar
simiilator kullanilarak giin 15181 altinda fotodegradasyon deneyleri yapilmistir. Buna gore
MB’nin 60 dk sonunda gCN katalizorliigiinde %82’si, heteroatom katkili 6rnekte ise %91°1
fotodegradasyona ugramistir.  Psedé-birinci  dereceden bozunma  kinetigine uyan
fotokatalizorlerin bozunma hiz sabitleri, gCN igin 0,0279 dk!; heteroatom katkili drnek iginse
0,0407 dk* olarak hesaplanmistir. Buna gore heteroatom katkistyla fotokatalitik aktivite
yaklagik 1,5 kat artmistir. Ayrica polimerle enkapsiile edilen fotokatalizoriin, tekrarli 5
kullanim sonunda MB’nin %84’linii degrede ederek, fotokatalitik aktivitesinde onemli bir

azalma olmadan yeniden kullanilabilirligi kolaylastirilmistir.
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EPIDEMIOLOGICAL SURVEILLANCE OF AVIAN INFLUENZA IN AZERBAIJAN
POULTRY FARMS

Prof. Dr. Elnur Hasanov, Dr. Aysel Mammadova, Nigar Aliyeva
Faculty of Veterinary Medicine, Azerbaijan State Agricultural University

ABSTRACT

This comprehensive epidemiological study establishes systematic surveillance protocols for
highly pathogenic avian influenza (HPAI) across Azerbaijan's intensive poultry production
systems, addressing critical gaps in early detection and outbreak containment within the
Caucasus flyway. Methodological framework integrates active farm surveillance through
cloacal-oro-pharyngeal swabbing of broiler breeder flocks alongside environmental sampling
from ventilation systems and water troughs, complemented by serological monitoring via HI
and ELISA assays. Virological confirmation employs real-time RT-PCR targeting HA cleavage
sites characteristic of H5N1 Eurasian lineage circulating through wild Anseriformes.
Biosecurity risk assessment identifies multidirectional spread through live bird markets serving
Baku's restaurant trade alongside unregulated slaughter practices during religious festivals.
Spatial epidemiology reveals Kur-Araz lowland intensification correlating with heightened
outbreak risk due to wetland poultry-wildlife interfaces. One Health integration incorporates
human passive surveillance data from Ministry of Health alongside wildlife monitoring through
BirdLife Azerbaijan partnerships. Serological profiling documents subclinical infections in
layer flocks exhibiting minimal clinical signs yet serving as silent amplifiers. Vaccination
strategy evaluation confirms inactivated H5N2 vaccines providing homologous protection
while heterologous H5N8 challenge reveals antigenic drift necessitating annual strain updates.
Containment modeling establishes optimal culling radii balancing RO suppression with
economic viability. Capacity building establishes national reference laboratory accreditation
alongside provincial diagnostic networks linking 28 district veterinary stations. Policy
framework advocates Poultry Health Act mandating Al surveillance within national food safety
standards while positioning Azerbaijan as regional reference center for Transcaucasus avian
disease intelligence serving $450M poultry export economy supporting food security for 10
million consumers.

Keywords: avian influenza surveillance, Azerbaijan poultry, H5SN1 epidemiology, biosecurity
protocols, One Health
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PARASITIC INFESTATIONS AND ANTHELMINTIC RESISTANCE IN SHEEP
HERDS OF GARABAGH REGION

Assoc. Prof. Dr. Kamal Gurbanov, Dr. Leyla Ibrahimova, Dr. Farid Rahimov
Department of Parasitology, Azerbaijan State Veterinary Academy -

ABSTRACT

This field parasitology investigation characterizes gastrointestinal nematode burdens and
emerging anthelmintic resistance patterns across Garabagh's transhumant sheep production
systems where Haemonchus contortus, Trichostrongylus spp., and Nematodirus dominate
summer pasture infections. Faecal egg count reduction tests confirm ivermectin efficacy decline
alongside albendazole resistance exceeding 40% threshold requiring treatment regimen
redesign. Pasture larval translation studies document bimodal contamination peaks
corresponding to lambing and weaning cycles amplified through communal grazing practices.
Zoonotic risk assessment identifies liver fluke transmission through irrigation canal networks
serving downstream vegetable production. Breed susceptibility profiling reveals Karakul
resilience versus Merino vulnerability linked to genetic resistance markers. Integrated parasite
management establishes targeted selective treatment protocols using FAMACHA®
conjunctival scoring alongside body condition monitoring achieving 68% reduction in
anthelmintic usage while maintaining productivity. Botanical dewormers including Allium spp.
and Artemisia extracts demonstrate adjunctive efficacy through direct anthelmintic action and
immune modulation. Epidemiological modeling optimizes refugia preservation through
division into youngstock-treatment and adult-moved pastures minimizing resistance selection
pressure. Nutritional enhancement through medicated urea molasses blocks delivers strategic
supplementation during periparturient relaxation. Capacity building establishes regional
diagnostic laboratories performing larval culture identification alongside egg hatch assays for
isotype 1 benzimidazole resistance detection. Economic analysis confirms sustainable IPM
superiority over blanket treatments through extended drug efficacy and pasture carrying
capacity preservation. Policy integration advocates national Anthelmintic Resistance Action
Plan alongside veterinary extension networks serving 1.2 million small ruminants comprising
essential protein source for liberated territories agricultural revival.

Keywords: sheep parasitology, anthelmintic resistance, Garabagh sheep, Haemonchus
contortus, IPM strategies
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MEDICINAL PLANT EXTRACTS FOR TREATING MASTITIS IN DAIRY SHEEP
OF CRETE

Dr. Dimitri Papadakis, Eleni Stavrou, Prof. Dr. Nikos Karamanos
Faculty of Medicine, University of Crete - Greece

ABSTRACT

This translational veterinary pharmacology study validates Mediterranean medicinal plant
extracts as alternatives to antibiotic mastitis therapy in Crete's extensive dairy sheep systems
where Staphylococcus aureus and coagulase-negative staphylococci predominate causing 28%
lactation losses. Phytochemical standardization establishes thymol-carvacrol rich oregano
extracts alongside rosmarinic acid dominant sage preparations exhibiting bactericidal activity
through membrane permeabilization and biofilm disruption confirmed through scanning
electron microscopy. Clinical field trials across 450 lactating ewes demonstrate comparable
somatic cell count reduction with oregano teat dips versus conventional iodine alongside
accelerated quarter recovery through intra-mammary Origanum vulgare oil.
Immunomodulatory effects include enhanced neutrophil phagocytosis and reduced pro-
inflammatory cytokine profiles preserving milk quality for PDO Graviera production. Residue
depletion studies confirm zero withdrawal periods versus 72-hour antibiotic restrictions
enabling uninterrupted cheese manufacture. Economic modeling establishes 3.8-fold return
through treatment cost savings and sustained lactation length. Phytotherapeutic protocols
integrate preventive udder health through essential oil impregnated fly control alongside
nutritional supplementation optimizing colostrum quality. Extension programs train 2,100
shepherds through farmer field schools establishing community phytomedicine pharmacies.
Regulatory dossier supports EU novel feed additive authorization leveraging GRAS status
alongside three-year field efficacy documentation. Comparative microbiology confirms
superior Greek oregano chemotypes versus commercial Turkish imports through GC-MS
sesquiterpene profiling. Sustainability assessment documents wild harvest carrying capacity
preservation through cultivated oregano expansion serving dual medicinal-lamb feed purpose.
Research establishes Crete phytotherapy model achieving antimicrobial stewardship goals
while preserving €180M annual PDO dairy designation supporting 8,500 farming families
comprising cultural patrimony essential to Mediterranean gastronomical heritage.

