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NO :AC- 13U-2025 - 389 -028
Subject: Kriterlere uygunluk hk. 07/01/2025

Ilgili Makama

Akdeniz 13. Uluslararas1 Uygulamali Bilimler Kongresi, 3- 5 Ocak 2025 tarihlerinde Girne’de

22 farkli tlilkeden akademisyenin katilimiyla gerceklestirilmistir. Kongre kapsaminda sunulan
57 bildirinin 25’1 Tirkiye’den, 32’si ise farkli 22 iilkeden akademisyenler tarafindan
sunulmustur. - Kongre, 16 Ocak 2020 Akademik Tesvik Odenegi Yonetmeligine getirilen
“Tebliglerin sunuldugu yurt iginde veya yurt disindaki etkinligin wuluslararas1 olarak
nitelendirilebilmesi i¢in Tiirkiye disinda en az bes farkl: tilkeden s6zlii teblig sunan konusmacinin
katilm ‘saglamasi ve tebliglerin yaridan fazlasinin Tirkiye disindan katilimcilar tarafindan
sunulmasi esastir.” degisikligine uygun olarak diizenlenmistir.

Bilgilerinize arz ederiz

Prof. Dr. Hiilya CICEK

https://www.akdenizkongresi.org/ 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 13" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AKDENIZ 13" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
AKDENIZ ART 4™ INTERNATIONAL GROUP EXHIBITION
January 3 — 5, 2025
KYRENIA

Kongre Baglant1 Linki :

Join Zoom Meeting

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

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

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

e  Oturum icerisinde en KIDEMLI olan moderator olarak secilir. Moderatdriin oturum diizenini gdzetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizt adinizin dniine asagidaki gibi ekleyiniz. Bu sayede kongre acilisinda

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin agilmamasinit moderatdrler temin edecektir.

Sunum sonrasi 5 dakikay1 gegmeyen soru-cevap, tartisma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

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

Sunum yapan katilimeinin kamerasi agik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katilimetya sertifika verilmesi ve

¢aligmasinin yaymlanmasi sézkonusu olamaz.

e  Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e  Katilimcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

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

IMPORTANT, PLEASE READ CAREFULLY

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

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

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

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

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

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

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

TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

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

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

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

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

Academy Global Conferences & Journals
gy
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AKDENIZ 13th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AKDENIZ 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
AKDENIZ ART 4TH INTERNATIONAL GROUP EXHIBITION

January 3 — 5, 2025
KYRENIA
Meeting ID: 885 7151 8350 Passcode: 202224

5 Ocak / Jan 5, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
VIOLENCE IN SOCIETY and EDUCATION: SOCIAL, =
1| ECONOMIC, POLITICAL and PSYCHOLOGICAL CAUSES Prof. Dr. Mehmet OZBAS
A COMPARATIVE EXAMINATION OF THE NUMBER SENSE | Merig Ibrahim KAYALI
2 SELF-Elj“ FiCACY OF MIDDLE SCHOOL STUDENTS Prof. Dr., Kiirsat
:’é“ STUDYING IN URBAN AND RURAL AREAS YENILMEZ
2]
z |3
O =
| %]
< £ ) L . .
n = 3 Gorsel Sanatlar Egitiminde Scamper Tekniginin Dezavantajli Tusba UZUN GEDIKLI
~ § Bireylere Uygulanmasi &
-
- —
< a)
I w
o
a
4 The Communicative Approach in Foreign Language Teaching Dog.Dr, Ahmed ALDYAB
5 The Structural Approach in Foreign Language Teaching Dog.Dr, Ahmed ALDYAB

Academy Global Conferences & Journals
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AKDENIZ 13th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AKDENIZ 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
AKDENIZ ART 4TH INTERNATIONAL GROUP EXHIBITION

January 3 — 5, 2025
KYRENIA
Meeting ID: 885 7151 8350 Passcode: 202224

5 Ocak / Jan 5, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
. | THEPOSITIVE PERCEPTION TOWARDS MARRIAGE SCALE: zﬁli’sifg's g?ggEan/zifilN
THE STUDY OF VALIDITY AND RELIABILITY ESRA SOPUOGET
) NEGLIGENCE SCALE IN MARRIAGE: VALIDITY AND PROF. DR. AHMET AKIN
RELIABILITY STUDY BUSRA TEBER DURSUN
z
~ Z 3 VALIDITY AND RELIABILITY STUDY OF THE FAMILY PROF. DR. AHMET AKIN
> < APPRECIATION SCALE AMINE AFRA KILIC
- 2
< IS
n e
< <
- 5 . THE SCALE OF FINANCIAL DECEPTION IN MARRIAGE: zil?szifi?s'aﬁ:'g';;ﬁg"\'
% < VALIDITY AND RELIABILITY STUDY BUSRA AKKOSE
a
5 LIFE ENGAGEMENT SCALE IN ADOLESCENTS: A STUDY i?;;g{rtﬁzrﬂeggg:isi
OF VALIDITY AND RELIABILITY Voo AT AL
6 PARENTALIZATION IN ROMANTIC RELATIONSHIPS zfﬁgilﬁlﬂegg\rfﬂsi
SCALE: A VALIDITY AND RELIABILITY STUDY Aysonur SALTABAS

Academy Global Conferences & Journals
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AKDENIZ 13th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
AKDENIZ 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
AKDENIZ ART 4TH INTERNATIONAL GROUP EXHIBITION

January 3 — 5, 2025
KYRENIA
Meeting ID: 885 7151 8350 Passcode: 202224

5 Ocak / Jan 5, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 THE POETIC SEMANTICS OF PROVERBS AND PARABLES Assoc. Prof. Dr. Nazile
IN THE ALIAGHA VAHID’S CREATION Abdullazade
) LATIFE TEKIN’IN “SEVGILI ARSIZ OLUM” ROMANININ Avsesil Yildiz Ula
3 FEMINIST BAGLAMDA INCELENMES] ysee $
S
o
=]
™ g e .
z < 3 BELGESEL TIYATRO ve KULRENGI SABAHLAR Dr. Ogr. Uyesi, M. Arif
o) P ERZEN
2 |3
% z
: 5 Szi'gretim Gorevlisi Ali Omiir
| . . . usoy
3 o 4 POSTMODERN TIYATRODA EPISTEMOLOJIK BASKALASIM | i oo
T o Sanioglu
o
o
o
(2]
2 )
= ; . Yiiksek Lisans Ogrencisi,
5 CAGDAS SANATTA ESTETIK VE ELESTIRI Unsilo UNLER
MERHAMET YORGUNLUGU KAVRAMININ GORSEL .
6 HIKAYE ANLATICILIGI UZERINDEKI ETKILER] Dog. Dr. Nadir BUCAN
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AKDENIZ ART 4TH INTERNATIONAL GROUP EXHIBITION

January 3 — 5, 2025
KYRENIA

Meeting ID: 885 7151 8350 Passcode: 202224

5 Ocak / Jan 5, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DIJITAL MEDYADA ARTIRILMIS GERCEKLIK PO
TEKNOLOJISININ KULLANIMI Birgiil OZGUL EREN
< 5 ILETISIM ARASTIRMALARINDA YAPAY ZEKA Mustafa ZAMBAK
> o~ KONUSUNUN BIBLIYOMETRIK ANALIZI: WEB OF SCIENCE | Dog. Dr., Emre Vadi
) = VERI TABANINA DAYALI BiR CALISMA BALCI
| —
< =
%) Q
~ N
J |3
% :E" FEATURES OF ATHLETIC TRAINING PARTICIPANTS’ E/E’;fc' gftgf ,:5;3228
& PASSION FOR WORKOUTS MALINAUSKAS
SAGIR PROFESYONEL SPORCULARIN KARIYER B‘ﬁﬁ"g"z Ogrencisi Ceyhun
YASAMLARINDA ZEIGARNIK ETKI UZERINE BIR .
INCELEME Dog. Dr. Ziihal
YURTSIZOGLU

Academy Global Conferences & Journals
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AKDENIZ 13th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
AKDENIZ ART 4TH INTERNATIONAL GROUP EXHIBITION

January 3 — 5, 2025
KYRENIA
Meeting ID: 885 7151 8350 Passcode: 202224
5 Ocak / Jan 5, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 5
Prof. Dr. Sabit MENTESE

URUN SORUMLULUGUNDA SORUMLU KiSI KAVRAMI

Zehra TURKYILMAZ

CHANGE IN PUBLIC ADMINISTRATION IN THE CONTEXT
OF POSTMODERNISM

Prof. Dr. Sabit MENTESE

A RESEARCH ON STUDENTS’ POLITICAL SOCIALIZATION
PROCESS: THE CASE OF FIRAT UNIVERSITY FACULTY OF
ECONOMICS AND ADMINISTRATIVE SCIENCES

Assist. Prof. Emel ILTER
Zeynep BALCI

Abdul Karim Soroush, the most important religious reformer of
Iranian society after the 1979 revolution

Assist. Prof. Aref
barkhordari

TURIZM ORGUTLERINDE OZNEL Y1 OLUS YONTEMLER
VE FAYDALARI

Dr. Ogretim Uyesi Selin
KAMA

EVALUATION OF THE IMPACT OF VIOLENCE AGAINST
HEALTHCARE WORKERS AND THE WHITE CODE
APPLICATION: AN INTEGRATION APPROACH FROM THE
PERSPECTIVE OF HEALTH TOURISM

Enver Birkan OZCEYLAN
Assoc. Prof., Ziileyhan
BARAN

A CONCEPTUAL REVIEW OF RESEARCH ON
TELEMEDICINE iN DIGITAL HEALTH TOURISM

Master of Science Student,
Giilsah SARI

Assoc. Prof., Ziileyhan
BARAN

SAGLIK TURIZMININ YORESEL ETKILERI: EKONOMIK,
SOSYAL VE
KULTUREL DINAMIKLER

Dr. Ogr. Uyesi Ali Riza
KUL

Saadet YESILTAS

Zeki Kemal KUL

Veysel BENEK
Dog.Dr.Emine CIHANGIR

Academy Global Conferences & Journals
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AKDENIZ ART 4TH INTERNATIONAL GROUP EXHIBITION

January 3 — 5, 2025
KYRENIA
Meeting ID: 885 7151 8350 Passcode: 202224

5 Ocak / Jan 5, 2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CHINESE INVESTMENTS IN RUSSIAN AGRICULTURE: Linfeng Huan
1 CHALLENGES AND OPPORTUNITIES eng 9
Maria Okot
DESIGNING WORK ENVIRONMENTS TO ENHANCE
2 EMPLOYEE WELL-BEING AND ORGANIZATIONAL Jodo Pereira
INNOVATION Amina Dlamini
SUPPLY CHAIN MANAGEMENT AS A DRIVING FORCE IN Carlos Eduardo Lima
3 THE EVOLUTION OF GASTRONOMY .
Aisha Kamara
DIGITAL TRANSFORMATION IN ENTREPRENEURSHIP Ana Jlia Ribei
4 EDUCATION: OPPORTUNITIES AND CHALLENGES na Jutta Ioetro

Wei-Lin Zhang

CONSUMERS’ ATTITUDES TOWARDS HEALTH-

s CONSCIOUS MARKETING AND ITS IMPACT ON ';"azsefl’(‘fg;mﬁ?b"
PURCHASING DECISIONS e

HALL / SALON 6
Assoc. Prof. Dr. Hui Lin

INFLUENCE OF SUSTAINABLE FOOD MARKETING ON

6 CONSUMER PURCHASING BEHAVIOR Dr. LiWei, Chen Zhang,

Assoc. Prof. Dr. Hui Lin

EFFECTIVE STRATEGIES FOR ENHANCING FOREIGN
GUEST EXPERIENCE IN SOUTH KOREA'S HOSPITALITY lec. Min-seok Kim,
7 INDUSTRY Ji-hyun Park,

Dr. Soo-jin Lee

Academy Global Conferences & Journals
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AKDENIZ ART 4TH INTERNATIONAL GROUP EXHIBITION

January 3 — 5, 2025
KYRENIA

Meeting ID: 885 7151 8350 Passcode: 202224

5 Ocak / Jan 5, 2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EFFECT OF SOCIAL MEDIA ON COLLABORATIVE Adebavo Oluwaseun
LEARNING IN HIGHER EDUCATION Y S
Dr. Folake Ayomide,
Prof. Dr. Chidi Okonkwo
TOURISM ENHANCEMENT THROUGH AUGMENTED .
REALITY IN HISTORICAL SITES Ahmed S. lbrahim,
Fatima A. Kassem,
AGRITOURISM DEVELOPMENT IN AFRICA: EXPLORING M. N. Fofana,
NEW ECONOMIC OPPORTUNITIES R. A. Toure,
o K. D. Bamba
2
~ c
=z o
@) é SUSTAINABLE TOURISM PLANNING: A TERRITORIAL
| — APPROACH FOR ECONOMIC AND ENVIRONMENTAL Dr. Ana Costa,
g o BALANCE Dr. Rafael Silva
=
~
3 o
- —
% D SUSTAINABLE TOURISM PLANNING: A TERRITORIAL
S APPROACH FOR ECONOMIC AND ENVIRONMENTAL Dr. Ana Costa,
a BALANCE Dr. Rafael Silva
THE EFFECT OF POLITICAL INSTABILITY ON THE Assis. Priof. Dr Ahmed M.
DEVELOPMENT OF TOURISM AND ARCHAEOLOGICAL Al-Sayed,
SITES: ASTUDY OF EGYPT AFTER THE 2011 REVOLUTION Farida H. Kamal,
Dr. Omar T. Fathy
IMPACT OF SECURITY MEASURES ON FAN ATTENDANCE M. J. Lee,
AT PROFESSIONAL FOOTBALL MATCHES K. H. Park,
J. S. Kim
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THE INFLUENCE OF THE GENERAL DATA PROTECTION
REGULATION ON HUMAN RESOURCE PRACTICES IN Maria Oliveira,
SCHOOLS Assoc. Prof. Dr. Jodo Costa
THE ROLE OF MINIMUM SPEECH SIGNAL DATA IN VOICE
IDENTIFICATION FOR FORENSIC ANALYSIS . .
Dr. Zhang Jun, Liu Mei
THE IMPACT OF UNDERFUNDING ON POLICE Chijioke Okafor
CORRUPTION IN NIGERIA Dr. Adebayo Afolabi
= THE INFLUENCE OF MISINFORMATION ON GOVERNANCE
N .
2 ,SA_II_\IUDDI;UBLIC POLICY FORMULATION: A COMPARATIVE Carlos Eduardo Souza,
© O Mariana Lima de Andrade
2 3
9 K
5) E THE IMPACT OF INDUSTRIAL EFFLUENT MANAGEMENT
: o POLICIES ON WATER PROTECTION IN AFRICA Zanele Moyo, Assis. Prof.
0 e Dr. Thabo Dlamini
< A
I <
S
a
<«
SOUTH KOREA AND BRAZIL ECONOMIC RELATIONS: A Lucas D. Oliveira. Mariana
STUDY THROUGH THE WORLD TRADE ORGANIZATION F. Silva ' !
COMBATING RADICALIZATION AND VIOLENT
EXTREMISM: A COMPARATIVE STUDY OF BRAZIL, Carlos Silva
KENYA, AND SOUTH EAST ASIA X i
Amina Ndegwa
THE IMPACT OF INTERNATIONAL ENVIRONMENTAL LAW
ON SOUTH AFRICA: A CASE STUDY OF EARTHLIFE A Chikondi. Dr. B
AFRICA JOHANNESBURG V MINISTER OF ENERGY AND ' e
OTHERS Mwansa
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THE INFLUENCE OF SOCIAL MEDIA ON GOVERNMENT
1 POLICIES IN BRAZIL: A COMPREHENSIVE STUDY Jodo Silva, Maria Souza

PUBLIC SERVICE ETHICS IN LOCAL GOVERNANCE: A

Assis. Prof. Dr. Daniel M.
2 STUDY OF PERCEPTIONS AND CHALLENGES Gama, Prof. Dr. Maria C.

Silva

LEGAL FRAMEWORK AND STRATEGIES FOR AIR

5 | POLLUTION MITIGATION AND ADAPTATION IN EAST Amina S. Abdi, Hassan A.
. AFRICAN LOCAL GOVERNMENTS Mohamed
IS
o S
Z 3
< MORDECHAI VANUNU: THE NUCLEAR WHISTLEBLOWER
3 < 4 | AND THE CHALLENGE TO ISRAELI MILITARY ETHICS EjfjﬁLL"pes‘ Isabella
S
28
- :
.| e
X a ADDRESSING MENTAL HEALTH NEEDS TO REDUCE
T w RECIDIVISM: THE ROLE OF EARLY DIVERSION IN Ahmed Al-Hassan Assoc
£ 5 | CRIMINAL JUSTICE REFORM brof, D, Sarah Adeyem
LIMITS AND RESPONSIBILITIES IN FREEDOM OF
s | EXPRESSION: LESSONS FROM AFRICA'S DIGITAL Amina Sani,
LANDSCAPE _
Ibrahim Bello
THE EVOLUTION OF STUDENT UNDERSTANDING OF Amir Youssef,
7 | CONFLICT RESOLUTION IN POLICE TRAINING Fatimah Abdullah,

Ibrahim Mohammed
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THE EFFECT OF GLOBALIZATION ON THE DEVELOPMENT Jisoo Lee
OF SOUTH KOREA'S TECHNOLOGICAL SECTORS A A
Minho Kim
GOVERNMENT RESPONSES TO THE REINTEGRATION OF .
TRAFFICKING SURVIVORS: A STUDY OF BRAZIL Lucas Almeida Costa,
Mariana Souza Silva
THE ROLE OF ENVIRONMENTAL EMOTIVE TRIGGERS IN Assis. Prof. Dr. Hanae
RADICAL IDEOLOGICAL PROPAGANDA Abid,
Dr. Tariq Al-Mansouri
® BARRIERS TO ACCESSING STANDARDIZED CARE FOR
o % k7] LYME DISEASE AND RELAPSING FEVER BORRELIOSIS A. Nguemeleu, L. Ndong,
= « g PATIENTS E. Tchuente
zZ 2 o
9 ST
§) E 2 STRENGTHENING PERSONAL DATA PROTECTION
- P 0: THROUGH TECHNICAL MEASURES IN COMPLIANCE WITH Ahmed Nasser,
:II E OD: HUMAN RIGHTS Yara Mohamed Khalid
< 4w
I ‘7 O
7
<0
PREDICTING MORTALITY IN ACUTE BURN PATIENTS K. Ahmed Nour. R. M
USING THE BOBI SCORE AND FLAMES SCORE Habib Ali, S. T. Waly, A.
M. Omar
SOCIAL REACTIONS TO ETHNIC PROTESTS IN ISRAEL.: .
THE CASE OF THE WADI SALIB RIOTS (1959) Dr. David Cohen,
Prof. Dr. Miriam Levy
THE IMPACT OF TERRORISM AS A GLOBAL ASYMMETRIC Assis. Prof. Dr. José Sil
THREAT ON NATIONAL SECURITY FORCES SSIS. (TOT I, J0SC SUvVa,
Prof. DR. Ricardo Costa
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1 BATI ANADOLU’DA YUNAN PROPAGANDASI VE FENER Bagogretmen, Selim
RUM PATRIKANESI’NIN CALISMALARI (1919-1922) ARPACI
zZ . .
— = LiAO DEVLETI (KiTAN) VE KUZEY SONG HANEDANI
= 2 2 ARASINDA BARISIN TESISi; SHANYUAN ANTLASMASI Doktor, Sedat SAYIN
9 %)
< S
% g
~ 9]
j o 3 CONTEXTUAL ANALYSIS OF PROPHETIC REFERENCES ON | Doktora Ogrencisi,
< 8 WOMEN’S TESTIMONY IN CLASSICAL LEGAL RULINGS Siimeyye BAHCA
T S
o
. VON HIPPEL-LINDAU (VHL) SENDROMUNUN ]E)ZTaD'\i“;ZS"e'm:Z
PSIKOSOSYAL ETKILERININ INCELENMESI COLGECEN
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Authors

-

AMELIYATHANE KAYNAKLI CERRAHI ALAN
ENFEKSIYONLARINI ONLEME

Ogrenci Hemsire, Dilara
GURSEL

Ogrenci Hemsire, Aysu
CELIK

Dr. Ogr. Uyesi, Hatice
ERDOGAN

RISKLI DEPREM BOLGESINDE YASAYAN SAGLIK
CALISANLARININ

Hemsire Sevde CAKAR
Hemgire Deniz YUCEL

=)
—
Q
; E PSI"EFIXEE];\;[JEIISLI? ALGISININ YASAM DOYUMUNA ETKISI: Hemsire Selin OKSUZ
o > Ogr. Gor. Dogancan
2:| § ORNEGH VAIZOGLU
% =
-~ )a)
- S
< (=]
T _!é FEYZA ONAL
'U USE OF PERSONAL PROTECTIVE EQUIPMENT BY NURSES Assoc. Prof. Dr.
o WORKING IN EMERGENCY DEPARTMENT MAKBULE TOKUR
2 KESGIN

A CURRENT APPROACH IN SURGERY: ERAS PROTOCOL
and NURSING

Yiiksek Lisans Ogrencisi
Bestegiill VAROL

Dog. Dr. Senay KARADAG
ARLI
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DONER KANATLI INSANLI HAVA ARACLARINDA
1 YENILIKCi FARKLI PALE UCU BASKALASIM Dog. Dr., Firat SAL
OLGULARININ TASARIMLARININ ELE ALINMASI

© = ) DERIN OGRENMEYLE KABLO DEMETI SOKET =~ ]E)Ir_ﬁfgjyes‘ Bahadir

z o MONTAJINDA YARIM VEYA TERS PRIZ HATA TESPITI -

@] - Giircan KILIC

= g

5|4

3 A INVESTIGATION ON MECHANICAL PROPERTIES OF

- N 3 VOLCANIC SLAG Alperen Bogrekei

< ‘5‘“ REINFORCED POLYMER MATRIX COMPOSITES Lecturer Dr., Saadet Giiler

PRODUCED BY ADDITIVE MANUFACTURING

4 LARGE DIAMETER STEEL PIPE BENDS UNDER CYCLIC Asst. Prof., Ercan Serif
LOADINGS KAYA
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.