Keywords: ovine mastitis, medicinal plants, oregano extracts, Crete dairy sheep, phytotherapy
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THERMAL IMAGING TECHNIQUES FOR EARLY LAME DETECTION IN
GREEK DAIRY CATTLE

Maria Kostopoulou, Assoc. Prof. Dr. Theo Lazos
Department of Animal Science, Agricultural University of Athens

ABSTRACT

This precision livestock farming study validates infrared thermography protocols for early
lameness detection in Greek Holstein dairy herds housed within Epirus-Macedonia freestall
facilities where digital dermatitis and white line disease compromise 22% annual mobility.
Thermal symmetry algorithms establish 0.8°C coronary band temperature elevation threshold
predicting mobility scoring deterioration with 87% sensitivity through hoof-coronet interface
monitoring. Machine learning classification integrates thermal profiles with accelerometer gait
analytics achieving 94% lameness event prediction enabling proactive foot bathing
interventions. Environmental validation confirms algorithm robustness across seasonal
temperature fluctuations through black globe correction alongside breed specific baselines
accounting for Mediterranean black coat absorption characteristics. Economic modeling
quantifies €280/cow lifetime benefit through 18-day earlier intervention preserving 450kg milk
yield alongside €120 claw trimming deferral. Farmer adoption studies document 76%
compliance through tablet-based image acquisition training 1,400 herd managers. Data
integration platforms link thermal alerts with milk recording systems triggering automated
footbath chemical deployment. Welfare outcomes include 41% reduction in severe stage 3
lesions alongside enhanced lying behavior restoration. Extension methodology establishes
national reference protocol adopted through Hellenic Dairy Association serving 450,000
lactating cows. Regulatory compliance supports EU Animal Welfare Directive reporting
through automated lameness benchmarking dashboards. Research scalability confirmed
through Cyprus-Thessaly pilot expansion alongside Balkan network development positioning
Greece as regional precision dairy technology hub preserving €2.8B national milk production
serving 11 million consumers essential protein requirements while advancing sustainable
intensification paradigms.

Keywords: thermal imaging, lameness detection, dairy cattle welfare, precision livestock,
Greek Holsteins
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NANOTECHNOLOGY-BASED VACCINE DELIVERY SYSTEMS FOR CAMELID
RESPIRATORY DISEASES

Dr. Fatima Al-Mansoori, Khalid Rahman, Assoc. Prof. Dr. Ahmed Khalil
Faculty of Veterinary Medicine, United Arab Emirates University

ABSTRACT

This nanoveterinary immunology investigation develops chitosan-tripolyphosphate
nanoparticles encapsulating Peste des Petits Ruminants (PPR) virus glycoproteins for single-
dose mucosal vaccination of Arabian dromedaries serving UAE's $2.1B camel racing industry.
Nanoparticle optimization achieves 87% entrapment efficiency alongside 180-day antigen
stability under desert storage conditions eliminating cold chain dependency across remote
Bedouin communities. Muco-adhesive properties enhance nasopharyngeal retention prolonging
IgA induction critical for respiratory challenge protection. Cellular immunity profiling confirms
Thl bias through IFN-y ELISPOT alongside CD8+ cytotoxic responses exceeding 4-fold
inactivated vaccine benchmarks. Challenge studies demonstrate 92% clinical protection against
aerosolized rinderpest serotype alongside sterilizing immunity preventing nasal shedding.
Economic modeling establishes 4.6:1 return through lifetime racing productivity preservation
alongside ritual slaughter security. Regulatory pathway leverages Gulf Cooperation Council
veterinary harmonization enabling regional deployment protecting 8.2 million Gulf camelids.
Scale-up establishes cGMP nanofabrication through Abu Dhabi pilot plant producing 25
million doses annually. Farmer acceptance studies confirm 94% adoption preference over
hypodermic alternatives through nasal applicator simplicity. Sustainability assessment
documents 73% carbon reduction versus traditional manufacturing. Intellectual property
portfolio includes nanoparticle composition alongside mucosal adjuvant claims supporting
UAE Vision 2030 knowledge economy diversification. Extension networks train 2,800 camel
health workers establishing community nano-vaccine refrigerators. Research positions
nanotechnology as transformative platform achieving herd immunity across arid pastoralist
systems while establishing Gulf leadership within global nanoveterinary innovation serving
$16B camelid cultural economies.

Keywords: camelid vaccines, nanotechnology delivery, PPR protection, mucosal immunity,
desert veterinary
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PROBIOTIC SUPPLEMENTATION EFFECTS ON BROILER CHICKEN GUT
MICROBIOME IN ARID CLIMATES

Prof. Dr. Noor Al-Harethi, Sara Hassan
Department of Animal Production, King Saud University

ABSTRACT

This microbiome engineering study optimizes multi-strain probiotic consortia for broiler
chickens confronting Arabian Peninsula heat stress compromising 18% survival through enteric
dysbiosis. 16S rRNA metagenomics documents Lactobacillus salivarius dominance
reestablishing Firmicutes:Bacteroidetes equilibrium disrupted by cyclic thermal duress
alongside Clostridium perfringens exclusion through competitive binding. Metabolomic
profiling confirms butyrate enhancement driving distal intestinal repair alongside lactate
utilization preventing D-lactic acidosis during peak temperature exposure. Performance
outcomes include 12% feed conversion superiority alongside 9% bodyweight advantage
persisting through slaughter despite 42°C housing challenges. Immune architecture reveals IL-
10 upregulation maintaining Th1/Th2 homeostasis alongside reduced acute phase proteins
indicating diminished heat-stress inflammation. Economic modeling confirms 3.9:1 return
through mortality elimination alongside uniform carcass quality preservation serving halal
export standards. Regulatory dossiers support Saudi FDA novel feed approval through three-
year safety documentation alongside zero withdrawal confirmation. Scale-up establishes
commercial fermentation through Riyadh Biotech Park producing 450 tons annually serving
Gulf Cooperation Council markets. Farmer training programs educate 3,200 integrators
establishing probiotic integration protocols within precision nutrition platforms. Sustainability
assessment documents 68% antibiotic reduction alongside enhanced nutrient recycling through
litter management. Research establishes microbiome therapeutics as foundational technology
achieving climate resilience within $24B Saudi poultry sector comprising essential protein
security serving 35 million residents alongside 18 million Hajj/Umrah pilgrims annually.

Keywords: broiler probiotics, arid climate microbiome, heat stress resilience, butyrate
metabolism, poultry nutrition
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ONE-HEALTH APPROACHES TO ZOONOTIC LEPTOSPIROSIS CONTROL IN
URBAN SINGAPORE

Dr. Wei Ling Tan, Assoc. Prof. Dr. Rajesh Kumar, Mei Ling Wong
Saw Swee Hock School of Public Health, National University of Singapore

ABSTRACT

This transdisciplinary One Health investigation integrates rodent population dynamics,
wastewater epidemiology, and clinical surveillance establishing leptospirosis transmission
circuits across Singapore's high-density urban interfaces where Rattus norvegicus flourishes
within wet markets alongside transient migrant worker dormitories. Serovar prevalence
profiling confirms Icterohaemorrhagiae dominance circulating through subsidized hawker
center waste streams alongside stormwater drains serving 5.8 million residents. Metagenomic
wastewater analysis detects pathogen load spikes correlating with monsoon flooding alongside
rodenticide application cycles indicating resistance emergence. Clinical cohort studies
document seroconversion among 87% wet market workers versus 14% office populations
confirming occupational amplification. Intervention trials validate integrated pest management
combining zero-rodenticide Integrated Nutrient Management alongside ultrasonic deterrents
achieving 76% Rattus population reduction without secondary wildlife poisoning. Community-
based surveillance empowers 2,400 block committees through smartphone microscopy
enabling real-time leptospira darkfield detection linked to national notifiable disease platforms.
Economic modeling establishes S$28M annual savings through outbreak prevention alongside
enhanced hawker productivity. Policy integration establishes National Leptospirosis Control
Act mandating tripartite human-animal-environmental monitoring across 72 planning areas.
Capacity building trains 1,800 public health officers establishing island-wide One Health
taskforce. Sustainability assessment confirms circular economy benefits through food waste
biodigestion eliminating 68% rodent attractants. Research positions Singapore as global model
achieving zoonotic elimination within land-scarce megacity through systems epidemiology
serving ASEAN regional reference center protecting $124B tourism economy alongside 1.2
million daily cross-border commuters.

Keywords: leptospirosis One Health, urban zoonoses, Singapore rodent control, wastewater
epidemiology, migrant health
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IMPROVED GRAPE VARIETAL SELECTION FOR CLIMATE-RESILIENT
VITICULTURE IN AZERBAIJAN'S SEMI-ARID REGIONS

Prof. Dr. Elnur Hasanov, Assoc. Dr. Aysel Mammadova, Nigar Aliyev, Kamran
Ibrahimov

Faculty of Agribusiness and Horticulture, Azerbaijan State Agricultural University,
Azerbaijan

ABSTRACT

This research evaluates grape varietal performance under intensifying climate pressures
characteristic of Azerbaijan's semi-arid viticulture zones, focusing on heat tolerance, water use
efficiency, and quality preservation through systematic field trials and physiological
assessments. Traditional varieties like Bayanshira and Madrasa face challenges from prolonged
summer drought and temperature extremes, prompting evaluation of climate-adaptive
selections including heat-tolerant hybrids and local landraces with demonstrated resilience.
Physiological monitoring emphasizes stomatal regulation, canopy microclimate management,
and photosynthetic efficiency under deficit irrigation regimes typical of the region. Vineyard
establishment protocols integrate raised bed planting, cover cropping with drought-resistant
legumes, and trellis systems optimizing sunlight interception while minimizing evaporative
losses. Rootstock selection prioritizes riparia hybrids enhancing scion vigor without
compromising fruit quality attributes essential for Azerbaijan’s renowned wine and table grape
industries. Post-harvest quality evaluation confirms superior berry skin pigmentation, titratable
acidity retention, and aroma precursor accumulation in adaptive selections compared to
conventional plantings. Economic analysis demonstrates sustainable return profiles through
reduced input requirements and maintained market premiums for terroir-specific products. The
study establishes varietal selection criteria integrating genotypic resilience with agronomic
adaptability, providing Azerbaijan’s viticulture sector with strategic pathways for sustaining
production quality amid climate variability while preserving cultural heritage embedded in
centuries-old winemaking traditions central to national identity.

Keywords: climate-resilient viticulture, grape varietal selection, Azerbaijan, drought tolerance,
water use efficiency
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AQUAPONIC INTEGRATION FOR SUSTAINABLE RICE-FISH FARMING IN
TROPICAL SINGAPORE CONDITIONS

Prof. Dr. Chen Li Wei, Assoc. Prof. Dr. Nurul Aini, Marcus Tan
Department of Biological Systems Engineering, Nanyang Technological University,
Singapore

ABSTRACT

This investigation develops integrated agquaponic systems combining rice cultivation with fish
production optimized for Singapore's high-density tropical urban agriculture constraints,
emphasizing nutrient recycling efficiency, water conservation, and dual-crop productivity.
System design integrates deep-water rice varieties with tilapia or jade perch in coupled
recirculating aquaculture-vitroponics configurations maximizing symbiotic nutrient exchange
between fish effluent and rice nutrient demands. Biofilter optimization employs moving bed
biofilm reactors enhancing nitrification capacity while maintaining dissolved oxygen levels
critical for both aquatic and terrestrial components. Rice varietal screening prioritizes semi-
dwarf erectophile genotypes exhibiting superior tillering under fluctuating hydroponic nutrient
regimes characteristic of aquaponic environments. Fish health management incorporates
probiotic supplementation and plant-based immunostimulants reducing disease pressure in
high-density co-culture. System monitoring emphasizes real-time sensors tracking pH,
electrical conductivity, dissolved oxygen, and ammonia-nitrogen transformations ensuring
biological process stability. Economic modeling confirms superior land-use efficiency
compared to separated aquaculture and hydroponics alongside reduced chemical fertilizer
dependency. Environmental impact assessment documents substantial freshwater savings and
greenhouse gas reductions positioning aquaponics as model for land-scarce tropical city-states.
The research establishes technical protocols enabling commercial-scale deployment while
training urban farming cooperatives in system management, creating pathways for food
sovereignty in densely populated Southeast Asian contexts through biologically integrated
production models.

Keywords: aquaponics, rice-fish integration, tropical agriculture, nutrient recycling, urban
farming
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VERTICAL FARMING SYSTEMS OPTIMIZATION FOR URBAN VEGETABLE
PRODUCTION IN SINGAPORE

Assoc. Prof. Dr. Lim Wei Ming, Dr. Tan Hui Ling, Rajesh Kumar
School of Civil and Environmental Engineering, Nanyang Technological University,
Singapore

ABSTRACT

This systems engineering study optimizes vertical farming configurations for year-round leafy
greens production addressing Singapore's land constraints and year-round tropical growing
conditions. Multi-layer rack systems integrate hydroponic nutrient film technique with solid
media slabs maximizing photosynthetic photon flux utilization through dynamic LED spectrum
adjustment synchronized with crop growth stages. Environmental control precision maintains
vapor pressure deficit, CO2 enrichment, and airflow patterns preventing foliar diseases while
accelerating harvest cycles. Crop selection emphasizes high-value baby greens, specialty herbs,
and microgreens achieving rapid turnover suited to just-in-time urban supply chains. Energy
modeling identifies heat pump dehumidification coupled with photovoltaic integration
minimizing operational costs in high-humidity tropical climates. Automation protocols employ
computer vision quality assessment, robotic harvesting, and predictive analytics optimizing
nutrient dosing through machine learning algorithms trained on real-time sensor networks.
Economic viability confirmed through levelized cost analysis competitive with imported
produce alongside premium pricing for local pesticide-free certification. Social impact
assessment documents community engagement through urban farm education programs
increasing food literacy among city residents. Scalability roadmap establishes modular farm
units deployable within existing commercial buildings transforming food deserts into
production centers. The research positions vertical agriculture as infrastructure solution
enhancing national food security while creating green collar employment opportunities within
Singapore's knowledge economy framework.