Prof. Dr. Akin OZCiFT

HALL / SALON 4
Assoc. Prof. Dr. Fatih YUCALAR

EVALUATING CODE QUALITY WITH PREDICTIVE
MODELS: A COMPARATIVE ANALYSIS OF MACHINE
LEARNING ALGORITHMS

Assoc. Prof. Dr. Fatih
YUCALAR
Prof. Dr. Akin OZCIFT

DEMIRYOLU HAT ARIZALARININ KESTIRIMCI MAKINE
OGRENMESI YONTEMLERIYLE ONCEDEN TAHMIN
EDILMESI

Prof. Dr. Akin OZCIFT
Dog. Dr. Fatih YUCALAR

An Innovative Hyperparametric Interface for Accurate and User-
Friendly System Marginal Price Forecasting in Energy Markets

Dr., Mehmet KIZILDAG
Assoc.Prof.Dr., Fatih
ABUT

Prof.Dr., Mehmet Fatih
AKAY

KLASIK SWOT ILE SSWOT ANALIZ KARSILASTIRMASI:
DHMI’NDE UYGULAMA

Dog. Dr., Buket KARATOP
Miih., Furkan OZDEMIR
Miih., Enes BEYAZ

PROJE YONETIMINDE YAPAY ZEKA DESTEKLI STRATEJIK
YONETIMIN UYGULAMA ZORLUKLARI ANALIZi

Dog. Dr., Buket KARATOP
Mehmet Alp EHLIZ
Hasan GUNDOGDU

KUME BIRLESIMLI SIRT CANTASI PROBLEMLERI iCIN

Dr.Ogr.Uyesi, Giilnur

GELISTIRILMIS IKiLi AQUILA OPTIMIZE EDICi YILDIZDAN
Ugur TUMER
DESIGN OF PYTHON BASED REAL-TIME SIMULATION Alkim GOKCEN
ENVIRONMENT FOR CONTROL APPLICATIONS Mehmet Ugur SOYDEMIR
Savas SAHIN

GORUNTU ISLEME PROBLEMLERINININ TV DUZENLEME
MODELI VE KADEMELI OLARAK DEGISEN FONKSIYON
YARDIMIYLA ¢COZUMLERI UZERINE

Dr, Ahmet YILDIRIM
Prof.Dr, ismet KARACA
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Demlenmis Cay Atig1 Kullaniminin Polimer Kompozitlerin Fiziksel | Dr. Ogr. Gér. Hasan
ve Mekanik Ozelliklerine Etkisi POLAT
DETAILED INVESTIGATION OF MENTHA ARVENSIS L.
PHENOLIC COMPOUNDS COLLECTED iN DIFFERENT Mehmet Salih NAS
REGIONS OF IGDIR PROVINCE USING EXTRACTION Musa KARADAG
METHOD.
:1 o
3 INVESTIGATION OF THERMOPHYSICAL AND ge:\z(al\ﬁrah'm Ali AL-
o 2 MECHANICAL PROPERTIES OF PEBBLE STONE Assoc. Prof. Dr.. Ercan
% = REINFORCED EPOXY COMPOSITES AYDOGMUS
e 3
< <
) =
~ ™
- 2 Heba ASKAR
= O Prof. Dr., Cevdet
% é;n INFLUENCE OF WHEAT BRAN FILLER ON PHYSICAL AND AKOSMAN
bl
S MECHANICAL PROPERTIES OF POLYESTER COMPOSITES Assoc. Prof. Dr., Ercan
v AYDOGMUS
a
SILISYUM KARBUR TAKVIYELI ALUMINYUM MATRISLI AHMET BURAK CEBECI
FONKSIYONEL DERECELENDIRILMIS KOMPOZITLERIN NACI ARDA TANIS
VAKUM INFILTRASYON YONTEMI iLE URETIMI Recep CALIN
CIFTLIK KOY(’NDE (YAKUTIYE, ERZURUM) YEMEKLIK EDIr{'(%i g(y)ezslliu‘ ‘IR’ZT v
OLARAK KULLANILAN RUMEX spp. TAKSONLARI
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1 USE OF PHYGITAL MARKETING TOOLS IN THE FOOD Yiiksek Lisans Ogrencisi,
INDUSTRY: A REVIEW ON FAST FOOD PRODUCTS Beyza Nur TURK
SURDURULEBILIR PAZARLAMA VE SOSYAL MEDYA Doktorant. Siimevve
2 TEKNIKLERININ SURDURULEBILIR TUKETIM SZBURAK umeyy
DAVRANISLARA ETKISI: Z KUSAGI INCELEMESI
3 A SYSTEMATIC LITERATURE REVIEW OF CONSUMER Dr. Mehmet Arif TUNCER
CYNICISM
2 SURDUREBILIRLIGIN SIRKETLERIN FINANSAL - -
8 4 PERFORMANSI UZERINDE ETKISi Dr. Idris ADIGUZEL
© >
Z -} DIJITALLESMENIN TURKIYE’DEKI BANKALAR - -
9 % 5 UZERINDEKI ETKISI Dr. Idris ADIGUZEL
S | =
(92]
g = I .
_ S FUTBOL ENDUSTRISINDE YASANAN OLIGOPOLLESME VE -
2 ~ ® | BUNUN FUTBOL PIYASASINA OLAN ETKILERI Prof. Dr. Mihalis KUYUCU
T -
LT
2
o SUSTAINABILITY IN BUSINESS, FUNCTIONING OF THE ) .
! ACCOUNTING SYSTEM AND REPORTING Ars. Gor. Selin KORRMAZ
8 TURKIYE’DEKI YABANCI SERMAYELI BANKALARIN Dr. Seyma Nur AYDIN
PERFORMANS ANALIZI Dog. Dr. Asir OZBEK
9 TURKIYE’DEKI REASURANS SIRKETLERININ FINANSAL Dr. Seyma Nur AYDIN
PERFORMANS ANALIZI Dog. Dr. Asir OZBEK
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DEVELOPMENT AND VALIDATION OF ATOOL TO Dr. Ahmed Al-Mansoori,
MEASURE COPING MECHANISMS IN RESPONSE TO Fatima Jassim,
STRESSFUL ENVIRONMENTS Dr. Khaled Al-Hassan,
Nora Al-Farisi
UNDERSTANDING EMPLOYEE BEHAVIOR THROUGH Amadou Dio
ORGANIZATIONAL CULTURE AND COMPLEX ADAPTIVE Mariama TOL?IJG
SYSTEMS THEORY P
Boubacar Diallo
IMPACT OF SOCIAL MEDIA: A STUDY ON STRESSORS IN
MODERN LIFESTYLES Prof. Dr. Zhang Mei
Jo
[S]
= €
% < PERCEPTION OF EMOTIONS IN VEHICLE DESIGN: THE
c INFLUENCE OF FACIAL FEATURES ON DRIVER -
3 2 INTERPRETATION he L Zhang,
) ] Zhao Wei Li
= >
-
- —
% o COGNITIVE FLEXIBILITY IN ECOLOGICAL M. Tanaka
"'é REHABILITATION: A STUDY OF LOCAL COMMUNITY K .Liu '
o ENGAGEMENT Y. Wang
USING PSYCHOMETRIC TOOLS IN COGNITIVE
BEHAVIORAL THERAPY: A COMPARATIVE STUDY OF Juan Carlos Silva,
MMPI-2 AND MMSE-2 APPLICATIONS Prof. Dr. Mariana Rocha
EFFECTS OF HEMODIALYSIS DURATION ON COGNITIVE .
FUNCTION: A STUDY IN WEST AFRICA M. T. Bakari, O. A. Kante,
D. F. Abubakar, 1. S. Diop
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EMOTIONAL REGULATION AND ITS IMPACT ON
ADDICTION TREATMENT: A STUDY OF THE CHANGE & Amina Bahrami,
GROW® MODEL Fatima Alavi,
Hossein Karami
DISCREPANT VIEWS OF SOCIAL COMPETENCE AND ITS Marta Silva, Jodo Costa,
CONNECTION WITH SOCIAL ANXIETY IN ADOLESCENCE Ana Rodrigues, Pedro
Ferreira
SOCIAL SUPPORT AND QUALITY OF LIFE AMONG
ADOLESCENTS WITH CEREBRAL PALSY TEMPORARILY M. Akinyele,
ORPHANED DUE TO PARENTAL MIGRATION T. Oladipo
DEVELOPMENT AND PSYCHOMETRIC PROPERTIES OF
= THE RELATIONAL MOBILITY SCALE FOR THE NIGERIAN Chijioke Okoro,
© 2 POPULATION Amina Bala
g 72
e =]
< S
n - EXPLORING ELDERLY CARE IN PRIVATE HOMES,
=~ B~ HOSPITALS, AND LONG-TERM FACILITIES: A SOCIO- Assis. Prof. Dr. Naruemon
j = PSYCHOLOGICAL ANALYSIS IN BANGKOK Srisuk,
< E Kantana P. Apichatpong
I -

THE IMPROVEMENT OF MILITARY PILOT TRAINING
THROUGH COGNITIVE AND PSYCHOPHYSIOLOGICAL
ASSESSMENTS

A. K. Sarsenov,
D. M. Bekmuratov

A FRAMEWORK FOR ANALYZING HUMAN RESPONSE TO
ENVIRONMENTAL NOISE

Maria Fernandes,
Prof. Dr. Jodo Silva

EMOTIONAL REGULATION AND ITS IMPACT ON
ADDICTION TREATMENT: A STUDY OF THE CHANGE &
GROW® MODEL

Amina Bahrami,
Fatima Alavi,
Hossein Karami
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THE IMPACT OF DIALYSIS-INDUCED STRESS ON PATIENT Fatima S. Hassan. Dr
OUTCOMES: A STUDY FROM EGYPT ’ A
Ahmed M. Zaki
IMPROVING NURSING PRACTICES IN PEDIATRIC DENTAL Dr. Mariam Konaté. Dr
CARE: A SYSTEMATIC REVIEW - Viarlam Bonate, Lr.
Felix Okoro
ASSESSING TEAMWORK SKILLS THROUGH SIMULATION E. Ndanga, T. Owusu, R.
IN UNDERGRADUATE HEALTH EDUCATION Kamau, P. Karume, J.
Sibanda
2 )
zZ =l
9 g YOGA AS A HOLISTIC APPROACH FOR IMPROVING
< <—( QUALITY OF LIFE IN CHILDREN WITH CANCER Dr. Kwame Addae
n
~ S
- o
| n
< o
I o SOCIAL DYSFUNCTION IN SCHIZOPHRENIA: THE IMPACT Dr. Sofia Almeida, Dr.
OF SUBSTANCE MISUSE AND SUPPORT SYSTEMS Lucas Martins, Dr. Mariana
Costa
PERFORMANCE DIFFERENCES IN CARDIO-RESPIRATORY Dr. Avesha Rehman. Dr
FITNESS AMONG ATHLETES: A COMPARATIVE STUDY - AYEsh: T
Lukas Meier
OVERCOMING BARRIERS IN INTRAMURAL SPORTS
PROGRAMS IN SECONDARY SCHOOLS: CASE STUDY Adebayo Adekunle,
FROM LAGOS, NIGERIA Fatima Yusuf
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AERODYNAMIC OPTIMIZATION IN CYCLING TEAM
EVENTS: ANALYSIS FROM WIND TUNNEL TESTING IN Ji-Hoon Park,
SOUTH KOREA Min-Young Kim,
FOOTBALL JERSEY CULTURE AND FAN LOYALTY: Sioho Dlamini
PERSPECTIVES FROM SOUTH AFRICAN YOUTH P
Thandeka Mbatha
ENHANCING JUDO PERFORMANCE IN VISUALLY Ana Beatriz Silva
IMPAIRED ATHLETES: AN EMPIRICAL STUDY IN BRAZIL
Gustavo Santos
PHYSICAL ACTIVITY AND COGNITIVE DEVELOPMENT IN Peter Okello
o CHILDREN: A COMPARATIVE STUDY IN KENYA
— < Grace Wanjiku
z |z
9 S
< 8
wn = THE EFFECT OF PHYSICAL EXERCISE ON ADIPOKINES Dr. Renata Oliveira. Dr
: o) AND MYOSTATIN: A COMPREHENSIVE REVIEW Mércelo Souza T
?EI =
(@]
I
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OZET

Cerrahi uygulamalar perioperatif hasta bakim kalitesinin artmasina yonelik multidisipliner bir
ekip yaklagimi gerektirmektedir. Multidisipliner ekip; olas1 komplikasyonlar1 6nlemek veya
minimalize etmek, erken taburculugu, tekrar yatis ihtiyacinin azaltilmasini ve hastanin giinliik
yasam kalitesine tekrar donmesini saglamak amaciyla kanita dayali uygulamalar dogrultusunda
hareket etmektedir. Cerrahi Sonras1 Hizlandirilmis Iyilesme (ERAS) protokolii, geleneksel
bakima kiyasla cerrahi kosullari ve iyilesme evrelerini hizlandirmak i¢in kullanilan kanita
dayali uygulamalardir. ilk kez Prof. Henrik Kehlet tarafindan 1990’larda temeli olusturulan
ERAS protokoliiniin temel amaglar1 arasinda cerrahiye bagli olusan stresi azaltarak fizyolojik
islevleri korumak ve iyilestirmek yer almaktadir. ERAS protokolii ameliyat 6ncesi hastanin
bilgilendirilmesinden baglayarak ameliyat sonrast donemde taburculuk, takip ve sonuglarini
iceren beslenme, anestezi, analjezi gibi cerrahi siire¢ kavramlarini ele alan 6gelerden olusur. Bu
ogeler cerrahi hastanin yasadii perioperatif bakim asamalar1 siirecinde uygulanir. Son
donemlerde yapilan ¢aligmalar incelendiginde ERAS protokolii uygulanan hasta gruplarinda
sonuglart iyilestirmedeki etkinligi goriilmiistiir. Bu c¢alismada ama¢ ERAS protokolii ile
geleneksel bakim uygulanan cerrahi hastalar arasinda yapilan ¢aligsmalarin incelenerek ERAS
protokoliiniin etkinligi, giivenirligi ve uygulanabilirliginin ortaya ¢ikarilmasini saglamaktir.

Anahtar Kelimeler: ERAS protokolii, hemsirelik, cerrahi prosediirler, cerrahi stres, geleneksel
bakim

ABSTRACT

Surgical procedures require a multidisciplinary team approach to improve the quality of
perioperative patient care. The multidisciplinary team acts in line with evidence-based practices
to prevent or minimize potential complications, provide early discharge, reduce the need for
readmission, and enable patients to return to daily quality of life. Enhanced recovery after
surgery (ERAS) protocols are evidence-based practices used to accelerate surgical conditions
and recovery phases compared with conventional care. The ERAS protocol, first established by
Prof. Henrik Kehlet in the 1990s, aims to maintain and improve physiological functions by
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reducing the stress associated with surgery. The surgery process involves several key
components, including nutrition, anesthesia, analgesia, discharge, follow-up, and postoperative
outcomes, starting with providing patients with preoperative information. These elements are
integral to the perioperative care stages. Recent studies have shown the effectiveness of the
ERAS protocol in improving outcomes across various patient groups. This study aims to
examine the effectiveness, reliability, and applicability of the ERAS protocol by examining the
studies conducted on surgical patients for whom ERAS protocol and traditional care were
applied.

Keywords: ERAS protocol, nursing, surgical procedures, surgical stress, traditional care

1. GIRIS

ERAS (Ameliyat Sonras1 Gelistirilmis Iyilesme) perioperatif (ameliyat dncesi, sirasi ve sonrasi)
donemde hastanin cerrahi slirecinde yer alan, kanita dayali uygulamalar1 i¢eren, bazi iilkelerde
“Fast Track Surgery-FST (Hizlandirilmis Iyilesme)” olarak da adlandirilan multimodal bir
kavramdir. 1990°larda Prof. Henrik Kehlet tarafindan temel taslari olusturulan ERAS protokolii
ilk olarak kolorektal cerrahide ameliyat sonrasi iyilesmelerin hizlandirilmasi amaciyla ortaya
cikmistir (Kirdemir ve Alkaya Solmaz, 2020). Yayinlanan verilerde sadece tek protokoliin
ERAS’1n uygulanabilirligi agisindan anlamli bir degisiklik saglayamadiginin gortilmesi iizerine
ERAS protokolii sadece kolorektal cerrahiyle sinirli kalmamis zaman igerisinde ortopedik
cerrahi, kardiyak cerrahi gibi cerrahinin hemen hemen her alaninda kanita dayali uygulamalar1
ile yol gosterici olmustur. Ayrica bu siirecte 2010 yilinda Isve¢’in Stockholm sehrinde resmi
olarak kurulan ERAS Dernegi (ERAS Society) de ERAS protokolii basta olmak iizere cerrahi
prosediirler i¢in rehber niteliginde yonergeler yaymlamistir (Jain et al., 2023).

Cerrahi girisim gerektiren olgularin artmasiyla beraber perioperatif bakimin etkinligini
saglamak, cerrahi komplikasyonlar1 onlemek, cerrahi sonrasi hastaneden ayrilan hastanin
esenliginin kendi konfor alaninda da devam etmesini saglamak i¢in geleneksel bakimin yerine
daha giivenilir bakim stratejilerinin uygulanmasi gerekmektedir (Sauro et al., 2024). ERAS
protokolii geleneksel bakima kiyas bir segenek olarak karsimiza ¢ikmaktadir. Protokoliin temel
amaglar arasinda cerrahiye bagli olusan operatif stresi azaltarak fizyolojik islevleri korumak
ve lyilestirmek, bunun beraberinde morbidite ve mortalite oranlarin1 azaltmak yer almaktadir
(Poletti et al., 2024). Igerisinde cerrah, anestezist, hemsire, fizyoterapist gibi saglik
personellerinin yer aldig1 multidisipliner bir ekip bu amag¢ dogrultusunda hareket ederek ERAS
protokoliiniin uygulanabilir olmasini saglamaktadir. Sauro ve arkadaslar1 (2024) tarafindan
randomize klinik ¢alismalarin incelendigi bir meta-analizde ERAS uygulanan hasta grubu
hastanede kalis siiresi, tekrar yatig, komplikasyonlar ve mortalite oranlar1 yoniinden incelenmis,
ERAS kilavuzlarinin hastanede kalis siiresini ve komplikasyonlar1 azalttig1 agiga ¢ikarilmistir.
Yapilan ¢alismalarda geleneksel bakima kiyasla daha az hastanede kalis orani, hizli mobilize
ve daha az cerrahi alan komplikasyonlar1 goriilen ERAS protokolii uygulamasmin Kklinik
caligmalarla desteklenen sonuglar1 Cizelge 1°de gosterilmistir.
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Cizelge 1. ERAS Protokolii ve Geleneksel Bakim Uygulamalar1 Konusunda Yapilan

Klinik Calismalar
Yazar, Y1l | Arastirma Orneklem, Sonuclar
Tasarimi Hastalarin
Ozellikleri
Bahadur Randomize | Robotik ERAS grubunda geleneksel bakim
ve ark., kontrollii histerektomi uygulanan hasta grubuna kiyasla 6nemli
2024 geciren 130 hasta | 6l¢iide goriilen sonuglar:

-  ERAS - Diyete daha hizli tolerans (0,14 +
grubu: 65 0,35'e kars1 1,14 = 0,35 giin)

- Geleneksek - Erken yiiriime baglangici (0,42 +
bakim 0,5'e kars1 1,26 + 0,44 giin)
grubu: 65 - "Taburcu olmaya uygun" olma

siiresi (1,43 +0,61'e kars1 2,97 +
1,1 giin)
- Diisiik yerlestirme siiresi (4,82 +
0,73'e kars1 5,31 + 0,92 dakika)
- Hastanede kalis siiresinde azalma
(2,85 + 1,09'a kars1 3,78 + 1,29
giin)
Tandup ve | Randomize | Gastro-duodenal ERAS grubunda geleneksel bakim
ark., kontrollii perforasyonlu, uygulanan hasta grubuna kiyasla 6nemli
2023 modifiye graham Olciide gortilen sonuglar:
yamasi uygulanan - Hastanede kalis siiresinde azalma
64 hasta (6,3 SD2,15 giine kars1 9,56

- ERAS SD4,33 giin, p = 0,001)
grubu:29 - Erken fonksiyonel iyilesme (giin);

- Geleneksel ilk bagirsak sesine kadar gegen
bakim stire (1,8 SD0,41; p 0,002), ilk gaz
grubu: 35 cikarma (flatus) siiresi (2,52

SDO0,65; p = 0,026), ilk
defekasyon siiresi (3,04 SDO0,68; p
<0,001), ilk s1v1 diyete baglama
stiresi (2,24 SD0,60; p = 0,002) ve
ileus stiresine (2,64 SD0,86; p =
0,038)

Mihailescu | Prospektif | Kolorektal ERAS grubunda geleneksel bakim

ve ark., Kohort kanserlerden uygulanan hasta grubuna kiyasla 6nemli

2024 kaynaklanan ileus | 6l¢ilide goriilen sonuglar:

(bagirsak
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tikaniklig1) tanist
almis 120 hasta

- ERAS
grubu:40

- Geleneksel
bakim
grubu:80

- Daha az hastanede kalis stiresi (p
=0,0002)

- Belirgin bir sekilde daha az stoma
varligi

- Postoperatif komplikasyon riskini
artirmayarak hastalar i¢in
gelistirilmis iyilesme
stratejilerinin giivenliginin
saglanmasi

Ergeng ve | Randomize | Pankreas cerrahisi | ERAS grubunda geleneksel bakim
ark., Kontrollii geciren 38 hasta uygulanan hasta grubuna kiyasla 6nemli
2021 - ERAS Olciide goriilen sonuglar:
grubu:18 - Erken oral beslenme
- Geleneksel | ERAS grubu ile geleneksel bakim
bakim uygulanan hasta grubu arasinda goriilen
grubu:20 benzer sonuglar:
- Gecikmis gastrik bosalma ve
pankreas fistiilii
- Hastanede yatis siiresi ve tekrar
yatis oranlar1 dahil olmak {izere
perioperatif komplikasyon
oranlari
Jani ve Randomize | Maksillofasiyal ERAS grubunda geleneksel bakim
ark., Kontrollii travma gegiren 74 | uygulanan hasta grubuna kiyasla 6nemli
2023 hasta Olclide goriilen sonuglar:

- ERAS
grubu: 37

- Geleneksel
bakim
grubu: 37

- IV sivi kullaniminda ve 72 saate
kadar kullanilan toplam IV
analjezik sayisinda ve ameliyattan
hemen sonraki donemde anlamli
bir azalma (p=0,001)

- ERAS grubu 6 saat i¢inde oral
beslenmeye basladi ve ameliyat
oncesi fazda oral karbonhidratlara
anlamli1 sekilde uyumluydular (p =
0,001)

- PONV ataklari, sislik ve
enfeksiyonlar ERAS grubunda
anlaml1 derecede daha azdi (p >
0,05)
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- 1ki hafta sonra, ERAS grubunda
genel hasta memnuniyetinde ve
maliyet analizinde anlaml1 bir fark
goriildii (p = 0,001)

Caudhary | Randomize | Femur Fraktiirii ERAS protokolii dogrultusunda

ve ark., Kontrolli tanil1 operasyon operasyon oncesi karbonhidrat yiiklemesi
2022 planlanan 66 hasta | yapilan hasta grubunda geleneksel bakim
_ ERAS uygulanan hasta grubuna kiyasla 6nemli
grubu: 33 Olciide goriilen sonuglar:
- Geleneksel - Karbonhidrat yiikleme grubunda
bakim ortalama postoperatif agrida
grubu: 33 kontrol grubuna (VAS: 6,1 (SD +

2,1), %95 CI: 5,3-6,8) kiyasla
anlaml1 bir azalma oldu (VAS: 4,8
(SD =+ 1,8), %95 CI: 4,7-5,4).

- Ortalama Kiimiilatif Ambulatuvar
Skor (CAS), calisma grubundaki
katilimcilarin hareketlilik
fonksiyonunu yeniden kazanmada
kontrol grubuna (CAS: 6,8 (SD +
2,8), %95 CI: 5,8-7,8) kiyasla
anlaml bir iyilesme gosterdi
(CAS: 8,1 (SD +2,8), %95 CI:
7,1-9,1).

- Katilimcilarin taburculuk anindaki
Modifiye Barthel indeksi (MBI)
skor ortalamas1 ¢alisma grubunda
(MBI:13,1 (SD + 2,3), %95
CI:12,2-13,9) kontrol grubuna
gore (MBI: 11,8 (SD + 3,1), %95
CI:10,6-12,9) daha yiiksekti.

2. CERRAHI GIRISIM GECIREN HASTA BAKIMINDA ERAS PROTOKOLU ve
HEMSIRENIN ROLU

Cerrahi girisim geciren hastalar perioperatif donemde gereginden fazla yatig siiresi, iyilesme
slirecinin uzamasi ve postoperatif komplikasyonlar gibi olumsuz siireclerle karsilasarak
fizyolojik, psikolojik ve sosyal yonlerden etkilenebilmektedir (Zhang et al., 2024). Hastalarin
sahip oldugu yas, beden kitle endeksi, beslenme ve egzersiz bi¢imi, kronik hastaliklarin varligi,
sigara-alkol tiiketim aliskanliklart gibi faktorlerde bu siireci olumlu veya olumsuz agidan
degistirebilmektedir. Cerrahi siirecte olusabilecek komplikasyonlari en aza indirmek veya
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tamamen olugmasii engellemek, hastanin saghgini korumak ve silirdiirmek amaciyla
uygulanan yenilik¢i ve kanita dayali uygulamalardan olan ERAS protokolii bu amag
dogrultusunda sadece cerrahlarin degil icerisinde hemsgire, anestezist gibi diger saglik
personellerinin ve hatta hastalarinda yer aldigi ekip birliginin saglanmasini gerektirmektedir
(Akten ve Aba, 2024).

Cerrahi siirecin ilk asamasi olan ameliyat 6ncesi hasta egitiminde hemsireler ERAS protokolleri
dogrultusunda hastay1 fizyolojik ve psikolojik yonleriyle degerlendirerek biitiinciil bir yaklasim
sergilemelidir. Cerrahi girisim uygulanacak hastada stres ve anksiyete diizeyleri artabilmekte
ve bu durum uygulanacak cerrahi girisimin ertelenmesine veya iptal olmasina yol
acabilmektedir. Hemsirelerin bu siirecte hastaya karsi empatik ve motivasyonel bir iletigim
kurmasi, egitici ve bilgilendirici bir goriisme saglamasi, hastanin soru sormasina miisaade
ederek sorulara agiklayici cevaplar vermesi, hastayr da bu siire¢ icerisine katarak aktif rol
almasini saglamasi1 6nemli bir yer tutmaktadir. Li ve arkadaslar1 (2023) tarafindan yapilan bir
caligmada elektif laparoskopik kolorektal kanser cerrahisi geciren toplam 100 hasta her grupta
50 hasta olmak iizere 2 gruba ayrilmis ve bir gruba ERAS protokolii dogrultusunda hemsirelik
bakimi verilirken diger gruba rutin hemsirelik bakimi verilmistir. ERAS protokolii
dogrultusunda hemsirelik bakimi uygulanan hasta grubunda postoperatif iyilesmenin etkili bir
sekilde desteklendigi, perioperatif stres yanitinin azaldigi, anksiyete ve depresyonun hafifledigi
ve bunun beraberinde hasta memnuniyetinin arttig1 goriilmiistiir.