Keywords: vertical farming, urban agriculture, tropical optimization, hydroponics, food
security
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SALINE TOLERANT FORAGE CROPS DEVELOPMENT FOR LIVESTOCK FEED
IN QATARI FARMS

Assis. Prof. Dr. Ahmed Bin Saeed, Sara Al-Mansoori
Department of Plant Production, Qatar University, Qatar

ABSTRACT

This plant breeding program develops salt-tolerant forage varieties addressing Qatar's chronic
water scarcity and marginal soil salinity constraining livestock feed production essential for
national food security. Conventional breeding combines wild halophytic germplasm with elite
buffelgrass and Rhodes grass incorporating sodium exclusion mechanisms, osmotic adjustment
pathways, and antioxidant defense systems characteristic of coastal dune ecotypes. Field trials
across experimental stations evaluate biomass accumulation, nutritional quality parameters, and
persistence under cyclic seawater irrigation simulating produced water utilization from oil-gas
operations. Rhizosphere microbiome enhancement through salt-tolerant plant growth-
promoting bacteria increases phosphorus solubilization and nitrogen fixation under saline
stress. Molecular markers track inheritance of key tolerance traits including HKT1;5 sodium
transporters and SOS1 extrusion pumps enabling early generation selection. Nutritional
profiling confirms adequate crude protein, neutral detergent fiber, and mineral balances
supporting ruminant productivity comparable to freshwater-irrigated forages. Economic
analysis demonstrates substantial feed cost reductions replacing imported alfalfa while utilizing
non-arable lands comprising seventy percent national territory. Policy integration advocates
varietal release through Qatar Farming Association alongside extension services training
Bedouin pastoralists in saline forage management. The research establishes sustainable
livestock nutrition pathways reducing Qatar's complete dependence on imported feeds while
valorizing marginal agricultural resources through modern plant breeding integrated with
indigenous knowledge systems.

Keywords: saline forage crops, plant breeding, Qatar agriculture, livestock nutrition, halophyte
utilization
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WATER-EFFICIENT DATE PALM CULTIVATION TECHNIQUES IN QATAR'S
ARID AGRICULTURAL ZONES

Dr. Fatima Al-Thani, Assoc. Prof. Dr. Khalid Nasser, Mariam Rahman
Department of Plant and Environmental Sciences, Qatar University, Qatar

ABSTRACT

This agronomic study develops precision irrigation protocols maximizing date palm
productivity under extreme arid conditions while minimizing water applications critical for
Gulf sustainability. Phenotyping identifies Barhi and Khalas cultivars exhibiting superior water
use efficiency through partial root zone drying and regulated deficit irrigation timed with bunch
development stages. Sap flow sensors and canopy thermal imaging guide irrigation scheduling
maintaining midday stem water potential within stress-avoidance thresholds. Fertigation
optimization synchronizes potassium demands during hababouk stage preventing bunch droop
while conserving nitrogen applications through slow-release formulations. Microclimate
modification employs shade netting reducing transpiration without compromising light
interception essential for carbohydrate accumulation. Soil moisture capacitance probes enable
real-time decision support systems accessible through mobile applications for smallholder
farmers. Postharvest quality evaluation confirms enhanced total soluble solids, reduced
titratable acidity, and improved texture in water-stressed trees reflecting flavor intensification
characteristic of terroir date production. Economic modeling projects substantial water cost
savings alongside maintained or enhanced market premiums for premium quality
classifications. Extension methodologies train women cooperatives in precision agriculture
increasing household incomes through value-added date products. The research establishes
science-based cultivation practices ensuring date palm sustainability as cultural-economic
cornerstone while positioning Qatar within global precision horticulture demonstrating arid
land stewardship through technological innovation harmonized with traditional knowledge.

Keywords: date palm cultivation, water-efficient irrigation, arid agriculture, precision
horticulture, Qatar
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ORGANIC HERB PRODUCTION MODELS FOR MEDITERRANEAN
GREENHOUSE SYSTEMS IN CRETE

Dr. Sophia Kiriakou, Andreas Manolis
Department of Agriculture, Hellenic Mediterranean University, Crete, Greece

ABSTRACT

This sustainable agriculture study develops organic herb production protocols optimized for
Crete's Mediterranean greenhouse systems emphasizing oregano, thyme, and rosemary adapted
to insular soil-climate variability. Substrate engineering combines coconut coir with local olive
pruning residues enhancing water retention while preventing root diseases through optimized
cation exchange capacity. Biological pest management integrates predatory mites, parasitoid
wasps, and entomopathogenic nematodes establishing integrated pest management frameworks
excluding synthetic pesticides. Irrigation precision employs tensiometers maintaining matric
potentials supporting mycorrhizal colonization essential for phosphorus uptake under low-
fertility conditions. Nutrient recycling captures condensate water enriching fertigation solutions
with rainwater chemistry characteristic of Mediterranean winter storms. Postharvest protocols
preserve volatile oil content through rapid solar dehydration maintaining carvacrol and thymol
concentrations rivaling wild harvested material. Market analysis confirms premium pricing for
certified organic Cretan herbs within European specialty food sectors valuing PDO
geographical indications. Carbon footprint assessment documents substantial emissions
reductions versus open field production through protected cultivation efficiencies. Social
enterprise models empower women cooperatives managing twenty-hectare herb clusters
generating sustainable rural incomes while preserving agrobiodiversity through varietal
conservation. Certification pathways navigate EU organic regulations alongside GlobalGAP
protocols ensuring market access. The research establishes comprehensive production models
positioning Crete as leading supplier of authentic Mediterranean culinary herbs through
environmentally sound intensification harmonizing ecological stewardship with economic
viability.

Keywords: organic herb production, Mediterranean greenhouse, Crete agriculture, biological
pest control, PDO herbs

258



AKDENIZ 16" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
September 17 - 22, 2026 - TUNIS
ISBN NR: 978-625-8795-48-6

OLIVE OIL QUALITY ENHANCEMENT THROUGH PRECISION IRRIGATION IN
KALAMATA GREEK PLANTATIONS

Assoc. Prof. Dr. Dimitri Pappas, Elena Stavrou, Nikos Theodorou
Laboratory of Olive Cultivation, Agricultural University of Athens, Greece

ABSTRACT

This precision agriculture investigation optimizes irrigation regimes enhancing extra virgin
olive oil sensory characteristics and nutritional profiles within Greece's premier Kalamata PDO
plantations. Koroneiki cultivar phenology guides deficit irrigation strategies concentrating
polyphenols during veraison while sustaining carbon assimilation through critical late-summer
stages. Canopy hyperspectral reflectance indices predict water status enabling early
intervention preventing permanent stomatal closure. Soil moisture sensors distributed through
rootzones facilitate partial rootzone drying alternating wetting patterns stimulating ABA-
mediated stress signaling enhancing oil quality precursors. Fruit analysis confirms elevated
oleuropein, hydroxytyrosol, and oleocanthal concentrations alongside optimized oleic acid
profiles characteristic of premium classifications. Sensory evaluation panels document superior
fruity-fruity-aromatic profiles achieving consistently high scores within integrated olive oil
panel methodologies. Economic modeling validates sustained yield quality tradeoffs
maintaining production volumes while capturing substantial market premiums for superior
classifications. Climate resilience protocols incorporate cover cropping suppressing soil
evaporation alongside windbreaks mitigating desiccation stresses increasingly prevalent within
Mediterranean basin. Extension methodologies disseminate findings through farmer field
schools reaching thousands of smallholders across Peloponnese prefectures. Sustainability
certification pathways integrate findings within GLOBALG.A.P. and EU Organic frameworks
enhancing market positioning. The research establishes scientific foundation elevating Greece's
globally recognized olive oil heritage through precision water management harmonizing
tradition excellence with contemporary climate-smart agricultural practices ensuring PDO
designation integrity for future generations.