Ulkemizde Celebi ve Ilge (2022) tarafindan yapilan bir calismada ise cerrahi kliniklerde ¢alisan
hemgirelerin ERAS protokolleri hakkindaki bilgi diizeyleri arastirilmis ve kanita dayal
uygulamalar1 iceren bu protokol hakkinda egitim almadigi, preoperatif aglik, postoperatif
mobilizasyon ve agr1 yonetimi gibi konularda bilgilerinin sinirl oldugu sonucu elde edilmistir.
Bu nedenle hemsirelerin hizmet i¢i egitimlerinde bilgilendirmelerin yapilmasit ve
hemsirelerinde giincel ve yeni bilgiden haberdar olarak calistig1 klinige uygun olan bakim
uygulamalarina bu bilgileri yansitmasi 6nem tagimaktadir.

Ulkemizde Kirik ve arkadaslar1 (2024) tarafindan cerrahi kliniklerde calisan cerrah, anestezist
ve hemsirelerle yapilan bir calismada saglik personellerinin ERAS protokolleri hakkindaki
tutum ve bilgi diizeyleri incelenmis ve saglik personellerinin ERAS protokoliiniin uygulanmast
konusunda yeterli bilgi sahibi olmadigi, hizmet i¢i egitimlerde ERAS protokolii uygulamalarina
yeterince yer verilmedigi ve saglik personellerinin son donemde yapilan yeniliklerden
faydalanmadigi belirlenmistir. Bu nedenle arastirilmalarin  arttirilarak literatiire katki
saglanmasi, eksikliklerin belirlenerek bu dogrultuda saglik ¢alisanlarmin bilgilendirilmesi ve
bilgi dinamizminin saglanmasi, geleneksel yaklasimlardaki yanlis uygulamalarin yerini kanita
dayali uygulamalarin almasi saglanmalidir.

3. SONUC ve ONERILER

Sonu¢ olarak, ERAS protokolleri geleneksel cerrahi uygulamalarina kiyasla hastanin tiim
perioperatif slirecinde en 1iyi optimizasyonu saglamayir hedefleyen kanita dayali
uygulamalardandir. Literatiir incelendiginde ERAS protokolleri uygulanmasi1 dogrultusunda;
hastanede kalis siiresi azalmakta, erken mobilizasyon saglanarak birey giinliik yasam
aktivitelerine daha hizli donmekte, daha erken oral beslenme saglanmakta, postoperatif agrida
anlamli bir azalma goriilmekte, ameliyat sonrasi donemde komplikasyon goriilme sikligi
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azalmakta ve bunun beraberinde hasta memnuniyeti ve konforu artmakta, saglik bakim
maliyetleri, saglik personeli is yiikii hafiflemektedir. Multidisipliner bir yaklasim gerektiren
ERAS protokolii cerrahi saglik ekibi icerisinde profesyonel bir iletisimin ve ekip uyumunun
olmasimi gerektirmektedir. ERAS protokolii uygulanabilirligi i¢in ekip icerisinde bireylerin
iizerine diisen rol ve sorumluluklar1 bilmesi ve yerine getirmesi gerekmekle beraber kurum igi
protokol ve egitimlerle klinikte yer almasi saglanmalidir. Uzun ve mesakkatli bir siire¢ olan
yeni bilgiyi 6grenme ve uygulama adiminda kalicilik saglamasi i¢in temel adim olan 6grenci
egitimlerinde konu ile ilgili bilgilendirmeler saglanmalidir.
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OZET:

Kisisel koruyucu ekipmanlar, ¢alisanlari ¢esitli tehlikelerden korumak, olusabilecek olan risk
diizeyini en aza indirmek amaciyla kullanilmaktadir. Saglik hizmetlerinde hastalarin ve saglik
caligsanlarinin giivenligi i¢in bakim esnasinda kisisel koruyucu ekipman kullanimi oldukca
onemlidir. Ozellikle acil servislerin, hizli karar verme ve miidahale gerektiren yogun is temposu
ve yiiksek riskli ortamlar1 nedeniyle, kisisel koruyucu ekipman kullanimi konusunda diger
saglik birimlerinden ayristig1 diistiniilmektedir. Acil servislerde, beklenmedik ve hizla gelisen
dahili ve cerrahi acil durumlara miidahale edilirken, bu ekipmanlarin kullanimi1 saglik
caligsanlarinin korunmasinda hayati bir rol oynamaktadir. Bu birimlerde karsilasilan risklerin
minimize edilmesi, ¢alisanlarin giivenli bir ortamda hizmet sunabilmesi icin etkili ve dogru
ekipman kullanimi gereklidir. Bu nedenle, bu ¢alisma, hem acil servislerin risk profiline hem
de bu ortamlarda kisisel koruyucu ekipman kullanimina iligskin bireysel ve ¢evresel faktorlere
odaklanarak alanda onemli bir bilgi a¢igin1 doldurmayi hedeflemektedir. Bu derleme acil
servislerin risk durumunun, kisisel koruyucu ekipmanlarin 6neminin, kisisel koruyucu ekipman
tirleri ve kullanim alanlarinin, is kazalarmin, maruz kalinan risk etmenlerinin literatiir
incelemesiyle degerlendirmek amaciyla yapilmistir.

Anahtar kelimeler: Kisisel Koruyucu Ekipman, Acil Servisler, Hemsirelik

ABSTRACT:

Personal protective equipment is used to protect employees from various hazards and to
minimize the level of risk that may occur. In healthcare services, the use of personal protective
equipment during care is very important for the safety of patients and healthcare workers.
Especially emergency departments are thought to differ from other health units in terms of the
use of personal protective equipment due to their intensive work tempo and high-risk
environments that require rapid decision-making and intervention. While intervening in
unexpected and rapidly developing internal and surgical emergencies in emergency
departments, the use of this equipment plays a vital role in the protection of healthcare workers.
Effective and correct use of equipment is necessary to minimize the risks encountered in these
units and to provide service in a safe environment. Therefore, this study aims to fill an important
knowledge gap in the field by focusing on both the risk profile of emergency departments and
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the individual and environmental factors related to the use of personal protective equipment in
these settings. This review aims to evaluate the risk status of emergency departments, the
importance of personal protective equipment, types and usage areas of personal protective
equipment, occupational accidents, and the risk factors exposed through a literature review.

Key words: Personal Protective Equipment, Emergency Services, Nursing

GIRIS:

Acil servisler ani gelisen durumlarda, hizli miidahale gerektiren, cogu zaman ilk bagvurulan,
bir¢ok tehlike ve riskin oldugu saglik hizmeti sunum ortamidir. Bazi toplum kesimleri iginde
ulagilabilir saglik hizmeti olmasi nedeniyle ¢ogu hastayla saglik personellerinin ilk temas
noktasi acil servisler olmaktadir. Aslan’in (2023) acil servis kullanimini degerlendirdigi
caligsmasinda, acil servis kullaniminin bolgedeki niifusa, sunulan saglik hizmetlerine gore
farklilik gosterdigini belirtmektedir (1). Acil servislerin temel amaci sunulan hizmetin hastalara
giivenli, yeterli ve zamaninda etkin sekilde ulasmasini kapsamaktadir (2). Acil servislerin saglik
sistemindeki 6nemli rolii, bu birimlerde gérev yapan saglik personelinin uzmanlik alanlarini ve
becerilerini de onemli hale getirmektedir. Bu kapsamda, acil servis hemsireligi acil saglik
hizmetlerinin etkinliginde anahtar bir rol oynamaktadir.

Acil servis hemsireligi 1960’11 yillarda hastanelerin de 6nem kazanmastyla birlikte daha fazla
dikkat ¢gekmeye baslamistir (3). Acil servis hemsireliginin temel amaci acil durumlarda en hizl
stirede, etkin bi¢cimde bakim hizmetinin sunulmasi, hasta saglhiginin korunmasi ve
gelistirilmesidir (2). Ancak bu hizmetleri sunarken acil servislerde calisan hemsireler kendi
sagliklarmi tehdit eden ¢esitli risklerle karsilasmaktadirlar (2). Acil servis hemsireleri, kan
yolu, solunum-damlacik yolu ve temas yolu ile bulasan patojenlere maruz kalarak saglik
risklerine agik hale gelmektedirler (2,4). Acil servislerde hemen hemen rutin girisimler arasinda
olan intravenéz (IV) kateter uygulamasi, kan alma, intramiiskiiler enjeksiyon yapma,
nazogastrik tiip yerlestirilmesi, entiibasyon, kanama kontrolii ve iiriner kateter yerlestirilmesi
gibi pek ¢ok girisim kan yolu ve hasta viicut sivilari ile bulagan patojenlerle temas agisindan
hemsireler i¢in riskli girisimler olarak tanimlanmaktadir. Hasta yogunlugunun, ¢esitliliginin ve
sirkiilasyonun fazla olmasi nedeniyle acil serviste c¢alisan hemsireler bu girisimler sirasinda
cesitli risk faktorleri ile karsi karsiya kalabilmektedirler (4). Calisanlar i¢in bu risk faktorlert,
bulasici mikroorganizmalara maruziyet, kesici-delici alet yaralanmalar1 sonucu olusan is
kazalari, hastalar veya hasta yakinlar1 ile yasanilan fiziksel-sozlii siddet, calisma ortami ve
caligma saatlerinden kaynaklanabilen stres durumu, ortamin ¢ok sicak veya ¢ok soguk olusu,
giiriiltii varligi, uzun siireli ¢aligma saatleri, iyi aydinlatilmayan ve iyi havalandiriimayan
caligma ortaminin varlig1 olabilmektedir. Bu riskler c¢alisanlarin olumsuz etkilenmesine ve
verimliligin diismesine sebep olmaktadir (5). Ayn1 zamanda acil servis hemsireleri hastaya ¢ok
yakin olarak ¢alismak zorunda olduklar1 i¢in hava yolu-damlacik yoluyla bulasabilen bulasici
hastaliklar agisindan da yiiksek risk tagirlar. Acil serviste pratik diisiiniip, hizl1 bir sekilde uygun
girisimi yapma yetisine sahip olmasi beklenen hemsireler i¢cin hem sagligi hem giivenligi tehdit
eden olasi tehlike ve risklerin kaginilmaz olmasi nedeniyle bu risk ve tehlikeleri en aza
indirebilmek, hemsirelerin giivenli bir ¢aligma alanina sahip olabilmesi agisindan kisisel
koruyucu ekipmanlarin kullanimi olduk¢a dnemlidir (6).

10| Page



AKDENIZ 13th International Conference On Applied Sciences - January 3 — 5, 2025 - Kyrenia
Proceeding Book - ISBN NR: 978-625-5962-15-7

Kisisel Koruyucu Ekipman

Insan Bagisiklik Eksikligi Viriisiiniin (HIV) 1980°li yillarda yayilimmin artmasi ile birlikte
yaygin sekilde kullanilmaya baslanan kisisel koruyucu ekipmanlar giiniimiizde de kiiresel
salginlarin artmasiyla, drnegin gegtigimiz yillarda yasanilmis olan COVID-19 salgint gibi
salginlar ile daha ¢ok kullanilir hale gelmistir (7). Uluslararas: bazi saglik kuruluglar1 salgin
hastaliklarin yonetiminde, ¢alisan giivenliginde 6nemli bir konu olan kisisel koruyucu ekipman
kavramina iligskin ¢esitli tanimlamalar yapmustir:

e Diinya Saghk Orgiitii’ne gore Kisisel Koruyucu Ekipman, “biyolojik (viriis, bakteri
gibi), kimyasal, radyolojik, elektriksel ve mekanik tehlikelere maruz kalmay1 6nlemek
ya da en aza indirmek i¢in kullanilan ekipmanlardir” (8).

e s Giivenligi ve Saghg Idaresine (Occupational Safety and Health Administration-
OSHA) gore Kisisel Koruyucu Ekipman, “bir ¢alisanin potansiyel tehlikelerden
korunmak icin giydigi 6zel giysiler ya da ekipmanlardir” (7).

e Hastahk Kontrol ve Onleme Merkezine (Centers for Disease Control and
Prevention-CDC) gore ise Kisisel Koruyucu Ekipman, “saglik personelinin bulasici
ajanlara maruz kalmaktan veya bulasici ajanlarla temastan korunmak icin tasarlanmis
ozel giysilerdir”. Kisisel koruyucu ekipmanlarin dogru kullanimlar1 patojen yayilimin
onlenmesinde son derece dnemlidir (9).

Kisisel Koruyucu Ekipmanlar, is yerlerinde yasanilan veya yasanabilecek kazalarda, bulasici
ajanlara maruziyette ve hastaliklarina neden olan tehlikelere maruziyeti en aza indirmekte
kullanilan ekipmanlar olarak tanimlanmaktadir. Bu maruziyetler kimyasal, radyolojik, fiziksel,
elektriksel, mekanik veya diger isyeri tehlikeleriyle temaslardan kaynaklanabilir. Kisisel
koruyucu ekipmanlar ile is kazalarinda yaralanma riskinin azalmasi, bulasici ajanlarla temasin
onlenmesi, calisanlarin daha gilivenli bir ¢alisma alanina sahip olmasi amaglanmaktadir (10).

Acil Servislerde Kisisel Koruyucu Ekipman Kullanimi ve Kullanilan Ekipman Tiirleri

Acil servisler kigisel koruyucu ekipman kullaniminda bahsedilen tehlikelerin fazla oldugu
alanlardir ve buna bagli olarak ¢alisan hemsirelerde bu tehlikeler ile kars1 karsiya kalmaktadir.
Kisisel koruyucu ekipman kullanimi acil servis hemsireleri igin énemli ve dikkat edilmesi
gereken bir durumdur. Acil serviste calisan hemsirelerin kullanabilecegi kisisel koruyucu
ekipmanlar arasinda eldivenler, koruyucu gozliikler, yiiz siperlikler, solunum maskeleri ve
onliikler yer alabilir. Tiim bu kisisel koruyucu ekipmanlar giivenli kullanima uygun bir sekilde
tasarlanmali, temiz ve giivenilir bir sekilde, saklama kosullarina uygun olarak muhafaza
edilmelidir. Ekipmanlar kullanim kolayliklari, ulagilabilirligi ve etkin koruma saglamas1 gibi
ozellikleri ile acil servis hemsirelerinin kullanimini tesvik edecek sekilde olmalidir (7).

Hemsireler tarafindan farkli tipte kisisel koruyucu ekipmanlar kullanilmaktadir. Kisisel
koruyucu ekipmani secerken acil servis hemsireleri, bakim verecekleri hastalarla etkilesim
tiirlinli, hastanin mevcut hastaligin1 veya belirtilerini, hastaya yapilacak olan girisimi goz
oniinde bulundurmalidir ve en uygun ekipmani kullanmalidir. Kisisel koruyucu ekipmanin
uygunlugunda ekipmanin dayanikli, konforlu, uzun siireli kullanima uygun olmasi da
karsilagilacak olan risk ve tehlikeden korunma konusunda 6nem tagimaktadir (9).

Eldiven
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Eldivenler yaygin olarak kullanilan kisisel koruyucu ekipman tiiriidiir. T1bbi eldivenlerin vinil,
nitril, steril ve steril olmayan ¢esitleri mevcuttur ve eldivenler gereksinime gore uygun olarak
secilmelidir (10). Acil servislerde eldivenler;

e Bulagici hastaligin varliginda veya risk olusturdugu zamanlarda,

e Kontamine yiizeylere ve malzeme/aletlere temas edilmeden once,

e Invaziv uygulamalarin éncesinde,

e ilag hazirhiginda ilag etken maddeleri ile temasin 6nlenmesinde,

e Hastalarin viicut sivilarina maruz kalinabilecek durumlarda, kullanildiktan sonra bagka
bir hastaya gegmeden 6nce mutlaka ¢ikartilmali ve el hijyeni saglanmalidir bu sekilde
capraz bulasmalar da 6nlenebilmektedir (11,12).

Maske

Burnu ve agz1 tamamen kaplamali, patojen mikroorganizmalardan korumalidir. Maskeler burun
ve agiz lizerinde kolay uyum saglayabilecek kullanim uygunlugunda olmalidir. Bu nedenle,
maskelerin esnek bir burun kismi vardir ve lastikli veya iple baglanabilir sekilde kafaya
yerlestirilebilmektedirler (10). Acil servislerde;

e Solunum yolu ile bulagici mikroorganizmalar (Covid-19, tiiberkiiloz gibi)ile enfekte
olan hastalara bakim verilirken,

e Cesitli ilaglarin hazirlanmasi sirasinda olusabilecek sigrama, bulasma durumunda,

e Coklu solunum yolu viral enfeksiyonlarinin bulagmasini 6nlemede,

e Yapilacak olan intravenéz veya hasta viicut sivilarn ile temasa yol agabilecek
durumlarda yiize sicrama, bulagma olabileceginden, yiiksek riskli alanlar olan acil
servislerde ¢alisan hemsireleri korumada maske etkin bir ekipman tiirtidiir (8,9,10).

Gozliik ve Yiz Siperlikleri

Patojen mikroorganizmalar viicuda gozler araciligiyla da girebilmektedir bu nedenle kan veya
diger viicut sivilarina maruziyetin sik oldugu acil servislerde gézlerin korunmasi 6nemlidir.

e Hastalarin viicut sivilarina maruz kalinacaginda veya kalinabilecek durumlarda
(6rnegin acil serviste sik uygulanan aspirasyon islemi sirasinda),

e Hastalara yapilacak olan lavaj girisimleri 6ncesinde (6rnegin géziinde adenoviriis olan
bir hastaya yapilan goz lavaji sirasinda ayni viriisiin ¢alisgan hemgirenin goziine
bulasmamas1 amaciyla) ve gozler icin cesitli risk olusturabilecek ila¢ hazirlama
sirasinda bulas1 Onlemede bugulanmayan, gormeyi etkilemeyen Ozellikleri olan
koruyucu gozliikler acil servislerde patojenlerden korunmaya yardimci olmaktadir
(10,11,12).

Yiiz siperligi alin1 kaplamali, cenenin altina kadar uzanmali ve yliiziin etrafin1 sarararak acil
serviste hastalarda;

e Yapilacak olan invaziv ve hastanin tiikiiriigli gibi viicut sivilar ile temasta
bulunulabilecek yakin mesafeli girisimlerde, ¢alisanin yiizline, agiz-burun gibi viicut
bosluklarina yonelik bulasma saglayabilecek durumlarda siperliklerin kullanim1 gerekli
ve onemlidir (10,12).
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Onliik
Acil serviste uygulanacak olan girisimler sirasinda cildi ve giysileri,

e Kan, idrar gibi hasta viicut sivilarina maruziyetten,

e Hastaya, kiyafetlerine temas edilebilecek girisimler sirasinda (uyuz 6ykiisii olan hastaya
mesane kateteri uygulanmasi gibi),

e (alisanin viicuduna veya kiyafetlerine bulasma riski olusturabilecek girisimlerde,
onliikler viicudu tiimiiyle kaplayarak, uygun boyutta ve bilekleri sikmadan kavrayarak
koruma saglamada 6nemlidir (10,12).

Acil Servislerin Risk Durumu ve Maruz Kalinan Riskler

Acil servislerde hasta sayisi, sirkiilasyonun fazlaligi, bu serviste ¢alisan hemsirelerin is yiikii,
stres ve yorgunluklarinin fazla olmasi hemsirelerin; giivensiz hareket ve davranislarda
bulunmasi, ihmalkarlik, sabirsizlik, acelecilik, yetersiz bilgi ve tecriibe, kisisel koruyucu
malzemelerin kullanilmamasi ve egitim eksikligi gibi davranislarinin artmasini saglayarak is
kazalarma ve kigisel koruyucu ekipman kullanilmamasina neden olmaktadir (12).

Saglik calisanlar1 arasinda insanlarla iletisimi ve etkilesimi en fazla olan meslek kolu
hemsireliktir. Hasta ile ailesi arasindaki iletisimi kesintisiz yirmi dort saat saglayan ve hasta
yakinlarinin ilk bagvurulan kisilerin hemsireler olmasi, hastalar ile iletisimde hemsirelerin
Oonemini artirir. Hemsireler, gorevleri geregi her cesit hasta ve yakinlartyla iletisim halinde
olmasi1 onlarin ¢esitli tehlike ve risklere maruz kalma ihtimalini yiikseltir (13). Hemsirelerin
saglhigini etkileyen tehlike ve riskler; biyolojik, fiziksel, ergonomik, kimyasal ve psikososyal
olmak iizere gruplandirilmaktadir. Amerikan Ulusal Mesleki Saglik ve Giivenlik Enstitiisii
(National Institute for Occupational Safety and Health - NIOSH)’ ne gore, hastanelerde 29 ¢esit
fiziksel, 25 ¢esit kimyasal, 24 ¢esit biyolojik, 6 ¢esit ergonomik ve 10 gesit psiko-sosyal tehlike
ve risk vardir. Hastalarin kaniyla veya viicut sivilariyla temas sonucunda Hepatit B ve C
viriisleri, HIV, HPV gibi bulasici patojenlerle temas sonrasinda olusan risk biyolojik risk olarak
tanimlanmaktadir.  Ultraviyole 1siklar, bilgisayar ekranlari, giiriiltii, aydinlatmalar,
havalandirmalar gibi etkenler ¢alisanlar icin fiziksel riskleri olusturmaktadir. Calisanlarin 24
saatlik nobetler ile calismasi-gece ¢aligmalari, fazla ve diizensiz ¢alisma saatleri, artan is yiikdi,
mobbing ve artan is yiikli gibi durumlar ise ¢alisanlar i¢in psikososyal riskleri olusturmaktadir
(14). Hemsirelerin ¢alisma ortaminda karsilastiklar1 tiim bu riskler, kisisel koruyucu ekipman
kullanimini zorunlu hale getirmektedir. Ote yandan baz1 faktorler kisisel koruyucu ekipman
kullanimin1 olumsuz olarak etkilemektedir.

Yoltay ve ark (2023) calismalarinda, kisisel koruyucu ekipman kullanilmamasinin nedenleri
arasinda bireysel ve cevresel faktorler olduguna deginmektedirler. Calismada bahsedilen
faktorler yorgunluk, aceleci davranma, sabirsiz olmak, alerjik reaksiyonlar, gelisebilen bazi
deri-cilt problemleri ve solunum problemlerini iceren bireysel faktorler; klinik caligma
kosullari, herhangi bir salgin durumunun varligi ¢evresel faktorleri; kisisel koruyucu ekipmanin
bedeni, boyutu, kalitesi gibi 6zellikleri, kontamine olunan durumlarda sik sik degistirilmesinin
gerekliligi ise diger etkileyen faktorlerdir (9).

Giir ve ark (2021) ise ¢alismalarinda, kisisel koruyucu ekipman kullanimlarinin acil servisteki
giinliik caligma siiresine bagl olarak degistigini, calisma siiresi arttik¢a kisisel koruyucu
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ekipman kullanim diizeyinin azaldigin1 ve sekiz saatlik ¢alisma stiresinde kisisel koruyucu
ekipman kullaniminin yiiksek oldugunu, diger etkenler olan cinsiyet, yas, mezuniyet, medeni
durum gibi etkenlere bagli olmadigini belirtmektedir. (15).

Kesici-delici alet yaralanmalar1 hastanelerde meydana gelen is kazalari arasinda ilk sirada yer
almaktadir. Kesici-delici alet yaralanmasi esnasinda gerceklesen kanla ve kontamine viicut
stvilartyla temas, 60 farkli patojenin bulagma riskini ortaya ¢ikaran tehlike olarak, saglik
personelinin hepatit B virlisii, hepatit C viriisii ve edinilmis immiin yetmezlik sendromundan
sorumlu viris (HIV) ile kontamine olarak bulasici hastaliklara yakalanmasi ile
sonuglanabilmektedir (16). Ceylan ve ark (2022) ikinci basamak bir hastanede 2012-2019
yillart arasinda gorev yapan saglik calisanlarinin kesici ve delici alet yaralanmalarina maruz
kalma durumlart degerlendirmistir. Calismada kesici ve delici alet yaralanmalarmin yiiksek
oranlarda meydana geldigi goriilmiis, mesleki gruplardan hemsirelerin yaralanmaya daha sik
maruz kaldigi, yaralanmanin daha ¢ok acil serviste goriildiigii, en ¢ok igne ucu maruziyeti
iligkili yaralanmanin gerceklestigi, acil serviste calisan hemsirelerin kisisel koruyucu ekipman
kullaniminin yetersiz oldugu gorilmistiir (17).

Kisisel Koruyucu Ekipmanlarin Saghk Cahsanlar: Uzerindeki Etkileri

Calisanlarin hareket kabiliyetini, el becerilerini biiyiik 6l¢iide kisitlayabilen kisisel koruyucu
ekipmanlar, ¢alisan sagligi iizerinde fizyolojik ve psikolojik stres faktorii gibi olumsuz etkilere
neden olarak yapilan isin siiresinin tedavi ve bakim uygulama siiresinin uzamasina neden
olmaktadir. Ozellikle acil servislerde hayat kurtaric1 miidahaleler sirasinda kisisel koruyucu
ekipman kullanim1 daha zorlayici olabilmektedir (18). Oregin; acil servislerde resiisitasyon
odasinda Kardiyak Arrest ile servise gelen hastaya yapilan miidahale sirasinda kisisel koruyucu
ekipman kullanimi ¢aligani kisitlayabilir, tedavi siirecini olumsuz etkileyebilir. Bir bagka
deyisle acil servisler zamanla yarigilan, hizli miidahalenin 6nemli oldugu alanlardir ve kisisel
koruyucu ekipmanlar bu alanda ¢alisan hemsireler i¢in bazen bu siireyi uzatabilmekte, yapilan
islemin etkinligini azaltabilmektedir.

Kisisel koruyucu ekipmanin saglik hizmetlerinde sik araliklarla ve uzun stireli kullanimina
bagl calisanlarda bazi cilt problemlerine yol agabilmektedir. Acil servislerde uzun siiren
tedavilerde veya hasta yogunlugu nedeniyle sik araliklarla kullanimina bagh ekipmanlarin cilde
fazla siirtiinmesi sonucu hassasiyet ve tahris olusumu, alerjik reaksiyon gelismesi bu alanda
calisan hemsirelerin yasadig1 problemlere 6rnek olarak verilebilir. Bu konuda iilkemizde 2020
yilinda yapilan bir caligmada saglik ¢alisanlarinda kisisel koruyucu ekipman kullanimina bagl
ortaya ¢ikabilecek cilt problemleri incelenmistir (18,19). Arastirma bulgularma gore
caligsanlarin %69,7’si akne, %39,4°1 ise yiizde kasint1 yasadiklarini belirtmislerdir. Yapilan bu
caligmadan elde edilen bir baska bulgu ise ¢alisanlarin %69°nun kisisel koruyucu ekipman
kullanimina bagli bas agris1 yasadiklarini belirtmesidir (19,20).

Yapilan bir bagka calismada ise kisisel koruyucu ekipman kullanan saglik c¢alisanlarinda
psikolojik bozukluklarin daha az gériildiigii vurgulanmistir (21). Cin’de yapilan bir arastirmaya
gore ise maske kullanimi fazla olan saglik calisanlarinin maske kullanmayanlara kiyasla
depresyon ve anksiyete seviyelerinin daha diisiik oldugu belirtilmistir. Calismadan elde edilen
bulgularda kisisel koruyucu ekipmanlarin ¢alisanlarin tizerinde sagladig: giivenlik duygusunun,
psikolojik bozukluklar1 azaltmada 6nemli etkisinin oldugu vurgulanmistir (22). Acil servislerde
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calisan hemsireler kisisel koruyucu ekipman kullaniminda uzun ¢alisma saatlerinin etkisi ile
caligmada belirtilen akne, kasinti, bas agris1 gibi olumsuz durumlarla kars1 karsiya kalirken;
yapilan diger calismalara gore ise kisisel koruyucu ekipman kullaniminin kendini ve
cevresindekileri korumanin vermis oldugu giiven ile acil servis calisanlarinda depresyon ve
anksiyete gibi psikolojik bozukluklar iizerinde olumlu etkisi olabilecegi gézlenmistir.

COVID-19 Gibi Pandemi Siireclerinde Kisisel Koruyucu Ekipman Kullanimi

2019 yilinda baglayan ve hala etkisi azalmis olsa bile devam eden COVID-19 pandemisi kiiresel
bir yayilim gostermistir (23). Saglik ¢alisanlar1 bu gibi pandemi siireglerinde ¢ogu zaman en
onde ve kendi sagligini riske atarak miicadeleye destek olmaktadirlar (23,24). Saglik ¢calisanlar
arasinda en genis kitleye ve hastalarla daha yakin temasa sahip olan hemsireler i¢in, 6zellikle
de acil servisler gibi ¢ok tehlikeli alanlar i¢in kisisel koruyucu ekipmanlarin dogru ve amacina
uygun kullanim1 olasi/kesin COVID-19 vakalarinda veya pandemi etkisi gosterebilecek,
bulasici hastaliklarda yayilimi azaltan 6nemli faktorlerden biridir (11,25). COVID-19
vakalarinin ydnetiminde alinmasi gereken Onlemler konusunda uluslararasi kurum ve
kuruluslarin yaklasimlarinda birtakim farkliliklar olmustur (25). Ornegin diinya saglik orgiitii,
Onlemler konusundaki rehberlerinde standart onlemlere, COVID-19 doneminde temas ve
damlacik yolu ile ilgili 6nlemlerinde kullanilmasi gerektigini 6nermistir (25,26). COVID-19
pandemisinde veya olusabilecek diger pandemilerde; pandemi etkisi gosteren hastaligin iyi
bilinmedigi zamanlarda hastalarin ilk bagvurdugu yer olan acil servisler ve burada ¢aliganlar bu
donemlerde yaylimin kontrolii i¢cin 6nemli etkenlerdir. Bu nedenle acil servislerde olas1 veya
kesin pandemi durumlarinda kisisel koruyucu ekipman kullanimi biiylik 6nem tagimaktadir.

Pandemiye yol acan COVID-19 ile ilgili yapilan bir ¢caligmada, saglik ¢aliganlarinin enfekte
olmasindaki risk faktorlerinin degerlendirilmesinde Wuhan’da bir hastanede COVID-19 tanisi
alan 28 saglik calisan1 ile 34 enfekte olmamis calisanin izlenmesi ile bulasa etki eden
faktorlerden biri olan kisisel koruyucu ekipman kullaniminin riski 2,8 kat artirdig1 goriilmiistiir.
2020 yilinda bu kez Italya’da yapilan ¢alismada ise bir hastanede ¢alisan, COVID-19 tanisina
rastlanan ii¢ hemsire incelenmistir. Bulgulara gore bu hemsirelerde ve hastane ¢alisanlarinda
maske kullanimi1 oran1 yiiksektir. Daha sonrasinda elde edilen sonucglarda sadece bir hemsirede
pozitif olguya rastlanmistir (27). Her iki ¢alismada da kisisel koruyucu ekipman kullanim ile
kurum i¢inde veya hasta bireylerin ¢evrelerine pandemi siireglerinde olusabilecek bulag
riskinde kisisel koruyucu ekipman kullaniminin riski 6nemli 6lcilide azalttig1 goriilmiistiir.

Oneri ve Onlemler

Kisisel koruyucu ekipmanin yanlis, eksik veya yersiz kullaniminin sonucu islevsiz ve konforsuz
olmasinin engellenmesi, calisganin ekipmani dogru kullanmay1 bilmesi, kisisel koruyucu
ekipmanin onarilmasi, temizlenmesi ve bunlarin belirli periyotlarla kontroliiniin saglanmasi
gibi kisisel koruyucu ekipman kullanimina yonelik gerekli egitimler isveren ve yoneticilerin
sorumlulugundadir. Acil servis hemsirelerinin kisisel koruyucu ekipman konusunda
duyarliliklarinin ve kullanim konusunda gosterdikleri dikkat ve 6zen ile ilgili;

e Kisisel koruyucu ekipman kullaniminda acil serviste calisanlara yonelik iyilestirme
programlarinin hazirlanmast,
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e Kullanilacak ekipmanin kisa siirede hasta tedavi ve bakiminin saglanmasina yonelik
olan acil serviste ¢alisanlarin fizik yapisina uygun, yeterli miktarda ve kolay ulasilabilir
bulundurulmasi,

e Diizenli koruyucu ekipman kullanmayan acil servis c¢alisanlar1 i¢in bireyin kendi
sagligimin 6nemi ve sagligin nasil yonetilecegi ile ilgili egitimlerin diizenlenmesi,

e Acil servis calisanlarinin belirli araliklarla ekipman kullanimina olan uyumunun
degerlendirilmesi, gibi Onlemler alinarak kisisel koruyucu ekipman kullanim
duyarhiliginin arttirilmasi ve uyumun saglanmasi desteklenebilmektedir (28,29).

Kurum yoneticilerinin, is saghigi ve glivenligi konusunda acil serviste c¢aligsanlar i¢in gerekli
koruyucu ve Onleyici tedbirleri almasi, calisanlara bu konuda destek olmasi; is kazalarinin,
cesitli bulasic1 hastaliklarin en aza indirilmesi, ortaya c¢ikan maliyetlerin de azaltilmasi
acisindan biiyiik 6nem tasimaktadir (29).

Karakus S. ve Yilmaz F. tarafindan bir hastanede gorev yapan 344 saglik calisaninin kisisel
koruyucu ekipman kullaniminda standart 6nlemlere uyumunun degerlendirilmesi amactyla
yaptiklar1 ¢alismada, uyumun standart 6nlemlere uyum dlgegine gore orta diizeyde oldugunu
gostermektedirler. Standart uyum durumu saglik ¢alisanlarinin egitim diizeyi, cinsiyet, medeni
durum agisindan fark gostermemektedir. Ancak haftalik calisma saati standart 6nlemlere uyum
acisindan 48 saat {lizeri ¢alisanlar i¢in anlamli bir fark olarak bulunmustur. Saglik calisanlari
icin ¢alisma alanlarinda kisisel koruyucu ekipmanin hazir bulundurulmasinin, ¢alisanin bu
konuda egitilmesinin, ekipmanin kullanima uygunlugunun denetlenmesinin son derece 6énemli
oldugu bu ¢alisma sonuglar1 arasinda yer almaktadir (28). Hizli ve dogru tedavinin esas oldugu
acil servislerde kisisel koruyucu ekipmanin hazir bulundurulmasi, tiim acil servis galisanlari
tarafindan bulundugu yerler, kullanim sekilleri bilinmeli ve ¢alisanlar bu konuda egitilmelidir.

SONUC:

Saglik calisanlar1 kendilerini, ¢evresindeki insanlar1 ve saglik hizmeti sunduklar1 hastalar1 risk
ve tehlikelerden, olusabilecek ikincil bulasmalardan korumalidirlar ve bu kapsamda kisisel
koruyucu ekipman kullanimina 6nem vermeli, koruyucu ekipman kullanimmin bilincinde
olmalidirlar. Gliniimiizde riskli birimlerden biri olan acil servislerde kisisel koruyucu ekipman
kullaniminin gereksinimi hemsireler tarafindan algilanirsa, nasil-ne zaman kullanilacag:
bilinirse kisisel koruyucu ekipmanlar o oranda koruyucu olurlar. Acil servis hemsirelerine
uygun bir sekilde kisisel koruyucu ekipman kullanimlarinin devamliligini saglamak i¢in aralikli
olarak egitimlerin verilmesi ve bu egitimlerin etkili olup olmadiginin degerlendirilmesi ¢ok
onemlidir. Bu kapsamda bu alanda ¢alisanlar i¢in kisisel koruyucu kullanimi konusunda diizenli
bilgilendirmeler ve degerlendirmeler yapilmalidir. Bu ¢alisma acil serviste hemsirelerin kisisel
koruyucu ekipmanlari kullaniminin 6nemini belirtmek, kullanim aligkanligini desteklemek, var
olan aligkanlig1 degerlendirmek ve artirmaya yoneliktir. Hemsirelerin sagligi ayn1 zamanda
toplum sagligini da etkileyen bir faktor oldugu i¢in yasa ve prosediirler ile ¢ercevesi belirlenen,
kamu ve 0zel saglik sektoriinii iceren, kullanim1 kolay, ulasilabilir, genis ve kapsamli kisisel
koruyucu ekipman uygulamalarinin hayata gegirilmesi 6nerilmektedir.
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ABSTRACT

Additive manufacturing represents a transformative methodology in material fabrication,
enabling the production of complex geometries and customized structures through precise
layer-by-layer deposition techniques. Among these, stereolithography (SLA) leverages
photopolymerization to solidify liquid resins into high-resolution structures with exceptional
accuracy. This study focuses on the fabrication of polymer matrix composites (PMCs)
reinforced with volcanic slag (VS) using the SLA technique. Volcanic slag, an abundant yet
underutilized byproduct of volcanic activity, was incorporated into an epoxy matrix at varying
weight percentages (0%, 0.50%, 0.75%, and 1.0%) to evaluate its impact on composite
performance. The investigation primarily aimed to assess how VS additives influence the
mechanical properties of epoxy/acrylate-based composites, emphasizing hardness and bending
strength. This approach has highlighted the potential of recycling volcanic slag into high-value
materials while contributing to sustainable development goals by minimizing waste and
promoting eco-friendly material solutions. By leveraging the capabilities of SLA to produce
environmentally conscious composites, this research paves the way for innovative
advancements in sustainable engineering and cutting-edge design.

Keywords: Volcanic slag, Polymer matrix composites, Additive manufacturing,
Stereolithography, Mechanical performance
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1. INTRODUCTION

Use of polymer matrix composites (PMCs) is a very important part of our lives. PMCs are
widely used in many application areas such as automotive, aerospace, and construction
materials. The incorporation of volcanic slag as reinforcement in these composites can expand
their application areas and enhance their mechanical and thermal properties. Volcanic slag, a
lightweight and porous material formed during volcanic eruptions, has gained significant
attention due to its unique properties, including high porosity, low density, and vesicular glassy
structure. These characteristics make volcanic slag ideal for construction applications,
particularly in lightweight concrete and polymer matrix composites (Guzel & Deveci, 2017).
Incorporating volcanic slag into construction materials improves their thermal insulation and
mechanical properties while contributing to sustainability by reducing reliance on raw materials
(Demirdag et al., 2008; Topgu, 1997). These enhanced properties highlight versatility of the
volcanic slag, particularly as a lightweight aggregate for structural applications.

As a natural lightweight aggregate, volcanic slag offers enhanced mechanical properties when
integrated into composites. Its irregular structure enhances bonding with epoxy resins, leading
to the production of durable and lightweight materials ideal for structural applications in
construction and industrial sectors (GUNDUZ & Kalkan, 2023). The idea of adding volcanic
slag to epoxy to create a composite is inspired by its use in concrete. This approach is
particularly critical for applications in multi-storey buildings and seismic zones, where reducing
dead load and increasing strength significantly enhance structural safety and performance
(KOSEDAG, 2023). The potential of these composites extends further, with applications in
advanced manufacturing techniques, such as 3D printing.

Additive manufacturing (AM), also known as 3D printing, offers exceptional design flexibility
and efficiency, enabling the creation of intricate, customized structures with minimal waste.
This innovative technology has transformed industries by facilitating the production of
advanced materials and complex geometries. The integration of volcanic slag in AM
techniques, such as stereolithography (SLA), broadens its application potential(Schmidleithner
& Kalaskar, 2018). SLA, a high-precision AM method, enables layer-by-layer fabrication of
intricate designs by using photocurable resin composites (Huang et al., 2020). This technique
is particularly advantageous for fabricating volcanic slag-reinforced epoxy composites,
allowing the production of complex geometries with consistent material properties. Epoxy
resins, known for their superior mechanical, thermal, and adhesive properties, form a robust
matrix with volcanic slag, enhancing the composite’s performance in demanding applications
(Peerzada et al., 2020). Its application in manufacturing aligns with broader sustainability goals,
emphasizing its value in reducing waste and conserving resources.

The sustainability benefits of utilizing volcanic slag are significant. Recycling volcanic slag not
only mitigates industrial waste but also reduces the carbon footprint of material utilization,
particularly the construction materials (Topgu, 1997). Research highlights its potential to
replace conventional aggregates, providing a cost-effective and eco-friendly alternative for
composite production(BICER, 2020). This dual focus on innovation and sustainability sets the
stage for exploring its integration into epoxy-based composites through advanced techniques
like SLA.
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This paper examines the integration of volcanic slag into epoxy-based composite materials,
focusing on its application in advanced additive manufacturing techniques such as SLA. By
examining its properties, processing methods, and contributions to sustainability, this study
underscores the value of volcanic slag as a recyclable material in construction and material
science.

2. MATERIALS AND METHODS

In this experimental study, volcanic slag powder was added to epoxy resin to create a polymer
matrix composite. In this study, volcanic slag acts as the reinforcement material, while epoxy
resin serves as the matrix material. Firstly, volcanic slag powder was sieved under 75 um for
the purpose of achieving a homogeneous distribution in the epoxy resin. The volcanic slag
powder was integrated into the epoxy resin in four different weight percentages, namely 0, 0.5,
0.75, and 1.0. For each proportions, the weights of the powder and the resin were adjusted by
measuring with the analytical balance (Radwag AS 220/C/2). Then, the two materials were
mixed by using mechanical mixer (IKA EUROSTAR 20) at approximately 400 rpm for 10
minutes.

Figure 2.1. The Mixture of Powder and Resin

The volcanic slag reinforced polymer composites were manufactured through 3D printing using
acommercial LCD-based SLA printer (Creality Halot-One). The optimized printing parameters
were applied continually for all samples. After the printing process, the produced composites
were immersed in methyl alcohol and cleaned in ultrasonic bath for 15 minutes. Afterwards, all
samples went through a post-curing process under UV light for 60 minutes.
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Figure 2.2. Image of the Produced Composites

The produced composite samples were coded as shown in Table 2.1.

Table 2.1. Proportions of the Reinforcement Material

Material Code Name Matrix Additive Material
Proportions (wt. %)
VS0 Epoxy Resin 0
VS50 Epoxy Resin 0.5
VS75 Epoxy Resin 0.75
VS100 Epoxy Resin 1.0

The samples used in bending tests were produced according to ASTM D 790 standards. In
addition, disc-shaped specimens with a diameter of about 20 mm and a height of 5 mm were
also produced. These disc-shaped samples were used for X-ray diffraction (XRD) analysis
using a Bruker D2-phaser and Shore D hardness tests using a Loyka M2D.

3. RESULTS AND DISCUSSION

Figure 3.1 shows the phase analysis of volcanic slag. In figure distinctly displays the peaks of
the anorthite (CaAl2Si.Os) and magnetite (FesOs) phases. An extensive amorphous peak
signifies the glassy structure created by the natural cooling process of the slag. These findings
offer valuable insights into the applicability of volcanic slag in construction materials and
environmental uses.
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Figure 3.1. Volcanic slag XRD analysis

Figure 3.2 illustrates the XRD study of pure epoxy (VS0) and the composite with 1.0% volcanic
slag (VS100). The pure epoxy matrix (VS0) exhibits an amorphous structure at 26 values. In
contrast, the XRD pattern of the composite with 1.0% volcanic slag (VS100) reveals the
emergence of crystalline phases, particularly the anorthite phase and magnetite, distinguished
by prominent peaks at approximately 20 ~25°, ~27°, and ~28°. The integration of volcanic slag
illustrates its significant effect on the epoxy matrix.
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Figure 3.2. XRD analysis of volcanic slag-reinforcement polymer composites
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Figure 3.3 illustrates the Shore D hardness values of samples with different proportions (0%,
0.5%, 0.75%, and 1%) of volcanic slag incorporated into epoxy acrylate resin. The control
sample (VSO, 0% slag) demonstrated a Shore D hardness of 65. A significant decrease was
observed in the VS50 specimen, which comprised 0.5% volcanic slag, leading to a hardness fall
to 60. This decline is due to the failure to attain uniform dispersion within the matrix at low
slag ratios, along with the tendency of the slag to aggregate. The current research demonstrates
a clear association between the mechanical characteristics of composites and their particle size
and uniform dispersion.

Increasing the slag ratio to 0.75% (VS75) resulted in a hardness of 66, while the addition of 1%
slag (VS100) achieved a maximum hardness of 67. This finding illustrates that the incorporation
of volcanic slag enhances hardness and strengthens the matrix structure by acting as a filler at
increased proportions. The study emphasizes the critical significance of the optimal ratio and
distribution of volcanic slag in enhancing the hardness characteristics of epoxy-based
composites. In the composite research conducted by Priyank Lohiya et all. in 2022, a
corresponding rise in hardness values was seen with the increase in additive quantities(Lohiya
etal., 2022).

Hardness (Shore D)

VS0 VS50 Vs75 VS100
Figure 3.3. An investigation into the hardness behavior of polymer composites produced

Figure 3.4 evaluates the flexural strength of specimens produced via the SLA technique. The
specimens were created by integrating various proportions of volcanic slag (VSO0, VS50, VS75,
VS100) into epoxy acrylate resin. The flexural strength of the VS0 specimen, produced without
volcanic slag, was approximately 50 MPa, while the strength significantly increased to a peak
of 75 MPa in the VS75 specimen. A little reduction is noted in the VS100 specimen, indicating
an ideal volcanic slag concentration for enhancing flexural strength. In the composite study of
Sourav Kumar Mahapatra and Alok Satapathy in 2022, a similar increase in the flexural strength
was observed with the increase in the amount of additives(Mahapatra & Satapathy, 2022).
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Figure 3.4. Flexural strength of produced polymer composites

4. CONCLUSION

This work emphasizes the substantial influence of volcanic slag integration on the mechanical
and structural characteristics of epoxy acrylate composites. The incorporation of volcanic slag
significantly affected hardness, XRD patterns, and flexural strength. Shore D hardness
evaluations indicated that the addition of 1.0% volcanic slag attained the maximum value of 67,
illustrating its efficacy in improving hardness when appropriately incorporated into the
composite matrix. Flexural strength tests demonstrated that a 0.75% slag content enhanced
mechanical performance by augmenting interfacial adhesion inside the matrix. According to
the results from XRD, hardness, and flexural strength assessments, a 1.0% volcanic slag
incorporation is advised as the ideal proportion for improving the mechanical properties of
epoxy acrylate composites.
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ABSTRACT

The transport and distribution of water, gas and oil products from the source to the end user
often involves large diameter buried steel pipes. Due to their high flexibility, these pipelines
often incorporate bends to accommodate routing requirements. Understanding the mechanical
behavior of such critical infrastructure components is vital for enhancing their seismic
performance under cyclic loading conditions. To this end, a detailed three-dimensional finite
element model was developed to study the behavior of large-diameter pipe bends with varying
angles. The developed model also takes both geometrical and material nonlinearities into
consideration to capture ratcheting effects under both pressurized and unpressurized conditions.
Results indicate that bends with larger angles exhibit greater durability, withstanding more
loading cycles before reaching failure. Conversely, as the bend angle decreases, their behavior
begins to resemble that of straight pipes, making them more susceptible to plastic deformations
such as kinking and buckling under bending stresses.

Keywords: Pipe Bend, Seismic Performance, Buried Pipeline, Finite Element Method
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1. INTRODUCTION

Buried pipelines are essential infrastructure that enhance urban life by delivering critical
resources such as water, oil, and gas particularly crucial in post-disaster scenarios. Severe
damage to these systems and connected units can result in service disruptions affecting large
areas [1-4]. Design principles emphasize that pipelines should be positioned along their routes
to be subject to predominantly tensile loads, thereby optimizing their structural performance
and reliability [5]. At this point, pipe bends are often used (Fig. 1) for this purpose due to their
high flexibility and ability to absorb energy [6-7].

Figure 1. Rerouting of pipelines using pipe bends [6-7]

Pipe diameter-to-wall thickness ratio, D/t, and the bend curvature radius-to-pipe diameter ratio,
R/D, are two critical factors influencing the mechanical behavior of pipe bends [8-9]. Most
studies in the literature have focused on steel pipe bends with D/t ratios ranging from 10 to 100
[10-14]. On the other hand, water transmission pipelines in particular are designed with large
pipe diameters up to 2.6 meters due to amount of water to be transmitted. Therefore, this study
investigates the cyclic loading behavior of large diameter steel pipe bends that may be severely
damaged under seismic events.

2. FINITE ELEMENT MODELING

Initially, verification and calibration studies were carried out taking into account geometrical
and material nonlinearities affecting the post-buckling behavior of these steel components [15].
For this purpose, an experimental test equipment [16] was modeled using the finite element
method (Fig. 2) and applied cyclic loading protocol. The pipe material is P355N which
corresponds to API 5L X52 steel grade, and the sample is 203 mm long with a diameter of 219.1
mm and a wall thickness of 8.18 mm.
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Figure 2. Finite element test model

The opening and closing ovalization form of the pipe bend sample was captured, as was the
load-displacement hysteresis (Fig. 3).