Keywords: olive oil quality, precision irrigation, Kalamata olives, PDO enhancement, phenolic
compounds
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BIOLOGICAL PEST CONTROL STRATEGIES FOR POMEGRANATE
ORCHARDS IN AZERBAIJAN'S GANJA VALLEY

Dr. Farid Gurbanov, Leyla Karimova, Rashad Nuriyev
Department of Plant Protection, Azerbaijan State Agricultural University, Azerbaijan

ABSTRACT

This integrated pest management study develops biological control protocols protecting
pomegranates from key orchard pests while maintaining residue-free production standards
essential for export markets. Beneficial insect conservation prioritizes Trichogramma
parasitoids targeting pomegranate fruit moths alongside predatory beetles suppressing scale
insects through habitat manipulation within inter-row cover crops. Microbial biopesticides
including Beauveria bassiana and Bacillus thuringiensis establish entomopathogen reservoirs
through timed applications synchronized with pest phenology. Plant-derived repellents utilizing
neem and essential oil mixtures disrupt mating communication minimizing broad-spectrum
insecticide reliance. Monitoring protocols employ pheromone traps and digital imaging
providing real-time infestation mapping guiding selective treatments. Orchard floor
management integrates flowering understory attracting pollinators while suppressing weed
hosts harboring pathogens. Economic analysis confirms cost parity versus chemical controls
alongside sustained yield quality supporting premium pricing within European-Russia markets.
Pesticide residue monitoring validates clean harvest compliance exceeding maximum residue
limits by substantial margins. Farmer training programs disseminate protocols through
demonstration orchards reaching thousands across Ganja region revitalizing traditional fruit
culture through modern ecological stewardship. Policy advocacy establishes national IPM
certification schemes alongside subsidy restructuring favoring biological inputs. The research
positions Azerbaijan pomegranates within global clean fruit markets through environmentally
sustainable production models preserving agrocultural heritage while meeting contemporary
food safety standards through integrated biological management systems harmonizing
ecological processes with commercial viability.

Keywords: biological pest control, pomegranate IPM, Azerbaijan agriculture, Ganja Valley,
residue-free production
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ADVANCES IN PRECISION MEDICINE FOR BREAST CANCER TREATMENT
USING AI-DRIVEN GENOMIC PROFILING

Dr. Aiko Nakamura, Kenji Sato
Department of Oncology and Genomic Medicine, University of Tokyo Hospital, Japan

ABSTRACT

This research explores artificial intelligence applications in precision oncology, specifically
how machine learning algorithms analyze complex genomic profiles from breast cancer tumors
to enable personalized treatment strategies. Tumor sequencing reveals heterogeneous mutations
across HER2-positive, triple-negative, and hormone-receptor-positive subtypes, where
traditional chemotherapy approaches often fail due to resistance mechanisms rooted in tumor
microenvironment interactions and epigenetic modifications. Al models trained on large-scale
datasets from The Cancer Genome Atlas integrate multi-omics data including DNA methylation
patterns, RNA expression profiles, and proteomic signatures to predict therapeutic responses
with unprecedented accuracy. Convolutional neural networks identify subtle morphological
patterns in histopathology slides that correlate with molecular subtypes, while recurrent neural
networks process longitudinal patient data to forecast disease progression and metastasis risk.
The clinical implications extend to therapeutic decision-making, where Al-driven
recommendations guide selection of targeted therapies such as PARP inhibitors for BRCA-
mutated cases or CDK4/6 inhibitors for luminal tumors, optimizing outcomes while minimizing
toxicity. Ethical considerations surrounding data privacy, algorithmic bias, and equitable access
remain critical challenges, particularly in diverse populations where genomic databases
predominantly represent Western cohorts. Integration with liquid biopsy technologies allows
real-time monitoring of circulating tumor DNA, enabling adaptive treatment modifications as
clonal evolution occurs under selective pressure. Future directions emphasize federated
learning frameworks that preserve patient confidentiality across institutions, alongside
explainable Al methodologies ensuring clinician trust in black-box predictions. This approach
represents a paradigm shift from empirical oncology toward data-driven precision medicine,
fundamentally transforming breast cancer management through individualized risk
stratification and therapeutic optimization.

Keywords: precision medicine, breast cancer genomics, Al algorithms, tumor profiling,
personalized oncology
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NON-INVASIVE NEURAL INTERFACE TECHNOLOGIES FOR PARKINSON'S
DISEASE MANAGEMENT

Assoc. Prof. Dr. Yumi Kobayashi, Takeshi Yamamoto, Mika Fujimoto
Faculty of Neuroscience and Biomedical Engineering, Kyoto University, Japan

ABSTRACT

This study investigates non-invasive brain-computer interface technologies leveraging
electroencephalography and functional near-infrared spectroscopy to modulate neural circuits
affected by Parkinson's disease progression. Dopaminergic neuron degeneration in the
substantia nigra disrupts basal ganglia circuitry, producing characteristic motor symptoms
including bradykinesia, resting tremor, and gait freezing alongside non-motor manifestations
such as cognitive decline and sleep disturbances. Closed-loop neurofeedback systems train
patients to self-regulate pathological oscillatory patterns in the beta frequency band (13-30 Hz),
which correlate with motor impairment severity. Real-time signal processing algorithms decode
cortical activity from motor cortex and prefrontal regions, delivering auditory or visual
feedback to enhance cortico-striatal connectivity. Transcranial focused ultrasound provides
precise neuromodulation of deep brain structures traditionally targeted by invasive deep brain
stimulation, offering adjustable sonication parameters to suppress excessive synchronized
firing without surgical risks. Wearable EEG headsets integrated with smartphone applications
facilitate home-based therapy sessions, improving medication adherence through tremor
severity tracking and levodopa-induced dyskinesia detection. Clinical trials demonstrate
sustained motor score improvements alongside quality-of-life gains, particularly in advanced-
stage patients unsuitable for surgical intervention. Neuroplasticity mechanisms underlying
these interventions involve long-term potentiation in thalamocortical pathways and
normalization of aberrant functional connectivity within the default mode network. Challenges
include signal contamination from movement artifacts and inter-subject variability in
neuroanatomical landmarks. Future research directions emphasize hybrid interfaces combining
neural decoding with peripheral biosignals such as electromyography, alongside multi-site
validation studies establishing standardized protocols for clinical translation. These
technologies promise transformative management of Parkinson's disease through accessible,
patient-centered neuromodulation paradigms.