é
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Figure 3. a) Opening shape of b) bended pipe followed by c) closing shape under d)
cyclic loading

Following calibration studies, large diameter steel pipe bends was investigated using the well-
known Thames water transmission pipeline [1] with a diameter of 2200 mm (D/t = 122). In
addition, three different bend angles, 30, 60 and 90 degrees (Fig. 4), with a bend curvature
radius-to-pipe diameter ratio of 5, were subjected to cyclic loading until limit states were
reached. Numerical analysis results are explained in the following section.
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Figure 4. Pipe bends with different angles a) 30, b) 60, c) 90

3. NUMERICAL ANALYSIS

The compressive limit state (4% of strain) was achieved after 32 cycles without any buckling
at high repetitive displacements for the 90-degree pipe bend (Fig. 5.a). For the 60-degree and
30-degree pipe bends, the plastic limit was reached after fewer cycles compared to 90-degree
pipe bend. However, no buckling was observed for 60-degree pipe bend either (Fig. 5.b). In
contrast, the 30-degree pipe bend reached its limit state the earliest, exhibiting pipe wall
buckling (Fig. 5.c) even under lower displacement levels.
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Figure 5. Hysteresis curves for a) 90-degree, b) 60-degree and c) 30-degree pipe bends
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4. CONCLUSION

Steel pipe elbows serve as essential components in pipeline infrastructure, enabling the
orientation and alignment of pipelines along their designated routes. In this study, large-
diameter steel pipe bends were investigated due to the unique stresses and deformations they
experience as a result of their flexibility. For this purpose, a 3D nonlinear finite element model
is utilized. It is seen that larger pipe bend angles could endure more cycles before reaching their
limit states. Additionally, steel pipe bends with smaller angles performed similar behavior to
that of straight pipes. Moreover, pipes with smaller elbow angles demonstrated a heightened
vulnerability to plastic deformations compared to those with larger angles.
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ABSTRACT

Code quality is a critical component of the software development process in terms of both cost
and sustainability. Poor code increases error rates, complicating maintenance and development
processes, whereas high-quality code enhances the reliability and long-term performance of
software systems. In this study, a comparative analysis was conducted to predict code quality
using Logistic Regression, Naive Bayes, Decision Tree, AdaBoost, and Neural Network
algorithms. Five different machine learning models were trained and evaluated using software
metric data such as code length, modularity, comment-to-code ratio, code complexity, and
meaningful variable naming. The models were compared based on metrics such as Precision,
Recall, and F-Score, with AdaBoost observed to deliver the best performance (F-Score:
0.9272). Additionally, the Decision Tree algorithm demonstrated high accuracy and
consistency. Logistic Regression, Naive Bayes, and Neural Network algorithms performed less
effectively, suggesting that the dataset and feature engineering processes could be improved for
these models. The study highlights machine learning as a powerful tool for developing
automated systems to predict software quality. Predicting code quality in advance can
significantly accelerate software development processes and reduce error rates. In the future,
the integration of larger datasets, more complex algorithms, and optimization techniques has
the potential to enhance the effectiveness of such systems.

Keywords: Code Quality Prediction, Machine Learning Algorithms, Software Metrics,
Comparative Analysis.
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1. INTRODUCTION

Code quality is a critical research area in software engineering and a factor that directly impacts
the success of the software development process. High-quality code enhances the reliability,
sustainability, and maintainability of software, while poor-quality code results in an increase in
software errors, higher development costs, and more complex maintenance processes [1]. Code
quality consists of various components such as modularity, readability, documentation, and
error rate [2]. However, as the size and complexity of software increase, the manual evaluation
of code quality becomes increasingly challenging, emphasizing the growing need for automated
methods in this process [3].

Machine Learning (ML) is an effective tool in software engineering for addressing problems
such as predicting code quality and forecasting errors [4]. Specifically, models trained on
datasets based on software metrics can optimize software development processes by predicting
the future behavior of code [5]. Metrics such as code length, cyclomatic complexity, variable
naming, and comment ratio are fundamental attributes used to evaluate the quality of a software
system [6]. These metrics play a critical role not only in assessing the current state of the code
but also in predicting future errors and declines in quality [7].

This study examines popular machine learning algorithms, including Logistic Regression [8],
Naive Bayes [9], Decision Tree [10], AdaBoost [11, 12], and Neural Network [13], for
predicting code quality. These algorithms were compared in terms of performance using metrics
such as Precision, Recall, and F-Score. The AdaBoost algorithm stood out with superior
performance (F-Score: 0.9272), while the Decision Tree algorithm also demonstrated high
accuracy and reliability. The other algorithms exhibited lower accuracy and F-Score values,
indicating reduced suitability to the dataset's characteristics [14].

The effectiveness of machine learning methods in evaluating code quality has been emphasized
in various studies in literature. For example, algorithms such as Logistic Regression and Naive
Bayes have been successfully applied to predict software errors [15]. AdaBoost and Decision
Tree algorithms are particularly favored for their strong performance on high-dimensional and
complex datasets [16]. Neural Networks, meanwhile, can be more effective in specific scenarios
due to their sensitivity to dataset size and quality [17].

The selection of metrics used to evaluate code quality plays a critical role in the performance
of predictive models. In particular, Cyclomatic Complexity, a widely used metric for measuring
code complexity, is directly linked to software error rates and maintenance costs [18]. Similarly,
factors such as the ratio of comment lines and adherence to variable naming standards are key
elements that enhance the readability and maintainability of software [19].

In conclusion, the findings of this study highlight that machine learning algorithms are powerful
tools for predicting and evaluating software quality. Integrating such automated methods can
make software development processes more efficient and significantly reduce maintenance
costs. In the future, the use of more comprehensive datasets and advanced algorithms is
expected to further enhance the effectiveness of these methods [20-21].
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2. MACHINE LEARNING ALGORITHMS AND THEIR PERFORMANCES

This section discusses the machine learning algorithms used in the study, the performance
metrics for evaluating the success of the experiments, and the results obtained.

2.1. Machine Learning Algorithms

In this study, Logistic Regression, Naive Bayes, Decision Tree, AdaBoost, and Neural Network
algorithms were employed to predict code quality. This section explores the characteristics,
advantages, and applications of each algorithm in the context of code quality.

Logistic Regression (LR) is an algorithm commonly used for binary classification problems. It
is an extended version of linear regression and predicts output values within a probability range
(0 to 1) [22]. This algorithm is well-suited for modeling the relationship between independent
variables, such as code quality metrics, and a dependent variable. Logistic Regression offers
several advantages, including effective performance with small datasets and low computational
cost [23]. However, its performance is limited in capturing non-linear relationships and
generally has lower accuracy compared to other methods.

Naive Bayes (NB) is an algorithm based on Bayes' theorem that assumes variables are
independent. It performs particularly well on categorical datasets [24]. In the context of
predicting code quality, NB offers notable advantages, including its speed and its ability to
make predictions on complex datasets using a simple model [25]. However, dependencies
between variables can negatively affect its performance. In this study, the NB algorithm
demonstrated moderate success, producing results similar to those of Logistic Regression,
largely due to the limited dependency among the metrics.

The Decision Tree (DT) algorithm is a hierarchical model used for classification and regression
problems. It creates decision trees by splitting data into segments and employs criteria such as
information gain or the Gini index to determine the optimal splits at each node [26]. In the
evaluation of code quality, DT demonstrates its ability to model complex relationships between
various metrics [27]. Although its performance may decline as the dataset size increases, within
the scope of this study, it excelled with high accuracy and strong predictive results.
Furthermore, the explainability of DT models is a notable advantage in software engineering
problems [28].

AdaBoost is an ensemble method that combines weak classifiers to create a strong classifier.
This algorithm aims to improve the overall accuracy of the model by assigning higher weights
to misclassified examples [29]. In the context of evaluating code quality, the AdaBoost
algorithm demonstrated exceptional performance in understanding complex relationships
between metrics. In this study, it emerged as the most successful algorithm in terms of F-Score
and Precision. One of AdaBoost's key advantages is its ability to achieve high accuracy and
effectively handle complex datasets. However, the risk of overfitting requires careful
preparation of the dataset [30].

Avrtificial Neural Networks (ANNS) are learning models inspired by the biological nervous
system. These algorithms have the capacity to model non-linear relationships due to their
structure, which includes one or more hidden layers [31]. In predicting code quality, ANNs
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offer advantages in handling large datasets and complex relationships. However, in this study,
they exhibited relatively low performance. One reason for this is the need for large datasets and
precise hyperparameter tuning in ANNSs [32]. Additionally, the model's high computational cost
necessitated the use of alternative methods that are more effective for small and medium-sized
datasets [33].

2.2. Comparison of Algorithms in Code Quality Prediction

The results of the study revealed that the performance of the algorithms used varied
significantly depending on the characteristics of the dataset and the selected metrics. AdaBoost
and Decision Tree algorithms demonstrated strong performance in the context of code quality
evaluation, proving effective in understanding more complex structures. Logistic Regression
and Naive Bayes, while effective on simpler datasets, showed limited success with more
complex code metrics. The performance of Neural Networks, on the other hand, can be
improved with large-scale and more complex datasets. The use of machine learning algorithms
in this study has shown that they can make the software quality evaluation process faster and
more consistent. However, the selection of algorithms should be made carefully, based on the
characteristics of the dataset, the predicted metrics, and the intended application of the model.

2.3. Performance Metrics

Precision, Recall, and F-Score metrics were used to evaluate the performance of machine
learning models for code quality prediction. These metrics are commonly used measures to
understand the accuracy and effectiveness of prediction models. The Confusion Matrix (CM)
is used to obtain these metric values. In the CM, True Positive (TP) and True Negative (TN)
predictions are considered correct predictions, while False Negative (FN) and False Positive
(FP) predictions are considered incorrect predictions [34].

Precision measures how many of the positive predictions made by the model are actually
correct. It is particularly important in scenarios where minimizing errors is critical. The
Precision value is calculated as shown in Equation (1):

TP

Precision TP T FP (1)

In this study, high Precision values indicate a low rate of false positive classifications and
demonstrate the reliability of the model's predictions [34].

Recall measures the model's ability to correctly capture truly positive data. Low Recall values
in code quality may indicate that errors are being overlooked. The Recall value is calculated
using the formula provided in Equation (2):

TP

- - 2
Recall TPTFN 2

The Recall value reflects the completeness of the model and is important for effectively
predicting software defects [35].
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F-Score is a metric that measures the balance between Precision and Recall, making it
particularly useful in cases where these two values are in conflict. The F-Score value is
calculated using the formula provided in Equation (3):

Precision * Recall

F — =2 3
score * Precision + Recall @)

The F-Score metric provides a balanced evaluation, reflecting the overall performance of a
model in terms of both accuracy and completeness [36]. A high F-Score in code quality
prediction indicates both a high proportion of correct predictions and a low number of missed
errors. These metrics offer a comprehensive framework for understanding the code quality
assessment performance of different models. By using Precision, Recall, and F-Score metrics
together, the strengths and weaknesses of a model can be analyzed in detail.

2.4. Experimental Results

Machine learning algorithms used for predicting the quality of software code have been
evaluated, and the performance of each model has been analyzed using key metrics such as
Precision, Recall, and F1-Score, as shown in Table 1. Considering the F1-Score, which
measures the balance between Precision and Recall, the AdaBoost algorithm demonstrated the
highest success in evaluating code quality with a score of 92.72%, particularly showing
consistently high performance in both Precision and Recall values. This result shows that the
AdaBoost algorithm is more effective than other algorithms in predicting software code quality.

Table 1. Performance values of the algorithms

Algorithm Precision Recall F-score
Logistic Regression  0.53431 0.71345 0.61102
Naive Bayes 0.53478 0.71931 0.61347
Decision Tree 0.90335 0.89279 0.89804
AdaBoost 0.91149 0.94347 0.92723
Neural Network 0.54286 0.74074 0.62655

As seen in Table 1, among the five selected algorithms, the highest F-score value of 0.92723
was achieved with the AdaBoost algorithm. Besides the AdaBoost algorithm, a satisfactory
performance was also achieved with the Decision Tree algorithm. However, the Logistic
Regression, Naive Bayes, and Neural Network algorithms were observed to achieve lower
performance compared to the AdaBoost and Decision Tree algorithms when all performance
metrics were considered.

The graph illustrating software code quality performance based on the F1-Score values obtained
from the evaluation of machine learning algorithm models is shown in Figure 1. It provides a
visual comparison of the strengths and weaknesses of each algorithm in balancing Precision
and Recall. This visual representation aids in identifying the most effective algorithm for
predicting software code quality.
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Figure 1. Software Code Quality Performance Graph of Machine Learning Algorithms
4. CONCLUSION

This study evaluated the performance of various machine learning algorithms for predicting
software code quality. The algorithms used included Logistic Regression, Naive Bayes,
Decision Tree, AdaBoost, and Neural Network. The performance of each model was analyzed
using Precision, Recall, and F-Score metrics. The results revealed that the AdaBoost algorithm
demonstrated the highest success, consistently delivering strong performance, particularly in
Precision and Recall values. The Decision Tree and Neural Network algorithms also achieved
satisfactory results, although their performance was not as high as that of AdaBoost. Other
algorithms, especially Logistic Regression and Naive Bayes, were observed to have lower
success rates.

The study highlights the importance of predictions in assessing code quality during software
development processes. Accurate and reliable code quality predictions directly impact the
effectiveness of software maintenance. Such predictions have the potential to make software
development processes more efficient while reducing error rates.

Future studies conducted with larger and more diverse datasets are expected to provide more
comprehensive results, improving the accuracy of the algorithms and metrics used.
Additionally, further optimization of algorithms with different parameters can be performed.
This study demonstrates that machine learning-based solutions have significant potential to
improve software quality in software engineering practices.
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OZET

Demiryolu hatlarinin glivenligi ve verimliligi, tasima sistemlerinin stirdiiriilebilirligi i¢in kritik
bir faktordiir. Demiryolu altyapisindaki arizalarin tespiti, erken miidahale i¢in biiylik 6nem
tasir. Bu ¢alismada, demiryolu hatlarinin hata tahminlemesi amaciyla sicaklik, titresim ve ray
deformasyonu verileri kullanilarak cesitli makine 6grenmesi algoritmalarinin performansi
degerlendirilmistir. Kullanilan 6zellikler arasinda, ortam sicakligi (°C), raydaki titresim (g) ve
ray deformasyonu (mm) yer almaktadir. Calismada, Random Forest (RF), Decision Tree (DT),
Naive Bayes (NB), Multi-Layer Perceptron (MLP) ve Support Vector Machine (SVM) olmak
iizere bes farkli makine 6grenmesi algoritmasi degerlendirilmistir. Her bir model kesinlik,
duyarlilik ve F1-skoru gibi metriklerle degerlendirilmistir. Elde edilen sonuglar, Random Forest
algoritmasinin en yliksek performansi sergileyerek %95.8 kesinlik, %82.7 duyarlilik ve %88.8
F1-skoru ile en basarili model oldugunu gdstermektedir. Diger algoritmalarin performanslari
sirastyla DT, NB, MLP ve SVM seklinde siralanmistir. Bu sonuglar, demiryolu hatlarindaki
potansiyel arizalarin tahmin edilmesinde RF algoritmasinin giiclii bir ara¢ olabilecegini ortaya
koymaktadir. Ayrica, farkli algoritmalar arasindaki karsilagtirmalar, demiryolu sistemlerinin
bakimi i¢in en uygun modelin se¢iminde rehberlik edebilir. Calisma, demiryolu altyapisinin
giivenligini artirmak ve ariza tespiti slireglerini iyilestirmek amaciyla gelecekteki arastirmalar
i¢in bir temel sunmaktadir.

Anahtar Kelimeler: Demiryolu Giivenligi, Makine Ogrenmesi, Ariza Tahminlemesi,
Stirdiiriilebilir Ulagim, Kestirimci Bakim.
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1. GIRIS

Demiryolu altyapisinin giivenligi ve verimliligi, tasima sektoriinde dnemli bir yer tutmaktadir.
Ancak, zamanla meydana gelen arizalar ve hatalar hem giivenlik risklerine yol agmakta hem de
operasyonel kesintilere neden olabilmektedir [1]. Bu sebeple, demiryolu hatlarindaki bakim
stireglerinin etkinligi, sistemin siirekliligini saglamak adma biiyiik Oonem tasimaktadir.
Geleneksel bakim yontemleri, genellikle belirli araliklarla yapilan incelemelere ve kontrollerle
siirlidir, ancak bu yontemler ¢ogu zaman arizalarin erken teshis edilmesini zorlastirmaktadir
[2]. Bu baglamda, kestirimci bakim (predictive maintenance) teknikleri, makinelerin ve
sistemlerin ¢aligsma kosullarina iligkin verilerle erken uyarilar saglayarak, bakim siireglerinin
daha verimli hale gelmesini saglamaktadir [3].

Kestirimci bakim, makinelerin ve altyapilarin, performansini izleyerek arizalarin olasiligini
tahmin etmeye yoOnelik bir yaklagimdir [4]. Bu yaklagim, yalnizca ariza meydana geldiginde
miidahale etmek yerine, olas1 ariza durumlarin1 5ngérmeyi amagclar. Boylece, bakim maliyetleri
azaltilabilir, sistemin kesintisiz ¢alismasi saglanabilir ve gilivenlik riskleri en aza indirilebilir
[5]. Demiryolu sistemlerinde, arizalarin tahmin edilmesi, sliriiciilerin ve tasima araglarinin
giivenligini artirmak igin kritik oneme sahiptir. Ozellikle, demiryolu hatlarmdaki sicaklik,
titresim ve ray deformasyonu gibi parametreler, bu tahminlerin yapilmasinda temel gostergeler
olarak kullanilir [6].

Makine 6grenmesi (ML), biiytlik veri analizi ve modelleme tekniklerini kullanarak kestirimci
bakim siireglerini iyilestirmede onemli bir rol oynamaktadir [7]. Demiryolu altyapisindaki
sensorlerden elde edilen veriler, bu modeller araciligiyla analiz edilerek, arizalarin ne zaman ve
nerede meydana gelebilecegi tahmin edilebilir. Ozellikle, sicaklik, titresim ve ray
deformasyonu gibi parametrelerin analizi, demiryolu hatlarinda yasanabilecek arizalarin erken
uyarilarini saglamak adina 6nemlidir [8]. Bu baglamda, ¢esitli makine 6grenmesi algoritmalari
(6rnegin; Karar Agaclar1 (Decision Trees), Rastgele Ormanlar (Random Forests), Destek
Vektor Makineleri (Support Vector Machines) ve Yapay Sinir Aglart (Artificial Neural
Networks)) kullanilarak yiiksek dogruluk oranlarina sahip tahminler yapilabilir [9].

Makine O0grenmesi algoritmalariin demiryolu hatlarinda ariza tahmininde kullanilmasinin
avantajlar arasinda verimlilik artis1, bakim siireclerinin optimizasyonu ve giivenlik diizeyinin
yiikseltilmesi yer almaktadir. Ozellikle, sicaklik, titresim ve ray deformasyonu gibi
parametrelerin izlenmesi, arizalarin tahmin edilmesinde 6nemli rol oynamaktadir [10]. Bu
nedenle, makine 6grenmesi yontemleri kullanilarak gelistirilen kestirimci bakim sistemleri,
demiryolu altyapilarinin daha giivenli, verimli ve siirdiiriilebilir olmasina katki saglamaktadir
[11].

Bu calismada, demiryolu hatlarindaki sicaklik, titresim ve ray deformasyonu verileri
kullanilarak, ariza tahmini i¢in c¢esitli makine 6grenmesi algoritmalarinin performansi
incelenmistir. Algoritmalarin kesinlik, duyarlilik ve F1-skoru gibi performans metrikleri ile
degerlendirilmistir. Sonuglar, hangi algoritmalarin demiryolu hatlarindaki arizalarin tahmin
edilmesinde daha etkili oldugunu gostermektedir. Bu tiir kestirimci bakim sistemlerinin,
demiryolu giivenligini artirmada ve bakim maliyetlerini diislirmede dnemli bir rol oynayacagi
ongoriilmektedir.

42 |Page



AKDENIZ 13th International Conference On Applied Sciences - January 3 — 5, 2025 - Kyrenia
Proceeding Book - ISBN NR: 978-625-5962-15-7

2. MATERYAL VE METOT

Bu boliimde, calismada kullanilan makine 6grenimi algoritmalari, deneysel sonuglarin
basarisini degerlendirmek i¢in kullanilan performans dlgiitleri ve elde edilen deneysel sonuglar
ele alinmaktadir.

2.1. Cahsmada Kullamlan Algoritmalar

Kestirimci bakim, makinelerin arizalarimi ve bakim ihtiyaclarim1i 6nceden tahmin etmek
amaciyla kullanilan bir tekniktir. Bu yaklasim, demiryolu sistemlerinde arizalarin erken tespiti
ve bakim siireglerinin optimize edilmesi i¢in kritik 6neme sahiptir [12, 13]. Makine 6grenmesi
(ML) algoritmalar1, sensor verilerini analiz ederek, demiryolu hatlarindaki sicaklik, titresim,
ray deformasyonu gibi parametrelerle iliskili arizalar1 tahmin etmek i¢in etkin bir sekilde
kullanilmaktadir [14]. Bu calismada, demiryolu altyapisinda kullanilan ¢esitli makine
O0grenmesi algoritmalarinin kestirimci bakim baglaminda nasil performans gosterdigi
incelenmistir. Caligsmada kullanilan algoritmalar arasinda Rastgele Orman (Random Forest —
RF), Karar Agaclar1 (Decision Tree — DT), Naive Bayes (NB), Cok Katmanli Algilama (Multi-
Layer Perceptron — MLP) ve Destek Vektor Makineleri (Support Vector Machine — SVM) yer
almaktadir. Bu algoritmalar, farkli parametrelerin etkilesimini anlayarak, bakim siirecinin
iyilestirilmesine yonelik tahminler yapmaktadir.

Rastgele Orman, karar agaglarindan olusan bir topluluk &grenme (ensemble learning)
yontemidir [15]. Bu yontem, her bir agacin bagimsiz olarak karar verdigi ve nihai tahminin
cogunluk oyu ile belirlendigi bir yapiya sahiptir. RT, demiryolu sistemlerinde sicaklik, titresim
gibi parametrelerin degisimlerine bagli olarak ariza tahmini yapmada etkili bir yontemdir [16].
Algoritma, ¢ok biiyiik veri setleriyle basa ¢ikabilir ve farkli 6zelliklerin 6nem derecelerini
belirleyebilir. Bu 6zelligi, 6zellikle sensor verilerinden ariza tahminleri yaparken 6nemli bir
avantaj sunar. RT, genellikle dogruluk orani yiliksek sonuglar verdigi i¢in kestirimeci bakim
uygulamalarinda yaygin olarak tercih edilmektedir. Yapilan ¢alismalarda, RT algoritmasi,
yiksek dogruluk, kesinlik (precision) ve duyarlilik (recall) degerleriyle sonu¢lanmigtir [1].

Karar Agaglari, siniflandirma ve regresyon problemlerinde yaygin olarak kullanilan bir
denetimli 6§renme algoritmasidir [1]. Bu algoritma, veriyi aga¢ yapisinda bélerek her bir dalda
siiflama yapar. Demiryolu altyapilarinda, bu algoritma genellikle bakim oncesi tahminleme
i¢in kullanilir [16]. Ozellikle, belirli esiklere dayali kararlar verildigi icin karar agaclari, kolayca
yorumlanabilir ve anlasilabilir sonuglar saglar. Bununla birlikte, karar agaclari, asir1 6grenme
(overfitting) egiliminde olabilir. Bu nedenle, karar agacinin derinligi veya budama teknikleriyle
genelleme giicli artirilabilir. Demiryolu sistemlerinde titresim, sicaklik gibi parametrelerin
izlenmesi sonucunda ariza tahminlerinde basarili sonuglar elde edilmistir. Bu algoritma, kiigiik
veri setleri ile calistiginda etkili olabilir, ancak biiyiik veri setlerinde performansi sinirl
kalabilir [17].

Naive Bayes, olasilik temelli bir siniflandirma algoritmasidir ve her bir 6zelligin birbirinden
bagimsiz oldugunu varsayar. Bu algoritma, 6zellikle biiyiik veri setlerinde hizli ve verimli
sonuglar verir [18]. NB, ariza tahminlerinde kullanilan 6zelliklerin her birinin birbirinden
bagimsiz oldugu varsayimi altinda caligir ve bu 6zelliklerin olasiliklarini hesaplar. Demiryolu
sistemlerinde, bu algoritmanin kullanimi, parametrelerin bagimsizlik varsayimina dayali olarak
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hizl1 sonuglar elde edilmesine olanak saglar. Ancak, 6zellikler arasindaki bagimliliklarin goz
ard1 edilmesi, modelin dogrulugunu diisiirebilir. Bununla birlikte NB, 6zellikle hizl1 karar
verme siireglerine ihtiya¢ duyulan durumlarda tercih edilmektedir. Calismada, NB algoritmasi
genellikle iyi performans gostermistir [19].

Cok Katmanli Algilama, yapay sinir aglarinin bir tiiriidiir ve genellikle derin 6grenme alaninda
kullanilir. Bu model, birden ¢ok gizli katmandan olusur ve her bir katman, giris verilerinin
dogrusal olmayan o6zelliklerini 6grenir [20]. Demiryolu hatlarinda ariza tahmininde, MLP
algoritmasi, sicaklik ve titresim gibi parametrelerin yiiksek dogrulukla tahmin edilmesine
olanak saglar. Ancak, MLP’nin egitim siireci daha karmasik olabilir ve biiyiik veri setlerinde
olduk¢a hesaplama giicii gerektirebilir. Calismada, MLP’nin genellikle iyi sonuglar verdigi,
ancak hesaplama zamaninin arttig1 gézlemlenmistir [21].

Destek Vektor Makineleri, siniflandirma ve regresyon problemlerinde yaygin olarak kullanilan
giiclii bir algoritmadir. SVM, veriyi en iyi sekilde ayiran bir hiper diizlem bulmaya ¢alisir ve
bu dogrultuda siniflandirma yapar [22]. Demiryolu hatlarindaki ariza tahminlerinde, SVM,
sicaklik, titresim ve ray deformasyonu gibi parametreleri kullanarak ariza olasiliklarini tahmin
etmek icin etkin bir sekilde kullanilabilir [23]. Ozellikle dogrusal olmayan siniflandirmalar icin,
cekirdek fonksiyonlar1 kullanilarak yiiksek dogruluk elde edilebilir. Bununla birlikte, SVM nin
egitim siiresi ve hesaplama maliyeti, biiytik veri setlerinde yiiksek olabilir. Calismada, SVM'nin
diisiik duyarlilik oranlariyla sonuglandigi gézlemlenmistir [24].

2.2. Performans Olgiitleri

Demiryolu kestirimci bakim uygulamalarinda, dogru tahminlerin yapilmasi ve kritik hatalarin
onceden tespit edilmesi biiyilk Onem tasir. Calismamizda, titresim, sicaklik ve ray
deformasyonu gibi fiziksel 6zelliklere dayanarak arizalarin tahmin edilmesinde kullanilan
makine 6grenimi modellerini degerlendirmek i¢in kesinlik, duyarlilik ve F1-skor metrikleri
kullanilmustir.

Bir smiflandirma problemi icin gelistirilen algoritmalarin sonuglarimi karsilagtirmak ve
degerlendirmek i¢in bir dizi 6lgiit kullanilmasi gereklidir. Siniflandirma i¢in kullanilan birincil
ara¢ Karmagiklik Matrisi (Confusion Matrix) olarak bilinir. Gergek Pozitif (True Positive — TP)
ve Gergek Negatif (True Negative — TN) tahminler dogru tahminler olarak kabul edilirken,
Yanlis Negatif (False Negative — FN) ve Yanlis Pozitif (False Positive — FP) tahminler yanlis
tahminler olarak kabul edilir [25][26].

Kesinlik (precision), Ozellikle kritik olmayan bir durumu hatali sekilde ariza olarak
smiflandirmanin maliyetli oldugu durumlarda 6ne gikar. Ornegin, ray deformasyonu olmayan
bir durumda yanlis bir "ariza" alarmi verilmesi, gereksiz bakim ve operasyonel kesintilere
neden olabilir. Bu nedenle, yiiksek kesinlik degerleri, modellerin giivenilir tahminler yapmasi
acisindan hayati onemdedir [26]. Denklem (1)’de yer alan TP, dogru sekilde ariza olarak tahmin
edilen durumlari; FP, ariza olmadigi halde ariza olarak tahmin edilen durumlar ifade
etmektedir.
TP

Kesinlik = ———— 1
CSI = b L FP ()
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Duyarlilik (recall), gergek arizalarin dogru bir sekilde tespit edilme oranini ifade eder. Ozellikle
bir ray deformasyonu veya sicaklik artisi gibi kritik durumlarin gézden kagirilmasinin tehlikeli
sonuclar dogurabilecegi demiryolu bakiminda, bu metrik biiylik 6nem tasir. Yiiksek duyarlilik
degeri, modelin arizalar1 tespit etmedeki basarisin1 gosterir [26]. Denklem (2)’de yer alan FN,
ariza olmasina ragmen "ariza yok" olarak siniflandirilan durumlar1 géstermektedir. Duyarlilik
degerinin diislik oldugu bir senaryoda kritik arizalarin gézden kagirilmasi, sistemin giivenligini
riske atabilir.
TP

S 2
Duyarlilik TP+ FN (2)

F1-skor, Kesinlik ve Duyarlilik degerleri arasindaki dengeyi degerlendirir ve demiryolu gibi
giivenlik odakli uygulamalarda dengeli bir performans olgiitlii saglar. Bu 6l¢iit, 6zellikle veri
setindeki dengesizliklerin (6rnegin %90 saglikli, %10 arizal1 veri) etkisini minimize eder ve her
iki dlgiitiinde dikkate alindig1 genel bir performans 6lgiitii sunar [27].

Kesinlik * Duyarlilik

F — skor = 2 x Kesinlik + Duyarlilik ©)

Demiryolu kestirimci bakim sistemleri, kritik arizalarin 6nceden tahmin edilmesi yoluyla
maliyetlerin ve giivenlik risklerinin azaltilmasini hedefler. Calismada kullanilan Kesinlik
(Precision) degeri, ariza tahminlerinin dogrulugunu artirmaya odaklanirken; Duyarlilik
(Recall), kritik arizalarin atlanmasini 6nlemeye yonelmistir. Fl-skor ise her iki metrigi
dengeleyerek model performansini biitiinciil bir sekilde degerlendirmistir [28].

2.3. Deneysel Sonuclar

Demiryolu hatlarmin giivenligi ve stirdiiriilebilirligi agisindan demiryolu arizalarinin tahmin
edilmesi amaciyla kullanilan makine 6grenimi algoritmalar1 degerlendirilmis ve her bir
algoritmanin model performanslar1 Cizelge 1’de goriildiigii lizere Kesinlik, Duyarlilik ve F1-
skor gibi temel dl¢iitler kullanilarak analiz edilmistir. Kesinlik ve Duyarlilik arasindaki dengeyi
olgen F1-skor degeri dikkate alindiginda Random Forest algoritmasinin %88,78 ile ariza tespiti
icin yiiksek performans sergiledigini gostermistir. Elde edilen bu sonu¢, Random Forest
algoritmasinin demiryolu arizalari i¢in hem yanlis alarmlar1 en aza indirgemede hem de gercek
arizalar tespit etmede etkili oldugunu gostermektedir.

Cizelge 1. Algoritmalarin performans degerleri

Algoritma Kesinlik Duyarhhk F1-skor
RF 0.95789 0.82727 0.88783
DT 0.88235 0.81818 0.84906
NB 0.90805 0.71818 0.80203
MLP 0.80103 0.72727 0.76192
SVM 0.78205 0.55455 0.64894
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Makine 6grenimi algoritmalarin model performansinin degerlendirilmesi sonucu elde edilen
F1-skor degerlerine gore demiryolu hata kestirim performanslarini ele alan grafik, Gorsel 1°de
goriilmektedir.

Demiryolu Hata Kestirim Performanslar

F1-Score

Gorsel 1. Demiryolu hata kestirim performanslar1 grafigi

3. SONUC

Demiryolu hatlarinin giivenligi ve siirdiiriilebilirli§i agisindan kestirimci bakim sistemleri,
kritik bir role sahiptir. Bu calismada, demiryolu arizalarinin tahmin edilmesi amaciyla
kullanilan makine 6grenimi algoritmalar1 degerlendirilmis ve model performanslar1 Kesinlik,
Duyarlilik ve F1-skor gibi temel metrikler kullamlarak analiz edilmistir. Ozellikle sicaklik,
titresim ve ray deformasyonu gibi fiziksel 6zellikler, bu sistemlerin temel veri kaynagini
olusturmus ve ariza tespitinde etkin bir rol oynamustir.

Elde edilen sonuclar, Random Forest gibi gii¢lii ve agiklanabilir algoritmalarin, ariza tespiti i¢in
yiksek performans sergiledigini gostermistir. Kesinlik ve Duyarlilik arasindaki dengeyi 6lgen
F1-skor degerleri, modellerin hem yanlis alarmlar1 en aza indirgemede hem de gercek arizalar
tespit etmede etkili oldugunu ortaya koymustur. Bununla birlikte, dengesiz veri setleri ve
degisken oOzelliklere sahip fiziksel ortamlar, tahmin modellerinin optimizasyonu i¢in ek
stratejilere ihtiya¢ duyuldugunu gostermektedir.

Calisma, demiryolu bakim siireglerine kestirimci yaklagimlar entegre edilmesinin hem
operasyonel maliyetlerin diisiiriilmesi hem de yolcu giivenliginin artirilmasi agisindan énemli
katkilar saglayabilecegini vurgulamaktadir. Gelecekte, daha biiyiik ve ¢esitli veri setlerinin
kullanim, algoritmalarin ger¢cek zamanl sistemlere entegrasyonu ve daha karmasik modelleme
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tekniklerinin uygulanmasi, demiryolu sistemlerinde kestirimci bakimin daha etkin bir sekilde
gerceklestirilmesine olanak tantyacaktir.
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OZET

Stratejik planlar gelecek icin stratejiler olustururken SWOT analizi ise stratejilere kanit
olusturmaktadir. Klasik SWOT analizinin bircok dezavantajinin oldugu literatiirde yer
almaktadir. Bu dezavantajlar1 gidermenin bir yolu da SSWOT analizidir. Bu ¢alismada T.C.
Ulastirma ve Altyap1 Bakanlhigina baglh Devlet Hava Meydanlari Isletmesi Genel Miidiirliigii
(DHMI) 2024-2028 stratejik planinda yer alan SWOT analizi incelenerek klasik SWOT analizi
dezavantajlarin1 gidermek amaciyla SSWOT analizine donistiiriilmiistiir. Bu amagla; teknoloji
ve inovasyon, ekonomi, siirdiiriilebilirlik, glivenlik, insan kaynagi, cografya, idari olmak {izere
7 ana kriter, 20 alt kriter belirlenmistir. DHMI, SWOT analizinde yer alan maddeler belirlenen
kriter ve alt kriterler dikkate alinarak eslestirilmis ve SSWOT analizi olusturulmustur.

DHMI, iilkemizdeki havalimanlarmin yer hizmetlerinin saglanmasi, lojistik ve ulagim sektorii
icin ciddi bir 6neme sahip olan hava tasimaciliginin yenilik¢i ve uluslararasi standartlara uygun
sekilde icra edilmesi, sivil havacilik hizmetleri ve hava trafik kontrol siireclerinin denetimi,
diizenlenmesi ve bunlarin entegre halde calisiyor olmasindan sorumlu olan bir kamu
kurumudur. Cografi olarak kritik bir dneme sahip olan havalimanlarimizin ve hava sahamizin
evrensel ve bolgesel olarak siirekli yenilik¢i ¢ozlimler tlireterek yonetilmesi kiiresel diizeyde bir
giic anlamina gelmektedir. Bununla beraber tiim bunlarin uygun bir sekilde yerine getirilmesi
icin ciddi bir modern altyapi, ekonomik gii¢, basaril1 bir idari yonetim, tecriibeli personel ve
teknoloji kaynag1 gerekmektedir. Bu ¢er¢evede, DHMI nin 6nemli bir misyon iistlenmektedir.

Bu ¢alismanin amaci iilkemiz i¢in énemli bir kamu kurumu olan DHMI nin giincel stratejik
planinda yer alan SWOT analizini stratejiye daha odaklanilmasini saglayan SSWOT analizi
hazirlayarak karar vericilere farkli bir bakis agis1 sunmak icindir.

Anahtar Kelimeler: Stratejik Plan, Klasik SWOT, SSWOT, DHMI
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1. GIRIS
Stratejik planlama, organizasyonlarin gelecek hedeflerine ulasabilmek icin gecmis

deneyimlerin  anlamlandirilmast ve mevcut kaynaklarin sistematik olarak verimli
kullanilmastyla etkin yonetim olugmasin1 amaglayan bir siiregtir.

Stratejik planlar gelecek i¢in stratejiler olustururken SWOT analizi ise stratejilere kanit
olusturmaktadir. Organizasyonlar, karsilastig1 i¢ ve dis etkilerin analiz edilmesi ile giiclii
yonler, zayif yonler, firsatlar ve tehditleri (Strengths, Weaknesses, Opportunities, Threats)
belirlemeleri, stratejik planlama ¢aligmalarinda mevcut durum analizi ve gelecek stratejilerin
belirlenmesinde etkin rol oynamaktadir. Klasik SWOT analizi ¢iktilari, mevcut durumun
degerlendirilmesi ve strateji hazirlik ¢calismalarinda yol gosterici olsada birgok dezavantajinin
oldugu literatiirde yer alan ¢alismalar detayli incelendiginde goriilebilmektedir. Bu
dezavantajlar1 gidermenin bir yolu da SSWOT analizidir.

2. KLASIK SWOT ve SSWOT

SWOT analizi iilke, toplum, isletme, kisi, olay icin giiclii, zayif yonler ile i¢inde
bulunulan gevreyle ilgili olan firsat ve tehditlerin siralandigi bir analizdir. Klasik SWOT analizi
uygulama alani genis olmasi ve stratejik planlarda stratejilere kanit olusturmasi nedeniyle
yaygin olarak kullanilir. Ancak ayn1 zamanda analizin bazi olumsuz yonleri de bulunmaktadir.
Klasik SWOT analizinin olumsuzluklar1 iizerine literatiirde ¢alismalar bulunmaktadir (Ornegin;
Hill ve Westbrook, 1997; David,1998; David, 2001; Karatop, 2022.. vb.). Hill ve Westbrook,
(1997) bu olumsuzluklar1 asagidaki gibi siralamistir.

o Uzun listeler halinde siralanmis olan maddeler,
e Bu listelerde bir dnceligin olmamasi,
e Bazi ifadelerin net olmamasi.
Bu olumsuzluklarin en 6nemlilerinin bu ti¢ madde oldugunu sdyleyebiliriz.

Uzun listelerin daha anlamli duruma gelmesi ve karar vericiye daha odaklanilmis strateji
olusturmaya imkan vermek ic¢in literatiire Karatop (2015) tarafindan SSWOT analizi
gelistirilmistir. SSWOT analizi, analiz yapilacak olan igletmenin faaliyet kapsami ana ve alt
kriterlere ayrilarak SWOT faktorleri bu kriterler iizerinden yapilir (Tablo 1).

Tablo 1. SSWOT (Kaynak: Karatop, 2015)

ANA KRITER | ALTKRITER SSWOT
S111 W11 O111 Tia
K11
Si12 Wi, O112 Ti12
M, S121 W11 O121 T
K1z
S122 Wiz O12 Ti22
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Sia1 Wia O1a1 Tia1
Kla

SlaZ WlaZ 0132 TlaZ

Snll Wnll Onll Tnll
Knl

Sn12 Wh12 On12 Th12

M,

Sna1 Wha1 Onz1 Tha1
KnZ

Sn22 Wn22 On22 Tn22

Snzl anl Onzl Tnzl
an

SnzZ anZ OnzZ TnzZ

3. UYGULAMA

Bu calismada T.C. Ulastirma ve Altyapr Bakanligina bagli Devlet Hava Meydanlari
Isletmesi Genel Miidiirliigii (DHMI) 2024-2028 stratejik planinda yer alan SWOT analizi
incelenerek klasik SWOT analizi dezavantajlarin1 gidermek amaciyla SSWOT analizine
doniistiiriilmiistiir. Bu amagcla; 7 ana kriter, 20 alt kriter belirlenmistir. DHMI, SWOT analizinde
yer alan maddeler belirlenen kriter ve alt kriterler dikkate alinarak eslestirilmis ve SSWOT
analizi olusturulmustur.

DHMI, iilkemizdeki havalimanlarmin yer hizmetlerinin saglanmasi, lojistik ve ulagim
sektorii i¢in ciddi bir Oneme sahip olan hava tasimacilifinin yenilik¢i ve uluslararasi
standartlara uygun sekilde icra edilmesi, sivil havacilik hizmetleri ve hava trafik kontrol
stireclerinin denetimi, diizenlenmesi ve bunlarin entegre halde ¢alisiyor olmasindan sorumlu
olan bir kamu kurumudur. Cografi olarak kritik bir 6neme sahip olan havalimanlarimizin ve
hava sahamizin evrensel ve bolgesel olarak siirekli yenilik¢i ¢ozlimler iireterek yonetilmesi
kiiresel diizeyde bir giic anlamina gelmektedir. Bununla beraber tiim bunlarin uygun bir sekilde
yerine getirilmesi i¢in ciddi bir modern altyapi, ekonomik gii¢, basarili bir idari yonetim,
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tecriibeli personel ve teknoloji kaynagi gerekmektedir. Bu ¢ercevede, DHMIi nin énemli bir

misyon iistlenmektedir.

3.1. DHMI Klasik SWOT

Calismanin ana konusu olan DHMI 2024-2028 stratejik planinda yer alan klasik

SWOT analizi asagida verilmistir (Tablo 2).

Tablo 2. DHMI SWOT Analizi (Kaynak: DHMI 2024-28 Stratejik Plani)

Giiclii Yonler

Zayif Yonler

*G1. Ana faaliyet alanlar1 olan havalimani isletme ve
hava seyriisefer hizmetlerinde 90 yillik kokli bir
gecmise ve tecriibeye sahip olmasi.

*G2. Tiirkiye hava sahasinda hava seyriisefer hizmeti
veren tek otorite olmasi.

*G3. Havalimani isletmeciliginde iilkenin ilk ve ayni
zamanda en fazla havalimani isleten kurulusu
niteligine sahip olmasi.

*G4. Yeterli bilgi, birikim ve tecriibeyi haiz, nitelikli
bir insan kaynagini biinyesinde barindirmasi.

*GS. Sivil havacilik sektoriinde otorite konumunda
bulunan uluslararasi kuruluslara iiye olunmasi ve bu
kuruluslarla teknik ve idari konularda isbirligi
yapilmasi.

*G6. Yatimmlarim kendi 6z kaynaklar ile finanse
edebilmesi.

*G7. Sivil havacilik alaninda yasanan tiim teknolojik
gelisme ve yeniliklerin siirekli olarak takip edilmesi
ve  bunlarin  gerektirdigi  iyilestirme = ve
giincellemelerin yapilmasi.

*G8. Avrupa Birligi'ne uyum c¢aligmalar1 kapsaminda
ilgili mevzuatin yakindan takip edilmesi ve buna
uygun diizenlemelerin yapilmasi.

*G9. Kamu-Ozel Sektdr isbirligi uygulamalariyla
bliylik c¢apli yatinm ve isletme projelerini
gergeklestirebilme imkan ve kabiliyeti.

*G10. Hava sahas1 dizayni ve yOnetimini saglayan
otorite olmasi.

*G11. Kurulus hizmetlerinin "Kalite Yonetim
Sistemi" giivencesinde, siirekli iyilestirme ve
gelistirmeyi esas alan bir anlayisla yiiriitiilmesi.

*G12. Faaliyet konular1 kapsaminda kiiresel ve
bolgesel olgekte etkinliginin yiiksek olmasi.

«Z1. Personelin motivasyonunu, memnuniyetini ve
aidiyet duygusunu gii¢lendirecek mekanizmalarin
sistematik ve islevsel olmamasi.

*Z2. Calisanlarin performansini objektif bigimde
Olcecek kriterlerin heniiz yerlesmemis olmasi.

*Z3. Personele yonelik kariyer planlamasi
mekanizmasinin bulunmamasi.

*Z4. Kurulusun hizmet alanlariyla ilgili personele
yonelik yapilan egitim calismalarinin dagiliminin
dengeli olmamasi.

*Z5. Hava trafik yogunlugunun bolgesel
farkliliklar arz etmesinden dolayr sahada gorev
yapan personelin is ylikiiniin esitsiz bir dagilima
sahip olmasi.

+Z6. Deneyimli personelin emeklilik vb. sebeplerle
ayrilmasit ~ sonucunda bilgi ve deneyimin
aktariminda sorun yasanmasi ve kurumsal
hafizanin olusturulamamasi.

+Z/7. Kurulus birimleri arasindaki koordinasyon ve
gorev dagiliminda yer yer yasanan sorunlarin
verimlilik ve etkinlik {izerindeki olumsuz etkisi.

+Z8. Havaliman gelirlerinin toplanmasinda
otomasyon sistemlerinin yeterli olmamasi.

*79. Karlilik bakimindan gelir-gider dengesi
olumsuzluk arz eden havalimanlari.
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*G13. Faaliyet alanlarma iliskin egitimleri ulusal ve
uluslararast  diizeyde verebilecek nitelikte bir
Havacilik Egitim Akademisine sahip olmasi.

*G14. Hava Seyriisefer hizmet gelirlerinin
EUROCONTROL araciligiyla tahsil edilebilmesi.

Firsatlar

Tehditler

*F1. Kitalar aras1 gecis giizergahi tizerinde bulunmasi
hasebiyle Tiirkiye’nin havacilik sektorii agisindan
ayricalikli bir cografi konuma sahip olmasi.

*F2. Uluslararasi kuruluslara (ICAO, ECAC,
EUROCONTROL vb.) iiye olunmasiin Kurulusa
sagladigi olanak ve kabiliyetler.

*F3. Pandemi sonrasinda tilkemiz turizminin nicel ve
nitel yonden hizla gelismesinin havacilik sektorii
tzerindeki olumlu etkisi.

*F4. 2019 yilinda hizmete giren Istanbul
Havalimani'nin yolcu ve yiik tasimaciliginda kitalar
aras1 aktarma noktasi haline gelmesi.

*F5. Ozel sektor kuruluslarinin havacilik alanimdaki
yatirnmlarinin artarak devam etmesi.

*F6. Kamu ve oOzel sektor isbirligi projelerinin
basarili olmasi.

*F7. Havacilik sektoriine yeni sirketlerin katilmasi ile
artan  rekabetle birlikte, yolcu ve kargo
tasimaciliginda olusan ilave talepler dogrultusunda
havalimanlarinin daha isler hale gelmis olmasi.

*T1. Kamu Thale Kanunu'nun getirdigi
kisitlamalar nedeniyle havaciik kural ve
standartlarina uyum saglamak i¢in gerekli
teknolojik yeniliklerin temininde ve yatirimlarin
yapilmasinda  yasanabilecek  aksaklik  ve
gecikmeler.

*T2. Uyumsuzluk barindiran bazi idari ve yasal
diizenlemelerin merkezi idareler ve askeri
birimlerle koordinasyon sorunlarina ve yetki
karmasasina yol agarak havalimanlarindaki idari
faaliyetleri olumsuz etkilemesi.

*T3. Miilki Idari Amirleri ile Kurulus arasinda
mevzuattan kaynakli olarak yetki ¢atigmalarinin
ortaya gikmasi.

*T4. Yiirirlikte bulunan mevzuatin nitelikli
personel aliminda ¢esitli sinirlamalar getirmesi.

*T5. Kiiresel diizeyde yasanan savas vb. jeopolitik
gelismelerin havacilik sektorii iizerindeki olumsuz
etkileri.

*T6. Iklim degisikligi, deprem, sel gibi dogal
felaketlerin mevcut havaliman1 altyapilarina
verebilecegi zararlar.

*T7. Usulsiiz yapilasma vb. sorunlardan dolay1
hava sahasi siniflandirmasi ve havalimani1 manevra
kriterlerine yeterince uyulmamasi.

*T8. Havayolu ulasiminin, demiryolu ve denizyolu
basta olmak {iizere diger ulasim modlarn ile
entegrasyonunun tam olarak saglanamamis olmasi
ve buna bagli olarak intermodal tasima ve lojistik
uygulamalarinin yapilamamasi.

*T9. Sivil havaciliga iliskin uygulanmakta olan
uluslararas1 kural ve standartlarin bir kisminin
milli mevzuata doniistiiriilememis olmasi.
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3.2. DHMIi SSWOT

DHMI 2024-2028 Stratejik Plani kapsamli sekilde incelenmis, mevcut klasik SWOT
analizi referans alinarak kurumun amagclari ve hedefleri dogrultusunda 6nemli goriilen konulara
odaklanmustir. Elde edilen bulgular, Tablo 3°de belirtildigi gibi 7 ana kriter ve 20 alt kritere
doniistiiriilerek klasik SWOT analizin yeniden yorumlanabilmesi igin SSWOT doniisiimii

asamasina gecilmistir.