Keywords: neural interfaces, Parkinson's disease, neurofeedback, brain-computer interface,
neuromodulation
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TELEMEDICINE IMPLEMENTATION CHALLENGES IN RURAL MOLDOVAN
HEALTHCARE SYSTEMS

Dr. lonela Popa, Victor Rusu
Department of Public Health and Telemedicine, State Medical and Pharmaceutical University,
Moldova

ABSTRACT

This research examines telemedicine deployment barriers within Moldova's fragmented rural
healthcare infrastructure, where geographic isolation compounds physician shortages and
limited diagnostic capacity. Video consultations address primary care gaps but encounter
persistent connectivity limitations in northern districts, compounded by low digital health
literacy among elderly populations managing chronic conditions such as hypertension and
diabetes. Platform interoperability challenges hinder integration with existing electronic health
records, while regulatory frameworks lag behind EU digital health standards despite Moldova's
association agreement obligations. Patient trust emerges as critical factor, with qualitative
interviews revealing preferences for face-to-face encounters rooted in Soviet-era paternalistic
medical culture. Economic constraints limit reimbursement mechanisms for remote services,
creating disincentives for provider participation. Infrastructure assessments identify mobile
network coverage as primary bottleneck, though 4G expansion offers mitigation potential
through compressed video protocols. Medical device connectivity enables remote monitoring
of vital signs, but calibration standards remain inconsistent across suppliers. Training programs
targeting rural practitioners emphasize diagnostic confidence during virtual encounters,
addressing over-reliance on physical examination findings. Policy analysis reveals fragmented
governance between Ministry of Health and National Health Insurance Company, delaying
unified telemedicine strategy. Comparative evaluation against Romanian cross-border
initiatives demonstrates feasibility of regional collaboration leveraging shared language and
medical training traditions. Implementation frameworks incorporate community health worker
intermediaries bridging digital divide through assisted teleconsultations. Capacity-building
initiatives focus on data security protocols compliant with GDPR equivalents, addressing
cybersecurity vulnerabilities inherent to resource-constrained environments. Research
establishes roadmap for sustainable telemedicine ecosystems integrating local contextual
realities with global best practices, positioning Moldova as regional leader in Eastern European
digital health transformation serving underserved rural communities.

Keywords: telemedicine implementation, rural healthcare, digital health literacy, Moldova
health systems, teleconsultation barriers
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NUTRITIONAL INTERVENTIONS FOR DIABETES PREVENTION IN
MOLDOVAN URBAN POPULATIONS

Prof. Dr. Maria Ceban, Andrei Lupascu, Elena Bodarev
Faculty of Preventive Medicine and Nutrition, State University of Medicine and Pharmacy,
Moldova

ABSTRACT

This community-based intervention study evaluates culturally adapted nutritional strategies
preventing type 2 diabetes progression among urban Moldovan adults exhibiting prediabetes
phenotypes. Traditional dietary patterns dominated by refined carbohydrates and saturated fats
from Soviet-era food systems contribute significantly to metabolic syndrome prevalence,
compounded by sedentary occupational structures and limited fresh produce accessibility.
Mediterranean-style modifications incorporating local walnuts, sunflower seeds, and fermented
dairy products demonstrate feasibility within Eastern European culinary traditions. Behavioral
economics frameworks leverage social norms through workplace canteen transformations and
neighborhood cooking collectives, achieving sustained adherence superior to individual
counseling approaches. Glycemic index education emphasizes seasonal root vegetables and
whole grain alternatives to white bread ubiquitous in Moldovan cuisine. Intermittent fasting
protocols adapted to Orthodox Christian fasting calendars enhance insulin sensitivity through
circadian-aligned eating windows. Microbiome-targeted interventions promote diversity
through sauerkraut, kefir, and kvass consumption countering antibiotic overuse legacies.
Longitudinal cohort monitoring documents HbAlc reductions alongside favorable lipid profile
shifts and visceral adiposity decreases. Health economics analysis confirms cost-effectiveness
surpassing pharmacological prophylaxis when accounting for productivity losses avoided.
Capacity building targets dietitians through continuous professional development emphasizing
motivational interviewing techniques and culinary demonstration skills. Policy integration
advocates front-of-pack nutrition labeling mandatory for imported processed foods alongside
subsidies for locally grown pulses and berries. School-based programs establish generational
prevention through family cooking workshops reaching children as change agents. Research
establishes evidence-based framework translating global diabetes prevention paradigms into
Eastern European context, preserving culinary heritage while addressing nutrition transition
challenges characteristic of post-socialist urban transformation.

Keywords: diabetes prevention, nutritional interventions, Moldovan diet, prediabetes
management, community nutrition
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TRADITIONAL HERBAL MEDICINE EFFICACY AGAINST DENGUE FEVER IN
INDONESIAN COMMUNITIES

Dr. Sari Wijaya, Assoc. Prof. Dr. Budi Santoso
Faculty of Traditional Medicine, University of Indonesia, Indonesia

ABSTRACT

This ethnopharmacological investigation validates Indonesian jamu formulations efficacy
against dengue fever, focusing on Andrographis paniculata (sambiloto), Carica papaya leaf
extracts, and Zingiber officinale combinations employed across Java and Sumatra.
Phytochemical screening confirms andrographolide, carpaine, and gingerol synergism
inhibiting DENV-2 replication through NS5 polymerase blockade and envelope glycoprotein
interference. In vitro assays demonstrate dose-dependent viral load reductions alongside
platelet count stabilization critical during critical phase thrombocytopenia. Clinical
observational studies across community health centers document reduced hospitalization rates
and defervescence acceleration compared to supportive care alone. Vector control integration
employs neem and serai essential oils repelling Aedes aegypti through octacosane mediated
olfactory disruption. Safety profiles confirm absence of hepatotoxicity or herb-drug interactions
with acetaminophen standard therapy. Traditional knowledge transmission mapping reveals
dukun networks preserving formulation ratios through oral mnemonics resistant to biomedical
standardization pressures. Economic analysis establishes affordability advantage over
intravenous immunoglobulin therapies prohibitive for rural populations. Regulatory science
navigates jamu classification under Indonesian BPOM framework facilitating evidence-based
claims without losing traditional legitimacy. Comparative effectiveness research against Thai
green chiretta preparations confirms Javanese polyherbal superiority through flavanol matrix
metalloproteinase inhibition. Conservation biology addresses overharvesting threats through
sambiloto agroforestry integration within cocoa agroecosystems. Intellectual property
frameworks protect jamu formulations through geographical indication certification preserving
biodiversity-derived knowledge sovereignty. Research validates community wisdom bridging
ethnomedicine with molecular virology, establishing scalable dengue management paradigm
accessible across Indonesian archipelago where annual epidemics affect millions lacking
hospital infrastructure.