Tablo 3.DHMI SSWOT Analiz icin Ana ve Alt Kriterler

Insan Kaynag

Ana Kriterler Alt Kriterler

Y atirim
Teknoloji ve Inovasyon

Altyap1

Pazar Hacmi
Ekonomi Finansal Istikrar

Rekabet,

Toplum
Siirdirilebilirlik

Cevre

Dijital/Siber
Giivenlik —

Fiziki

Liderlik

[sgiicii ve Yetenek

Motivasyon

Performans Y Onetimi

Egitim

Stratejik Konum

Cografya
Cevresel Etkiler
Kurumsal Hafiza
[sbirligi

Idari

Hukuk ve Mevzuat

i¢ iletisim

Belirlenen kriterler, klasik SWOT analizinin olusturacag belirsizliklerin giderilebilmesi
ve strateji analizin yeniden anlamlandirilmasi i¢cin maddeler halinde gerekli eslestirmeler
yapilarak Tablo 4’te SSWOT doniistimii gerceklestirilmistir.
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Tablo 4.DHMI SSWOT Analizi

Ana Kriter Alt Kriter S (G) W (2) OX(3)] T(T)
Teknoloji ve Y atirim G7—-G9 F5 T1
Inovasyon Altyapi G5 Z8

Pazar Hacmi F3
Ekonomi Finansal Istikrar G6 - G14 /8 - 79

Rekabet, F7

Toplum G12 F3 T8
Siirdiiriilebilirlik

evre T5-T6

Dijital/Siber
Giivenlik —

Fiziki G10 T6

Liderlik 76 -Z7 |[F6 T2

[sgiicii ve Yetenek G4 75 T4
insan Kaynag Motivasyon Z1-273

Performans Y Onetimi Z2

Egitim G13 Z4

Stratejik Konum F1-F4 T5
Cografya -

Cevresel Etkiler T5-T6-T7

Kurumsal Hafiza Gl -G3-G11 [Z6

[sbirligi G5 - G6 F2 -F4-F6
idari Hukuk ve Mevzuat G2-G8 T1 T2 T3

T9
ic Iletisim Z7

Kurumun faaliyet alanlarina ait ¢calismalar kritik bir ¢ok siirecin etkilesim icerisinde
isleyisi ile gergeklestiginden organizasyonel siiregler belirlenirken ve yeni stratejiler
olusturulurken mevcut durumun kapsamli sekilde analiz edilmesi 6nemlidir. Yapilan bu analiz
ile elde edilen SWOT bulgularinin, bu ¢alismada uygulanan SSWOT doniisiimii ile daha
ayrintili olarak ele alinmasi ve belirlenen her bir alt kriter karsisinda giiclii, zayif yonler ile firsat

ve tehditler agisindan kapsamlar1 daha ayrintili goriilmektedir. Stratejik planlama ¢aligmalari
yapilirken elde edilen bulgularin SSWOT formatinda smiflandirilmasi, her bir kriter ile
eslestirilen bulgulara ait GZFT maddeleri belirlenmesine olanak saglamaktadir. Ayn1 zamanda
karar vericiye odaklanmasi gereken stratejiler hakkinda da bilgiler vermektedir.

Bu sayede DHMI 6rneginde gerceklestirildigi haliyle 6rnegin “Idari” siireglere ait kriter
altinda yer alan “Kurumsal Hafiza” alt kriteri icin SSWOT ¢aligmas1 incelendiginde Stratejik
Planda yer alan Gii¢li (G1-G3-G11) ve Zayif (Z6) maddeleri ile eslestirilebilecegi goriiliirken,
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bu alt kritere ait Firsat ve Tehdit basliklarinda herhangi bir eslestirme yapilamamaistir. Stratejik
plan ¢alismalarinda kurumlarin faaliyet alanlarina ait bu sekilde ¢alismalar gergeklestirilmesi,
olusturulacak stratejik planlarin kapsaminda yer alacak analizlerin daha ayrintili ve 6l¢iilebilir
olmasina biiyiik katkilar sunacaktir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu c¢alismada, Ulagtirma ve Altyapt Bakanligina bagli Devlet Hava Meydanlar
Isletmesi Genel Miidiirliigii (DHMI) nin 2024-2028 stratejik planindaki yer alan klasik SWOT
analizi, detayli olarak incelenerek analitik bir yaklasim sunan SSWOT analizine
dontgtiiriilmiistiir. 7 ana kriter ve 20 alt kriter belirlenerek, DHMI'nin gii¢lii yonleri, zay1f
yonleri, firsatlar1 ve tehditleri sistematik bir sekilde yeniden yorumlanmistir. Yapilan analiz,
Stratejik Plan iizerinden belirlenen teknoloji ve inovasyon, altyapi, insan kaynagi, cografi
konum ve idari siiregler gibi kriterler ¢er¢evesinde DHMI nin mevcut durumunu ayrmtili bir
sekilde ortaya ¢ikarmistir.

SSWOT analizi, klasik SWOT’a kiyasla daha kapsamli ve Olgiilebilir sonuglar elde
edilmesini saglayarak, stratejik planlamada siireclerinde daha etkili bir yontem olarak
kullanilabilmektedir. Ozellikle yatirm, finansal istikrar, giivenlik, isgiicii ve yetenek, kurumsal
hafiza, personel motivasyonu, isbirligi gibi alanlarda tespit edilen bulgular, DHMI’nin gelecek
stratejilerinin belirlenmesinde dnemli bir referans kaynagi olacaktir. Gergeklestirilen ¢alisma,
kurumun gii¢lii yonlerini daha iyi kullanmasina, zayif yonlerini gidermesine, karsilasilacak
firsatlar1 degerlendirmesine ve tehditlere kars1 6nlem almasinda yardimer olacaktir.

Sonug olarak, bu ¢alisma, SSWOT analizinin stratejik plan hazirlama siireclerinde
verimli bir sekilde kullanilabilecegini gostermektedir. Elde edilen bulgular, DHMI’nin hem ig
hem de dis etkilerini daha iyi anlamasina ve bu amagla kapsaml stratejiler olusturulmasina
katki sunacaktir. Gelecekte, uygulanan SSWOT doniisiimiiniin devami niteliginde olabilecek
diger bir ¢aligma ise elde edilen ana ve alt kriterlere ait bulgularin sektdr profesyonelleri,
akademisyenler ve kriterlere ait alanlarda c¢alisan uzmanlar tarafindan degerlendirilmesi ve
puanlanmasi ile her bir kriterin agirliklar1 bulanik c¢ok kriterli karar verme teknikleri ile
hesaplanabilir ve bir sonraki doneme ait Stratejik Plan calismalarinda referans olabilmesi i¢in
oncelik siralamasi ile optimizasyon yapilabilir.

Ayrica ¢alismada yer alan yontemin diger 6zel sektor ve kamu kurumlari i¢in de
uygulanabilirligi arastirilabilir ve kriterler genisletilerek daha kapsamli analizler elde edilebilir.
Gergeklestirilen bu tiir calismalar, stratejik planlamanin verimliligini artirarak, kurumlarin orta
ve uzun vadeli basarilarina 6nemli katkilar saglayacaktir.
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OZET

Proje yonetiminde basar1 elde etmek icin yapay zeka ile desteklenmis stratejik yonetimden
yararlanilmaktadir. Bu konuda yapay zekadan beklentiler giderek artmakta ayn1 zamanda
akademik calismalarda artan hizla yapilmaktadir. Stratejik yonetim hangi sektdr ve alanda
kullanilirsa kullanilsin daha optimal kararlar almak, insan hatalarin1 azaltmak, gelecek hedefleri
tahmin etmek, gercek zamanli performans analizi yapmak gibi bircok neden i¢in yapay zekadan
faydalanilmasi gerekmektedir. Ayni zamanda yapay zekanin benimsenmesinde alisilmadik bazi
zorluklarin da varligi s6z konusudur. Literatiirde bu zorluklar1 teknolojik ve geleneksel olarak
ikiye ayiran caligmalar bulunmaktadir!. Teknolojik zorluklar; yiiksek teknoloji maliyetleri,
teknik bilgi eksikligi, operasyon ve bilgisayar tabanli faaliyetler i¢cin kaynak ve teknolojik cihaz
eksikligi ve/veya yetersizligi, teknik arizalar (ag hatalari, zayif ag ve siber giivenlik tehditleri
gibi) olarak belirlenmistir. Geleneksel zorluklar; Sosyo-politik, ekonomik ve ¢evresel faktorler,
ilgi eksikligi, korku, teknolojilere ve teknolojik yeniliklerin benimsenmesine yonelik olumsuz
tutum, operasyon ve hizmet sunumunda geleneksel yontemleri modern dijital yontemlere tercih
etmek, kiiltiirel faktorler olarak belirlenmistir. Ancak bu zorluklarin 6nemleri ve oncelikleri
(yazarlarin birka¢ yorumu disinda) analiz ile siralanmamustir.

Bu ¢alismada yapay zekanin benimsenmesinde karsilagilan zorluklarin 6ncelik sirasi, uzman
goriigleri alimarak Bulanik Analitik Hiyerarsi Proses yontemiyle bulunmustur. Calismanin
amaci basaril bir proje yonetimi i¢in stratejik yonetim ve yapay zekanin 6niindeki zorluklarin
onceliklerinin belirlenmesiyle bu konuya dikkat ¢cekerek 6nlem alinmasini saglamak icindir.

Anahtar Kelimeler: Yapay Zeka, Stratejik Yonetim, Cok kriterli karar verme, Bulanik AHP.

1. GIRIS

! Thuraka, B., Pasupuleti, V., Malisetty, S., & Ogirri, K. O. (2024). Leveraging artificial intelligence and strategic
management for success in inter/national projects in US and beyond. Journal of Engineering Research and
Reports, 26(8), 49-59.
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Yapay zeka yontem ve tekniklerinin kanitlanmis verimliliklerine, performanslarina, farkl
sorunlara getirdikleri ¢dziimlere ve yasamin farkli alanlarina yaptiklar biiyiik katkilara
dayanarak farkli alanlarda basartyla uygulanmakta oldugunu gérmekteyiz. Aynit zamanda bu
basar1 ile birlikte beraberinde bazi uygulama zorluklarinin da oldugunu bilmekteyiz. Farkli
alanlarda uygulama zorluklar1 hakkinda literatiirde ¢aligmalar bulunmaktadir.

Bu ¢alismada yapay zekanin benimsenmesinde karsilagilan zorluklarin oncelik sirasi, uzman
goriigleri alimarak Bulanik Analitik Hiyerarsi Proses yontemiyle bulunmustur. Calismanin
amaci basaril bir proje yonetimi i¢in stratejik yonetim ve yapay zekanin dniindeki zorluklarin
onceliklerinin belirlenmesiyle bu konuya dikkat ¢cekerek 6nlem alinmasini saglamak igindir.

2. PROJE YONETIMI, STRATEJIK YONETIM VE YAPAY ZEKA

Proje YoOnetimi Onceden karar verilmis amag, maliyet, zaman ve kalite Oncelikleri
dogrultusunda yeni yonetim tekniklerini uygulayarak proje siiresi boyunca insan ve malzeme
kaynaklarin1 yonetme ve organize etme sanatidir.

Stratejik yonetim ise stratejik planlama ile degisimi yonetmektir. Stratejik yonetimi uygulayan
ve benimseyen kurum ya da devletler hatta kisiler planlama yaparak daha verimli is yapacaklar
ve bu isi yaparken harcadiklar1 zamani ve emegi degerlendirerek Oncesi ile bir kiyas
yapabileceklerdir ve olas1 durumlar hakkinda dngoériileri planlama asamasinda olusacagi igin
de onlem alip gelistirme ve iyilestirme yapabileceklerdir. Stratejik yonetimde basta insan
hatalarin1 minimize etmek olmak tizere verimlilik, hiz, dogruluk gibi unsurlar1 da artirmak i¢in
yapay zekanin kullanilmasi1 6nem arz etmektedir.

Yapay zekanin farkli alanlar1 veya alt alanlar1 vardir. Bunlar arasinda asagidaki alanlar yer
almaktadir [1];

Makine Ogrenimi (ML)
Derin Ogrenme (DL)

Dogal Dil Isleme (NLP)
Nesnelerin Interneti

Robotik

Robotik Siire¢ Otomasyonu
Pekistirmeli Ogrenme
Bilgisayarla Gorme

Dijital Goriintli Analizi

Bina Otomasyon Sistemleri
Yenilenebilir Enerji Sistemleri
Akillt Su Yonetim Sistemleri
Canny Kenar Dedektorii

Yapay zekanin islevi farkli islevleri yerine getirirken yapay zeka teknolojileri ve yontemlerinin
faydalarii sergilemesidir. Yapay zekanin beklentilerini olusturan baslica islevleri verimli
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planlama, etkinlik performansi, proje faaliyetlerinin basarilarinin 6ngériilmesi, maliyetlerin
hesaplanmasi vb.dir.

Thuraka ve arkadaglarinin (2024) [1] literatiire katki olarak sagladigi temel konular yapay
zekanin faydalarimi bize 6gretmistir. Cevresel bozulmanin etkin bir sekilde azaltilmasi ile
alakali yapilan Ongoriiler, giivenlik tehditlerinin tespiti ve tahmin edilmesinin etkin olarak
kullanilmasi, is yeri giivenliginin saglanmasi, risklerin proaktif olarak azaltilmasi, gelismis
giivenlik garantisi, gercek zamanl tehlike tespiti, gelistirilmis olay raporlama ve miidahale
kavramlandir.

Bilgi ve iletisim teknolijisinin kullanilmasi ile ortaya giivenlik ag¢ikliklari ¢ikmis ve beraberinde
internet diinyasinin giivenligini saglamaya yonelik tiim eylemler ve faaliyetler

siber glivenlik olarak adlandirilmistir. Siber giivenlikle alakali gelisen sebeplerden ve giivenlik
endisesinden dolayr Amerika Birlesik Devletleri, Hindistan Endonezya, Giiney Afrika gibi
iilkeler siber giivenlikle alakali yasa ve devlet organlar1 insa etmis lakin sanal alemdeki
kotiiliikler devam etmektedir. Devletler ve sirketler giivenliklerini saglamak icin ¢ok ciddi
biit¢eler ayirmaktadir [1].

Bulama ve Shirivastata’ya [2] gore biyometri siber giivenlikle miicadelede etkin bir
mekanizmadir ¢linkii biyometri sayesinde olusan veri havuzunda ulasilmak istenilen kisiye ¢ok
rahat ve hizli ulasilmaktadir. Motiwala’ya gore diinyadaki farkli uluslararasi giivenlik
birimlerinin giiclendirilmesi ve diizenli olarak egitim verilip gerekli ihtiyag¢larinin karsilanmasi
gerekmektedir [3].

Cizelge 1. Yapay zekanin yonetimsel iglevleri (Kaynak: Thuraka ve ark., 2024)

Fonksiyonlar Almtilar
Uyum Y o6netimi Obiuto ve digerleri (2024) [4]
Verimli Planlama Singh (2024) [5]

Proje  faaliyetlerinin ~ ve  basarisinin | George ve digerleri(2022) [6]
ongorulmesi

Etkinlik Yigitcanlar ve digerleri (2020) [7]
Acrtis Gelistirilmis Performans Kamble ve Gaikwad (2024) [8]
Etkin Proje Planlanmasi Obiuto ve digerleri (2024) [4]
Maaliyetlerin azaltilmasi Regona ve digerleri (2023) [9]
Etkin Guvenlik Yontemi Kamble ve Gaikwad(2024) [8]
Etkin is ve proje riskleri yonetimi George ve digerleri (2022) [6]

Srivastava (2021) [10]
Yigitcanlar ve digerleri (2020) [7]
Jarrahi(2018) [11]

Tahmin, tespit ve saha giivenliginin | Bidhendi ve Azizinin (2021) [12]
saglanmasina yardimci olur Juhrich (2023) [13]

60| Page



AKDENIZ 13th International Conference On Applied Sciences - January 3 — 5, 2025 - Kyrenia
Proceeding Book - ISBN NR: 978-625-5962-15-7

Temel yonetsel islevleri yerine getirdigi i¢in yapay zekanin yonetimdeki yerini teyit eden
mevcut literatlir oldugunu gostermektedir (Cizelge 1). Yukaridakiler gz oniine alindiginda
yapay zekanin Amerika Birlesik Devletleri ve otesinde her tiirlii ulusal ve uluslararasi
projelerde katalizor olabilecegi aciktir.

Cizelge 2. Yapay zekanin islevleri (Kaynak: Thuraka ve ark., 2024)

Fonksinyonlar Almtilar

Cevresel bozulmanin etkin bir sekilde | Adefemi ve digerleri (2023) [14]
azaltilmasi George ve digerleri (2022) [6]
Giivenlik tehditlerinin tespit edilmesinin | Juhrich (2023) [13]
kolaylastirilmasi- isyeri guvenliginin

saglanmasi

Risklerin proaktif olarak azaltilmasi Bulama ve Shirivastata (2022) [2]
Gelismis guvenlik garantisi George ve digerleri (2022) [6]
Gercek zamanli tehlike tespiti Thakkar ve Lohiya (2021) [15]
Gelistirilmis olay raporlama ve mudahale Baker ve digerleri (2020) [16]

Yapay zekanin insan ¢abalarinin ¢esitli alanlarinda giivenligin saglanmasinda 6nemli islevleri
oynadig1 cizelge 2’den anlasilmaktadir. Yani yapay zeka teknolojileri ve teknikleri, igyeri
icinde ve disinda giivenligi saglamak ve elde etmek amaciyla da dahil olmak iizere gesitli
sekillerde kullanilabilir. Yukarida belirtilenlerden de anlasilacagi lizere yapay zeka ile her tiirlii
uluslararasi/ulusal projeye yonelik farkli riskler 6ngoriilebilir, tespit edilebilir ve proaktif olarak
ele alinabilir. Bu sayede projelerin bagarili bir sekilde yiiriitiilmesi garanti altina alinmaktadir.

Yapay zeka hayatimiza girdigi andan itibaren bazi zorluklar1 beraberinde getirmistir. Teknik
olarak bakildig1 zaman siirekli kolayliklar1 ile anilan yapay zeka zorluklari da beraberinde
getirmektedir. Konuya geleneksel ¢er¢eveden bakildigr zaman ekonomik olarak her kesimden
insanin bu teknolojiye ulagsmas1 ve kabullenmesi, konu hakkinda ilgisinin olmamasi, teknolojik
olarak yeniliklere yonelik olumsuz tutum, kiiltiirel faktorler yapay zekayi benimsemenin
zorluklar1 arasindadir. Operasyon ve hizmet sunumunda geleneksel yontemleri modern dijital
yontemlere tercih etmek hatta korku da bu da zorluklar arasindadir. Korku 6zelinde sdyleyecek
olursak insan bilmedigi seylerden korkabilir ve ilgisi olmadig: takdirde yapay zekay1 tamamen
kotii olarak nitelendirebilir (Thuraka ve ark. 2024).

Yiiksek teknoloji maliyetleri, teknik bilgi eksikligi ve yetersizligi, operasyon ve bilgisayar
tabanl faaliyetler i¢in kaynak ve teknolojik cihazlarin eksikligi ya da yetersizligi, ag hatalar
ve siber givenlik tehditleri gibi arizalar ise yapay zeka benimsenirken geleneksel olmayan
zorluklardandir. Oyle ki askeri olarak gelistirilen bir projeyi tamamen yapay zeka merkezli bir
sistem lizerine insa edilirse zayif ag durumunda proje yarim kalabilir ya da olas1 bir siber saldir
da ciddi bir giivenlik aci1g1 ortaya ¢ikabilir [1].
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3. UYGULAMA

Proje yonetiminde basar1 elde etmek i¢in yapay zeka ile desteklenmis stratejik yonetimden
yararlanilmaktadir. Bu konuda yapay zekadan beklentiler giderek artmakta ayni zamanda
akademik caligmalarda artan hizla yapilmaktadir. Stratejik yonetim hangi sektor ve alanda
kullanilirsa kullanilsin daha optimal kararlar almak, insan hatalarini azaltmak, gelecek hedefleri
tahmin etmek, ger¢cek zamanli performans analizi yapmak gibi bir¢ok neden i¢in yapay zekadan
faydalanilmasi gerekmektedir. Ayn1 zamanda yapay zekanin benimsenmesinde alisilmadik bazi
zorluklarin da varlig1 s6z konusudur. Literatiirde bu zorluklari teknolojik ve geleneksel olarak
ikiye ayiran ¢aligsmalar bulunmaktadir.

Cizelge 3. Teknolojik Zorluklar (Kaynak: Thuraka ve ark. 2024)
No. | Teknolojik Zorluklar

Yiiksek teknoloji maliyetleri

2 | Teknik bilgi eksikligi (ve yetersizligi)
Operasyon ve bilgisayar tabanli faaliyetler icin kaynak ve teknolojik cihaz eksikligi
3 | ve/veya yetersizligi

Ag hatalari, zayif ag gibi teknik arizalar
5 | Siber giivenlik tehditleri

Cizelge 4. Geleneksel Zorluklar (Kaynak: Thuraka ve ark. 2024).
No. | Teknolojik Olmayan Geleneksel Zorluklar
Sosyo-politik, ekonomik ve ¢evresel faktorler
ilgi eksikligi
Korku

HWIN |-

Teknolojilere ve teknolojik yeniliklerin benimsenmesine yonelik olumsuz tutum
Operasyon ve hizmet sunumunda geleneksel yontemleri modern dijital yontemlere
5 |tercih etmek

6 Kaltrel faktorler

Basaril1 bir proje yonetimi i¢in yapay zeka destekli stratejik yonetimin Oniindeki zorluklarin
belirlenmesi ve hangi zorlugun daha oOnemli oldugu belirlenerek bununla basa ¢ikma
stratejilerinin belirlenmesi gerekmektedir. Calisma bu merkezden hareketle yapilmustir.

Teknolojik ve geleneksel zorluklarin onceliklendirilmesi i¢in 1 akademisyen, 2 lisans tistii
Ogrencisi, 6 sahada ¢alisan alan uzmani olmak iizere toplan 9 katilimcidan bilgi alinmistir.

Analizde Bulanik Analitik Hiyararsi Prosesi (BAHP) yontemi kullanilmigtir. Analizde
Chang’in (1996) BAHP prosediirii kullanilmistir.

Teknolojik ve geleneksel zorluklarin kriterleri 9 katilime1 tarafinda BAHP prosediiriine uygun
olarak degerlendirmislerdir. Analiz sonuglar1 ¢izelge 5 ve Cizelge 6’da gosterilmistir.
Katilimcilarin verdigi bilgilerin tutarlilik oran1 (CR) < 0,1°den kiigiik olmas1 % 90 tutatlilig1
gostermektedir. Analizde teknolojik zorluklar i¢in CR=0,05 bulunmustur. Analiz % 95
tutarlidir. Geleneksel zorluklar i¢in ise i¢in CR=0,04 bulunmustur. Analiz % 96 tutarhidir.

62 |Page



AKDENIZ 13th International Conference On Applied Sciences - January 3 — 5, 2025 - Kyrenia
Proceeding Book - ISBN NR: 978-625-5962-15-7

4. GENEL DEGERLENDIRME VE SONUCLAR

Teknolojik zorluklarda en yliksek agirlik %68,77 ile “siber giivenlik tehditleri” i¢in verilmistir.
Ikinci sirada “yiiksek teknoloji maliyetleri” % 13,68 agirlikla yer almaktadir. Ugiincii sirada ise
“ag hatalar1, zayif ag gibi teknik arizalar” yer almakta ve %11,17 agirlik degeri vardir. Burada
dikkat ¢ekilmesi gereken konu ise ilk sirada yer alan siber giivenlik tehditleri konusunun yiiksek
bir fark ile ilk sirada yer almasidir. Katilimcilar siber giivenlik tehditlerine ¢ok dikkat
cekmektedir.