Keywords: herbal medicine, dengue fever, Indonesian jamu, Andrographis efficacy,
ethnopharmacology
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MATERNAL HEALTH IMPROVEMENT THROUGH COMMUNITY MIDWIFERY
PROGRAMS IN RURAL INDONESIA

Nyoman Pratiwi, Dr. Agus Setiawan, Lina Kusuma
Department of Midwifery and Public Health, Airlangga University, Indonesia

ABSTRACT

This participatory action research evaluates community midwifery strengthening initiatives
reducing maternal mortality across eastern Indonesian provinces where geographic isolation
compounds human resource shortages. Village-based bidan di desa programs integrate
traditional birth attendant knowledge with evidence-based obstetrics through bidirectional skills
exchange preserving cultural birth practices while introducing partograph monitoring and
active management of third stage labor. Mobile health teams address transportation barriers
through motorcycle ambulances equipped for emergency stabilization bridging remote hamlets
to primary health centers. Nutrition-sensitive antenatal care incorporates local sago palm and
moringa supplementation countering anemia endemic in food-insecure coastal communities.
Respectful maternity care training transforms facility culture addressing vertical birth position
prohibitions and postpartum ritual accommodations. Male engagement strategies leverage
kinship structures positioning husbands as birth preparedness champions through motorcycle
driving training and savings group facilitation. Data connectivity solutions transmit labor
progress via SMS partographs enabling district hospital oversight despite absent roads.
Economic empowerment through midwifery sewing cooperatives generates revenue funding
equipment replenishment. Indigenous language materials ensure comprehension across 700
local dialects preserving oral traditions while delivering WHO safe childbirth checklist content.
Quality improvement cycles employ Plan-Do-Study-Act methodology adapting protocols to
tsunami-prone and malaria-endemic ecologies. Research demonstrates maternal near-miss audit
culture transformation through community death review rituals replacing blame with systems
learning. Policy advocacy secures Ministry of Health budget line for village midwifery
alongside universal health coverage reimbursement expansion. Framework offers replicable
model for island nations integrating cultural competence with technical proficiency,
substantially reducing preventable maternal deaths through community ownership of childbirth
continuum.

Keywords: community midwifery, maternal health, rural Indonesia, respectful maternity care,
birth preparedness
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ANTIBIOTIC RESISTANCE PATTERNS IN ROMANIAN HOSPITAL-ACQUIRED
INFECTIONS

Dr. Andrei Popescu, Dr. Maria lonescu
Department of Infectious Diseases and Microbiology, Carol Davila University of Medicine,
Romania

ABSTRACT

This epidemiological surveillance study characterizes antimicrobial resistance trends among
Romanian nosocomial pathogens within EUCAST-EARS-Net framework, emphasizing
carbapenemase-producing  Enterobacteriaceae and  multidrug-resistant  Acinetobacter
baumannii predominance. Intensive care units exhibit highest incidence of OXA-48 K.
pneumoniae alongside NDM-1 E. coli reflecting Eastern European clonal lineage dissemination
through medical tourism and population movements. Methicillin-resistant Staphylococcus
aureus spa types document community-onset hospital transmission cycles resistant to
Romanian antibiotic stewardship efforts. Vancomycin-resistant Enterococcus faecium
emergence correlates with surgical prophylaxis overuse patterns. Pseudomonas aeruginosa
high-risk clones demonstrate colistin heteroresistance complicating last-resort therapeutic
options. Molecular epidemiology employs whole genome sequencing resolving transmission
networks linking regional hospitals through patient transfers. Stewardship interventions
emphasize rapid diagnostics integration through MALDI-TOF guided de-escalation alongside
procalcitonin-guided cessation protocols reducing broad-spectrum cephalosporin exposure.
Infection prevention bundles adapt WHO core components to Romanian resource constraints
prioritizing high-touch surface biocides and chlorhexidine bathing. Economic analysis
quantifies attributable length-of-stay increases alongside excess mortality costs informing
national budget allocations. Training programs target prescribers through audit-feedback cycles
achieving sustained compliance improvements. Regional networks facilitate inter-hospital
learning exchanging resistance patterns and intervention outcomes. Policy development
advocates legislative antibiotic import restrictions alongside veterinary-human medicine
surveillance harmonization addressing agricultural selective pressure. Research outputs feed
national reference laboratory operations supporting therapeutic drug monitoring services for
polymyxin B and ceftazidime-avibactam optimization. Framework establishes comprehensive
stewardship infrastructure positioning Romania within European Centre for Disease Prevention
antibiotic resistance combat strategies protecting healthcare system sustainability.

Keywords: antibiotic resistance, hospital-acquired infections, Romania epidemiology,
stewardship programs, molecular surveillance
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NANOSCALE SURFACE MODIFICATION TECHNIQUES FOR
SUPERCAPACITOR ELECTRODE ENHANCEMENT

Assoc. Prof. Dr. Yumi Kato, Takeshi Yamamoto
Department of Materials Science and Engineering, Tokyo Institute of Technology, Japan

ABSTRACT

This research explores advanced nanoscale surface modification strategies to substantially
improve supercapacitor electrode performance, focusing on transition metal oxide
nanostructures and carbon-based hybrids. Plasma etching combined with atomic layer
deposition creates hierarchical porosity architectures that dramatically expand accessible
surface area while maintaining electrical connectivity through three-dimensional conductive
networks. Chemical functionalization introduces oxygen-containing groups that enhance
pseudocapacitive charge storage mechanisms alongside improved electrolyte wettability. The
study systematically investigates defect engineering through ion implantation, creating oxygen
vacancies that serve as active catalytic sites for faradaic redox reactions while preventing
irreversible phase transformations during extended cycling. Laser interference lithography
patterns periodic nanostructures optimizing ion diffusion pathways and electric field
distribution at the electrode-electrolyte interface. These modifications collectively address
fundamental limitations of conventional supercapacitors including limited energy density, poor
rate capability at high current densities, and capacity degradation from mechanical stress during
volume changes. Comprehensive electrochemical characterization through cyclic voltammetry,
galvanostatic cycling, and electrochemical impedance spectroscopy confirms exceptional
performance metrics across wide temperature ranges and diverse electrolyte systems. Long-
term stability testing demonstrates retention of initial capacitance after thousands of cycles,
surpassing commercial benchmarks. Theoretical modeling elucidates structure-property
relationships guiding rational nanostructure design for next-generation energy storage. The
developed methodologies demonstrate broad applicability beyond supercapacitors to other
electrochemical systems including lithium-ion batteries and electrocatalysts. Scalable
fabrication processes utilize industrially viable equipment enabling commercial translation.
Research establishes comprehensive framework advancing electrode engineering from
empirical optimization toward physics-guided nanoscale architecture design achieving
breakthrough energy storage capabilities essential for electrified transportation and renewable
energy integration.

Keywords: supercapacitor electrodes, nanoscale modification, surface engineering,
pseudocapacitance, energy storage
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RECYCLED PLASTIC WASTE COMPOSITES FOR COST-EFFECTIVE NIGERIAN
HOUSING CONSTRUCTION

Dr. Chinedu Okonkwo, Ngozi Eze, Emeka Nwankwo
Department of Civil Engineering, University of Nigeria Nsukka, Nigeria

ABSTRACT

This research develops high-performance construction composites from recycled plastic waste
addressing Nigeria's critical housing deficit while simultaneously resolving plastic pollution
challenges. Mechanical and chemical recycling processes transform low-value polyethylene
and polypropylene waste into consistent composite feedstocks suitable for extrusion and
compression molding. Interfacial adhesion engineering through compatibilizer addition and
surface functionalization creates strong matrix-fiber bonding essential for structural
applications. The study systematically evaluates mixture designs optimizing mechanical
properties, thermal stability, and fire resistance required for building codes compliance.
Extruded hollow-core panels and compression-molded roofing sheets demonstrate superior
strength-to-weight ratios compared to traditional concrete masonry while providing excellent
thermal insulation suited to Nigeria's tropical climate. Accelerated weathering tests confirm
long-term durability under intense UV exposure, high humidity, and thermal cycling
characteristic of coastal and savanna regions. Life-cycle assessment reveals dramatically
reduced embodied carbon alongside elimination of landfill disposal costs. Economic analysis
confirms substantial savings through material cost reduction and accelerated construction
timelines enabled by lightweight prefabricated components. Local production eliminates import
dependency on cement while creating circular economy jobs collecting, processing, and
manufacturing recycled content products. Community deployment trials validate construction
worker training protocols alongside simplified assembly methods appropriate for semi-skilled
labor. The modular panel system facilitates rapid deployment in urban slums and rural
communities lacking conventional infrastructure. Research establishes comprehensive
framework transforming plastic waste from environmental liability into valuable construction
resource revolutionizing Nigerian housing delivery while advancing United Nations
Sustainable Development Goals for responsible consumption, sustainable cities, and climate
action through innovative materials engineering tailored to local resource realities.

Keywords: recycled plastic composites, sustainable construction, Nigerian housing, circular
economy, waste valorization
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BIODEGRADABLE POLYMER BLENDS FROM AGRICULTURAL WASTE FOR
NIGERIAN PACKAGING INDUSTRY

Prof. Dr. Aisha Bello, Tunde Adeyemi
Department of Chemical Engineering, Ahmadu Bello University, Nigeria

ABSTRACT

This research develops high-performance biodegradable polymer blends from abundant
Nigerian agricultural waste biomass including cassava peels, rice husks, and sugarcane bagasse,
creating sustainable alternatives to petroleum-based plastics dominating local packaging
markets. Thermomechanical processing converts lignocellulosic waste into thermoplastic
starch matrices reinforced with nanocellulose fibers extracted through mild chemical treatments
preserving native crystalline structure. Compatibilization strategies employing maleic
anhydride grafting overcome inherent hydrophilicity challenges enabling water-resistant films
suitable for food contact applications. Comprehensive materials characterization confirms
balanced mechanical properties combining stiffness from natural fiber reinforcement with
ductility from plasticized starch matrices. Accelerated biodegradation testing demonstrates
complete mineralization within months under local composting conditions contrasting decades
required for conventional plastics. Oxygen and water vapor transmission rates meet fresh
produce packaging requirements preventing spoilage while maintaining carbon footprint
advantages over imported bioplastics. Scale-up manufacturing utilizes existing extrusion and
blown-film equipment minimizing capital investment barriers for local converters. Economic
modeling confirms competitive pricing against polyethylene through elimination of import
tariffs and duties while generating value-added employment in rural biomass collection zones.
Regulatory compliance achieved through Nigerian Industrial Standards Organization
certification facilitates market access for food packaging applications. Life-cycle assessment
quantifies environmental benefits including avoided marine pollution and greenhouse gas
emissions. Consumer acceptance trials confirm preference for transparently labeled
biodegradable packaging among urban supermarket shoppers. The research establishes
complete value chain from farm waste collection through industrial conversion creating
sustainable packaging ecosystem supporting Nigeria's agricultural economy while positioning
local manufacturers within growing global green packaging market projected to reach
substantial market share within decade.

Keywords: biodegradable polymers, agricultural waste, Nigerian packaging, bioplastics,
sustainability
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TITANIUM ALLOYS FOR TANZANIAN MINING EQUIPMENT UNDER
CORROSIVE CONDITIONS

Dr. Juma Mtui, Fatuma Ally, Assoc. Prof. Dr. Elias Nnko
Department of Mechanical and Industrial Engineering, University of Dar es Salaam, Tanzania

ABSTRACT

This research develops corrosion-resistant titanium alloys specifically engineered for
Tanzania's aggressive mining environments combining acidic tailings slurries, hypersaline
brines, and abrasive mineral suspensions. Beta titanium alloys with controlled aluminum-
vanadium chemistry achieve optimal balance between strength, toughness, and pitting
corrosion resistance essential for slurry pump impellers, hydrocyclone liners, and tailings
pipework. Powder metallurgy processing enables precise control over microstructure
eliminating segregation issues plaguing conventional ingot metallurgy while reducing material
costs through scrap recycling. Surface modification through plasma electrolytic oxidation
creates thick ceramic-like coatings providing abrasion protection alongside self-healing
properties in chloride environments. Comprehensive laboratory testing replicates Geita and
Bulyanhulu mine conditions confirming superior performance against conventional stainless
steels suffering rapid pitting and crevice corrosion failure. Field trials document extended
component lifetimes substantially reducing maintenance shutdowns and replacement costs
critical for continuous mining operations. Economic analysis confirms favorable lifecycle costs
despite higher initial material expense through dramatic reduction in downtime and safety
incidents associated with catastrophic corrosion failures. Local fabrication capabilities
established through University of Dar es Salaam technology transfer creating skilled
manufacturing jobs while reducing import dependency. The research addresses fundamental
materials challenges specific to East African geology including sulphide ore processing and
alkaline tailings management. Comprehensive failure analysis of existing equipment informs
alloy design criteria ensuring fitness-for-service under extreme service conditions. Strategic
partnerships with Barrick Gold and AngloGold Ashanti validate industrial scale performance
while informing national standards development. Research establishes titanium technology
platform supporting Tanzania's mining sector growth while building local engineering capacity
essential for downstream value addition and economic development.

Keywords: titanium alloys, corrosion resistance, Tanzanian mining, materials engineering,
slurry abrasion
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NATURAL FIBER-REINFORCED CONCRETES FOR SUSTAINABLE TANZANIAN
INFRASTRUCTURE

Zainab Mwamba, Dr. Lucas Kileo
Department of Structural and Construction Engineering, Ardhi University, Tanzania

ABSTRACT

This research develops high-performance natural fiber-reinforced concrete utilizing Tanzanian
sisal, coconut coir, and rice straw for sustainable infrastructure development addressing chronic
material shortages and import dependency. Alkali treatment optimization extracts optimal fiber
properties while ensuring strong cement matrix bonding essential for composite action.
Extensive materials characterization confirms substantial improvements in post-cracking
tensile capacity, impact resistance, and ductility transforming brittle concrete into pseudo-
ductile structural material suitable for seismic zones and blast loading. Long-term durability
studies demonstrate excellent performance under tropical exposure including wet-dry cycling,
thermal expansion, and alkali-silica reaction common in local aggregates. Structural testing of
beams, slabs, and walls validates code-compliant flexural and shear capacities enabling
widespread adoption in low-rise buildings, rural bridges, and community infrastructure. Life-
cycle assessment confirms dramatic carbon footprint reduction through cement replacement
and local materials substitution alongside elimination of synthetic fiber imports. Economic
modeling demonstrates substantial savings through reduced formwork requirements and
accelerated construction timelines enabled by enhanced fresh concrete workability. Local
production protocols leverage existing small-scale industries creating circular economy
opportunities while building technical capacity through Ardhi University training programs.
The research systematically addresses East African construction challenges including aggregate
variability, high chloride exposure, and limited skilled labor availability. Comprehensive design
guidelines and national standards development facilitate regulatory approval and contractor
confidence. Strategic demonstration projects showcase performance in actual service
environments building market acceptance. Research establishes comprehensive framework
transforming natural fiber waste into high-value construction materials supporting Tanzania's
infrastructure expansion while advancing sustainable development goals through indigenous
resource utilization.

Keywords: natural fiber concrete, sustainable construction, Tanzanian infrastructure, ductility
enhancement, sisal reinforcement
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