Cizelge 5. Teknolojik zorluklar agirliklar

TEKNOLOJIK ZORLUKLAR Wi CR
Yiiksek teknoloji maliyetleri 0,136883
Teknik bilgi eksikligi (ve yetersizligi) 0,016378
Operasyon ve bilgisayar tabanli faaliyetler icin kaynak ve 005
teknolojik cihaz eksikligi ve/veya yetersizligi 0,041695 ’
Ag hatalari, zayif ag gibi teknik arizalar 0,117331
Siber glvenlik tehditleri 0,687713

Geleneksel zorluklarda en yiiksek agirlik %25,04 ile “kiiltiirel faktdrler” igin verilmistir. Tkinci
sirada “korku” % 22,86 agirlikla yer almaktadir. Uciincii sirada ise “Operasyon ve hizmet
sunumunda geleneksel ydntemleri modern dijital yontemlere tercih etmek” yer almakta ve %21,80
agirlik degeri vardir. Burada teknolojik zorluklarda oldugu gibi bir konu iizerine yigilma
olmadigi goriilmektedir. Ancak burada dikkat ¢ceken konu ise ilk i¢ maddenin de kurum kiiltiirii
ile baglantili konular olmasidir.

Cizelge 6. Geleneksel zorluklar agirliklari

Teknolojik Olmayan Geleneksel Zorluklar Wi CR
Sosyo-politik,ekonomik ve gevresel faktorler 0,051229

ilgi eksikligi 0,069593

Korku 0,228606
Teknolojilere ve teknolojik yeniliklerin benimsenmesine 0,04
yonelik olumsuz tutum 0,182044
Operasyon ve hizmet sunumunda geleneksel yontemleri

modern dijital yontemlere tercih etmek 0,218081

Kiltirel faktorler 0,250447

Yapilan bu caligma, proje yonetiminde daha basarili olabilmek i¢in yapay zeka destekli stratejik
yonetimden yararlanilirken karsilagilan zorluklardan hangilerini 6ncelikli olarak ele alinmasi
ve Oncelikle hangi zorluk ile basa ¢ikilmasi gerektigini belirlemek amaci ile yapilmistir.

Bir sonraki calismada katilimci sayisi artirilabilir, diger bulanik c¢ok kriterli karar verme
teknikleri ile etkilesimli analizler yapilabilir.

KAYNAKCA
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ABSTRACT

This study presents the development of a real-time simulation environment programmed in
Python. It utilizes state-machine architecture to ensure timing control and real-time execution
of user-defined functions at specified sampling intervals. This enabled the simulation of
physical systems and data acquisition processes for testing and implementing signal processing
and control algorithms. The Python-based environment has been developed as open-source
software, allowing users to modify and extend its functionality which can operate compatibly
with real-time simulation modes, software-in-the-loop and control prototyping modes. For
control prototyping mode testing, a DC motor control system was implemented as a using an
STM32 microcontroller. The implementation establishes communication between the Python
environment and the microcontroller through the universal asynchronous receiver/transmitter
protocol, where the microcontroller reads encoder data for counter, sends data to Python
environment and executes commands. Then, Python environment makes decisions using
integrated Proportional-Integral-Derivative (PID) controller and Pulse Width Modulation
(PWM) techniques for DC motor drive control. The error is generated based on the speed of the
DC motor and controller signal changes to PWM signal duty. This change directly affects the
motor speed to ensure that the motor speed remains at the reference signal. For software-in-the-
loop mode testing, a DC motor mathematical model was implemented in the Python

environment with PID controller for motor speed control.
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1.INTRODUCTION
With the increasing complexity of design projects and the parallel growth in supervision

requirements, the need for testing created models has grown significantly [1]. One prominent
solution to address this need is the creation of real-time simulation environments, which have
gained substantial attention in the literature [2]. Real-time simulation environments allow for
the evaluation of the real-world performance of systems or events under controlled and safe
conditions [3]. Such simulation environments provide a secure platform for refining system
performance without real-world risks, and they have been widely employed in autonomous
driving simulations, enabling functionalities such as lane detection, road prediction, and model

comparison [4].

In simulation environments, control prototyping and software-in-the-loop (SIL)
implementations have emerged as crucial methodologies, enabling the implementation and
validation of control algorithms across various applications, from power systems to complex
nonlinear systems [5]. These simulation environments have become essential tools for testing
and validating complex control systems. In one study, a low-cost and user-friendly control
prototyping system based on the Arduino Uno, MATLAB/Simulink, and customized
hardware/software add-ons were introduced. This approach was demonstrated on an air
suspension system, where a mathematical model is formulated, and a controller is designed,
tested in SIL, and experimentally validated [6]. In another study, researchers developed
frameworks for the implementation of SIL configurations for testing critical components such
as automatic voltage regulators and power oscillation damping controllers, ensuring secure grid
operation under evolving conditions [7]. In another study, researchers implemented a real-time
control prototyping system for precise manufacturing of metallic strips. The system enables
direct controller deployment from the simulation environment to hardware, while modeling
system dynamics and actuator bandwidth requirements demonstrates the effectiveness of
model-based development in industrial applications [8]. The implementation of real-time
simulation extends to education, where control prototyping methods have revolutionized
control education. Educational institutions have recognized that utilizing consistent software
tools throughout the learning process provides students with a more practical understanding of

control systems [9].
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This study presents an open-source real-time simulation environment designed to provide an
alternative to software-based simulation solutions. The developed environment offers a flexible
framework that users can modify and enhance according to their specific needs. The system
architecture is built using Python-based object-oriented programming principles, which have
emerged as an effective approach for developing complex software systems. This software
development technique enhances system flexibility and reusability by transforming real-world
concepts into software components [10]. The object-oriented structure has been developed to
accommodate two real-time simulation modes: control prototyping and SIL. To demonstrate
and validate these simulation modes, the environment was tested using a DC motor system with

both physical hardware integration and mathematical model implementations.

The sections related to this study are as follows: The second section details the materials and
methods, including the state machine architecture, hardware components, and software
implementations for both control prototyping and SIL modes. The third section presents the
results and discussion, demonstrating the performance of the developed environment through
DC motor control experiments in both simulation modes. The fourth section presents
conclusions and recommendations for future work, followed by acknowledgments and

references.

2.MATERIALS AND METHOD

The system design and sample projects consist of hardware and software phases. For hardware
implementation, an STM32L053R8 microcontroller, L298N motor driver, and JGA25-370
Geared Motor with Encoder were utilized. These components were used to implement speed
control of the DC motor. Universal Asynchronous Receiver Transmitter (UART) protocol
enables communication between the microcontroller and Python environment. The
microcontroller is programmed using STM32CubelDE and the Python environment

implements Proportional-Integral-Derivative (PID) control algorithms.

The core structure for executing the real-time simulation environment has been developed in
Python using object-oriented style code. The object code developed to run a real-time
simulation that executes a user-defined process function with specified simulation duration and
sampling period to ensure the simulation progresses in real-time. A state machine system has
been implemented to manage this progression. The structure of the state machine is illustrated

as a flow diagram in Figure 1.
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The state machine consists of seven main states: The Setup state function checks for the
presence of a serial connection, determines the appropriate initial state, and initiates time
measurement. The Process state function performs the main simulation computation, evaluates
whether there is sufficient time, and handles timeout conditions when necessary. The Update
state function refreshes simulation parameters and checks if the simulation has been completed.
The Wait state function completes the designated waiting period before updating operations.
The Overflow state function manages timeout situations and calculates appropriate waiting
periods. The Serial Connection state function reads and stores data. Finally, the End state
function presents general summary and performance information at the simulation's conclusion

and terminates the simulation

Setup State
No_‘__..---"" Are the installation
Qﬁ\Fameters correct? ]
,..»-"I'-'I-as a Seri.é‘[“x\_\

"‘~.“g5tablis hed "

|

l Process State - Serial State

‘ < Connection been ><———

The custom function
is executed. No

‘__._..-rs"'lé-l.:-apsed Time greater-'l-ﬁ'é[n-..____a_N . Dy __Has the simulation t.i\fﬁe..\b
Sample Time? o= p \ expired? ,~

Overflow State Finish State

Figure 1. State machine flow chart

2.1 Hardware Design

The developed system contains an STM microcontroller, a dual-motor driver, and a
geared motor with an encoder. These components are connected with electrical connections;
the details of them are given in the following sub-sections subsequently.

2.1.1 STM32L053R8 microcontroller
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STM32L053R8, a member of the STM32 microcontroller family, is a chip model that
combines low power consumption with high-performance capabilities. This microcontroller
includes essential peripherals required for control prototyping mode testing, such as UART and
General-Purpose Input Output (GPIO). STM32CubelDE was used for programming this
microcontroller. The STM32L053R8 microcontroller is shown in Figure 2.

Figure 2. STM32L.053 [11]
2.1.2 L298N Dual Motor Driver

The L298N is a motor driver board designed for controlling bidirectional DC motors
and stepper motors. Through its H-bridge configuration, it enables control of motor direction

and motor speed regulation using Pulse Width Modulation (PWM) signals. The L298N dual
motor driver is shown in Figure 3.

IRPP Y P

Figure 3. L298N Dual Motor Driver [12]

2.1.3 JGA25-370 Geared Motor with Encoder

The JGA25-370 Geared Motor with Encoder is a motor that operates at 6V and 12V

working voltages. Its encoder enables position tracking of the motor. The JGA25-370 geared
motor is shown in Figure 4.
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Figure 4. JGA25-370 Geared Motor [13]

2.1.4 Hardware Connections

The hardware connections were established using these components. In this
configuration, two GPIO output pins and one PWM pin extend from the STM32 to the L298N.
The motor power connections are made through the L298N driver module, while the motor
encoder is connected to the STM32 via two GPIO input pins to enable feedback. Additionally,
the encoder's ground line is unified with the STM32's ground line, and the system's power
supply is delivered through the L298N's power source. The resulting hardware connections
from this setup are illustrated in Figure 5.

Figure 5. Hardware Connections

2.2 Software Design

This section examines how the host computer and STM32 software are configured and
how the control algorithm maintains the motor at the desired speed.
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2.2.1 STM32 Code for Control Prototyping Mode

The microcontroller code enables data communication and motor control through
UART and timer using the STM32 microcontroller. The UART interrupt function captures
incoming data into a buffer and processes it once the data transmission is complete. The code
implementing these operations is shown in Figure 6.

75 #define MainBuf SIZE 20

76 uint®_t RxBuf[1];

77 uint®_t MainBuf [MainBuf_ SIZE];

78 uintf_t rxLen = 0;

79 bool uartDataComplete = false;

0 bool uartCallbackComplete = false;

82=void HAL UART RxCpltCallback (UART_HandleTypeDef *huart)
83 {

84 HAL_UART_Receive_IT (shuart2, RxBuf, 1);
5 if (huart->Instance == USART2)
{
MainBuf [rxLen++] = RxBuf[0] & 0xFF;

uartcallbackComplete = true;
9 }
50 }

©2 wolatile uint32_t counter = 0;

93 volatile uint8_t counterSendBuffer[4];
94 uint8_t end[] = {10}; // \n value

S uint32_t pwm_value;

56 uint32_t iterationCountRead = 0;

©7 uint32 t iterationCountProcess = 0;

9 uintg_t CountAlkim = 0;

101=void HAL TIM IC CaptureCallback(TIM_ HandleTypeDef *htim)
2t
1 if (htim-—>Instance == TIM2){
104 counter = _ HAL TIM GET COUNTER (htim); // ICERIDEKI TIM->CNT
105 )
6}

Figure 6. Interrupts and Variables

When a "READ" command is sent through UART, the timer counter value is transmitted
back via UART. The "DF" and "DB" commands utilize GPIO pins to control the motor
direction, while the "S" command generates a PWM signal to adjust the motor speed. After
each command execution, the program clears the buffer and prepares it for new data.
Additionally, the code implements LED blinking at specified intervals. The code implementing
these operations is shown in Figure 7.

wnile (1)

Figure 7. Main Loop
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2.2.2 Proportional-Integral-Derivative (PI1D) Control Algorithm

The control algorithm system is designed to ensure motor speed remains at the desired
speed. A PID controller in a closed-loop system calculates the error value by comparing the
system's input and output, and then computes a control signal using proportional, derivative,
and integral gain coefficients based on this error value [14]. A diagram of a parallel-structured
PID controller is presented in Figure 8. The PID controller algorithm can be expressed as shown
in Equation 1.

K, -e(t) —l

+
r(t) e(t) u(t) y(t)
—{ = K [fe(r)dr ——> ¥ ——> fent] >

s +

Kifelt) —T

Figure 8. PID Controller Diagram
u(t) = Kpe(t) + K; J, e(t)dr + Kg=-e(t) )

In this equation, K,, represents the proportional constant, K; represents the integral
constant, K; represents the derivative constant, u(t) represents the reference signal, and e(t)
represents the error signal.

2.2.3 Pulse Width Modulation (PWM)

When the PID result generated in the Python-based real-time simulation is transmitted
to the microcontroller, PWM is generated to control the motor speed according to this PID
value. PWM produces a square wave signal, and the duty cycle of this signal is taken as a
reference.

2.2.4 Python Code for Control Prototyping Mode

This example application emulates a PID control algorithm and records data as time-
measured counts. The code utilizes the Real-Time Pacer (RTP) class to execute a user-defined
process function (someFunction) at regular intervals. This function sends various commands
using output from a PID controller and simulates motor control. The someFunction analyzes
the motor state and transmits direction (DF/DB) and speed (S) commands via serial
communication based on the PID control output. The simulation runs for a specified duration,
and upon completion, the PWM signal is terminated as in Figure 9.
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def someFunction(): SIMULATION_TIME = 15
global i, counters, rpm_values, time_values, pid, previous_counter SAMPLING_PERIOD = 0.1
counter = int.from_bytes(rtp.serial_values[i], byteorder='big') rtp = RTP(someFunction, SIMULATION_TIME, SAMPLING_PERIOD,
counters.append(counter) e serial_port='COMS', serial_baudrate=115200, serial_char_size=4)
cps = (counter - previous_counter) / SAMPLING_PERIOD 53
rpm = cps * (60 / 42500) * 190
print("RPM: *, rpm)

1usage new ™

rpm_values.append(rpm) def giveMax():

previous_counter = counter

timer.tic()
u = pid(rpm) rtp.send_serial("DFS")
TR ©.
print(*u *, v) rtp.send_serial(100)
pwm = abs(last_pwm + int(u))
rtp.send_serial("\n")
print("PWM: ", pum)
time.sleep(8.1)
If pwm > 100:
4 pum = 10¢]

rtp.send_serial("NNS")

rtp ial(pwm) 1usage new *
rtp.send_serial("\n") def finish_pwm():
serial("NNS")
ial(e)

serial("\n")

rtp.send_

last_pwm = pum
i4=1 rtp.send_

time_values.append(timer.toc()) rtp.send_

Figure 9. User-defined Function and RTP Class
2.2.5 Python Code for Software-In-The-Loop

In this approach, system behavior has been modeled in Python using differential
equations derived from motor physical parameters. The modeled system incorporates the motor
fundamental physical properties and state variables. The motor parameters are defined as
moment of inertia (J), friction coefficient (b), motor constant (K), armature resistance (R), and
armature inductance (L). The motor instantaneous state is monitored through angular velocity
(omega) and current (i) variables. A PID controller has been implemented for system control.
The controller generates an appropriate control signal by utilizing the difference between the
target angular velocity and the motor’s actual speed. The generated control signal is applied to
the motor as a voltage value constrained between -24V and +24V. The simulation operates for
the specified sampling period and total duration, with the motor state being updated and data
recorded at each step. These operations are illustrated in Figure 10.

motor = DCMotor()
time_values = []

new * speed_values = []
def __init__(self, J=0.1, b=0.1, K=0.81, R=1, L=0.5): setpoint_values = []

voltage_valves = []

current_values = []

setpoint = 6.3
pid = PID(Kp=1080, Ki=1, Kd=0.825, setpoint=setpoint)

n
~ = = o

pid.output_limits = (-24, 24)

self.omega = 0 1usage new*

1f.i = © def someFunction():
global time_values, speed_values, setpoint_values, voltage_values

current_time = len(time_values) * SAMPLING_PERIOD

1usage new*
< motor_feedback = motor.omega

def update(self, voltage, dt): voltage = pid(motor_feedback)

d_omega = (self.K * self.i - self.b * self.omega) / self.J motor.update(voltage, SAMPLING_PERIOD)
d_i = (voltage - self.R * self.i - self.K * self.omega) / self.L time_values.append(current _time)
speed_values.append(motor.omega) TODO

. setpoint_values.append(setpoint)
self.omega += d_omega * dt

voltage_values.append(voltage)
self.i += d_i = i
seif.1 11 at ® current_values.append(motor.i)

Figure 10. User-defined function and DC motor class
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3. RESULTS AND DISCUSSION

In the control prototyping mode test, the motor was brought to the desired speed. The PID
controller was configured with a target speed value of 160 rpm, K,,=0.5, K;=0.1, and K,=0. The
simulation time was set to 15 seconds with a sampling period of 0.1 seconds. When the provided
Python code was executed with these parameters, the system demonstrated that the selected
PID parameters and real time pacer class provided effective control for this motor application.
The resulting change in motor speed over time is shown in Figure 11.

180

160
£ 1401
4

120

100 4

0 2 4 6 8 10 12 14 16
Time (S)

Figure 11. Time Evolution of Motor Speed

In the SIL mode test, results present the performance analysis of a DC motor control system
utilizing a PID controller with parameters K,=10, K;=12, and K,=0. The angular velocity
response demonstrates control characteristics, achieving the target speed of 0.3 rad/s with an
overshoot of 13% at t=3s before stabilizing at the setpoint by t=6s. The system exhibits a
minimal steady state. This behavior aligns with theoretical expectations for DC motor operation
under closed-loop control. The implemented voltage limits of +24V ensure safe operation while
maintaining control effectiveness. The overall system response indicates that the selected PID
parameters successfully balance response time with stability requirements, making this
configuration suitable for motor control applications. The resulting change in motor speed over
time is shown in Figure 12.

DC Motor Speed Control

Time (s)

Figure 12. Angular Velocity and Current Profiles
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4. CONCLUSIONS AND RECOMMENDATIONS

This study focuses on the design and implementation of a Python-based real-time simulation
environment for control applications, demonstrated through DC motor control implementation.
As a result, the developed environment has proven to be an effective platform for both control
prototyping and SIL modes testing. Its flexible architecture allows for the implementation of
various control strategies through the state machine system, and future studies are expected to
explore more advanced control algorithms and extended hardware capabilities. This study
contributes to the advancement of real-time control system development and educational
applications in control engineering.
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DEMLENMIS CAY ATIGI KULLANIMININ POLIMER KOMPOZIiTLERIN
FiZiKSEL VE MEKANIK OZELLIKLERINE ETKIiSi

Dr. Ogr. Gor, Hasan POLAT
Bingol Universitesi, hpolat@bingol.edu.tr- 0000-0003-1521-0695
OZET

Bu calismada, demlenmis cay atiginin (DCA) takviye malzemesi olarak kullanildig1r doymamis
polyester regine esasli polimer kompozitlerin mekanik ve fiziksel 6zellikleri incelenmistir.
Kompozitlerde, baglayict olarak doymamis polyester recine ve takviye olarak standart CEN
kumu ile DCA kullanilmistir. Kompozit numuneler, hacimce %50 polyester ve %50 standart
CEN kumundan olusan kontrol grubu ile birlikte, CEN kumunun %15, %30, %45 ve %60’ 1nin
DCA ile yer degistirilmesiyle iiretilmistir. DCA takviyeli polimer kompozitlerin yogunluk, su
emme, porozite, basing dayanimi ve ultrases gegis hizi gibi 6zellikleri incelenmistir. Cay
atiginin orani arttik¢a, yogunluk, basing dayanimi ve ultrases gegis hiz1 degerlerinde azalma
gbzlemlenmigtir. Buna karsin, porozite ve su emme degerlerinde ise artis meydana gelmistir.
Sonug olarak, bu kompozitlerin hafif yap1 malzemesi ve yalitim gibi ¢evresel siirdiiriilebilirlik
gerektiren uygulamalarda kullanilabilecegi sonucuna varilmaistir.

Anahtar Kelimeler: Demlenmis ¢ay atigi, Polimer kompozitler; Mekanik 6zellikler, Fiziksel

ozellikler

THE EFFECT OF BREWED TEA WASTE USAGE ON THE PHYSICAL AND
MECHANICAL PROPERTIES OF POLYMER COMPOSITES

ABSTRACT

In this study, the mechanical and physical properties of unsaturated polyester resin-based
polymer composites reinforced with brewed tea waste (BTW) were investigated. In the
composites, unsaturated polyester resin was used as the binder, while standard CEN sand and
BTW were used as reinforcements. The composite samples were produced with a control group
consisting of 50% polyester and 50% standard CEN sand by volume, along with additional
samples where 15%, 30%, 45%, and 60% of the CEN sand were replaced with BTW. The
properties of polymer composites reinforced with BTW, including density, water absorption,
porosity, compressive strength, and ultrasonic pulse velocity, were investigated. As the
proportion of tea waste increased, decreases were observed in density, compressive strength,
and ultrasonic pulse velocity values. Conversely, increases were observed in porosity and water
absorption values. In conclusion, it was determined that these composites could be utilized in
applications requiring environmental sustainability, such as lightweight construction materials
and insulation.

Keyword: Brewed tea waste, Polymer composites, Mechanical properties, Physical properties
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1. GIRIS

Demlenmis cay atildigi, diinya ¢apinda yaygin olarak tiiketilen ¢ayin bir yan iirlinii olarak
ortaya cikmakta ve genellikle atik olarak degerlendirilmektedir. Ancak bu atiklarin geri
doniistimii ve yeniden kullanimi, stirdiiriilebilirlik agisindan 6nemli bir firsat sunmaktadir [1].
Demlenmis cay atig1 6zellikle kentsel alanlarda cay tiiketimindeki kiiresel artig nedeniyle atik
madde olarak birikmektedir. Yilda yaklasik bes milyon tona ulastigi [2] rapor edilmistir. Bu
atiklarin yalmizca kiigiik bir kismi1 degerlendirilirken, ¢ogu rastgele yakma veya ¢oOpliik
faaliyetleriyle bertaraf edilmektedir. Kaynaklarin bu sekilde uygunsuz kullanimi, ¢evre kirliligi
noktasinda 6nemli bir sorun haline gelmistir [3,4]. Ayrica bu durum potansiyel olarak degerli
kaynaklar tiiketmekle kalmaz, ayn1 zamanda diinya atmosferindeki sera gazi emisyonunu da
artirir [4].

DCA kati bir biyokiitle atig1 olarak kabul edilir ve genellikle ¢evreye atilir. Tekstil endiistrisi
[5], tarimsal uygulamalar [6,8] ve hayvan yemi [9] tiretimi gibi diger endiistrilerde kullanmak
icin baz1 girisimler olmasma ragmen, etkin kullanimi smirhidir ve biiylik oOlclide
kesfedilmemistir. Rathod et al, [10] islenmemis ve stirenle islenmis %5, %7 ve %10 agirlik
oranindaki ¢ay tozlari ve polipropilen Kkullanarak iirettigi kompozitlerin mekanik ve
termofiziksel Ozellikleri test etmistir. Hayeemasae ve Ismail [11] ¢ay atig1 takviyeli dogal
kauguk kompozitlerin 6zelliklerini incelemislerdir.

Ozellikleri ve uygulamalar agisindan ¢ok yénlii olan doymamis polyesterler, kompozitlerde
polimer matris olarak kullanilan popiiler bir termoset olmustur [12]. Kompozite dolgu
malzemesi kullanilmasinin amaci, tiretim maliyetini diisiirmek, mekanik ve fiziksel 6zellikleri
iyilestirmektir [13]. Yapilan bu ¢alismada baglayici olarak doymamis polyester regine ve
takviye malzemesi olarak DCA kullanilarak ekonomik bir kompozit malzeme iiretmek
amaclanmistir. Bu amag¢ dogrultusunda, %0, %15, %30, %45 ve %60 oranlarinda DCA
kullanilarak bes farkli kompozit numune grubu tiretildi. DCA’1n polimer kompozitlerde takviye
malzemesi olarak kullanilabilirligi test etmek i¢in iiretilen bu numunelerin fiziksel ve mekanik
ozellikleri incelenmistir.

2. MATERYAL ve METOT

Yapilan bu calismada, polimer kompozit numunelerin liretiminde piyasadan temin edilen
dokiim tipi doymamis polyester recine baglayici olarak kullanilmistir. Ayrica polyester
recinenin ve monomerin sertlesme reaksiyonunu baslatmak i¢in %1 oraninda Metil Etil
Ketone Peroksit (MEKP) ve polimerizasyon reaksiyonunu hizlandirmak i¢in %0,2 oraninda
Kobalt Octoate (%6) kullanilmistir. MEKP ve Kobalt Octoate (%6) ait teknik o6zellikler
Cizelge 1-2°de verilmistir.

Cizelge 1. MEKP teknik ozellikleri

Yogunluk g/cm?® 1,16
Renk Renksiz
Aktif Oksijen Igerigi (%) 9,4-9,6
Peroksit Icerigi (%) 40

Cizelge 2. Kobalt oktoat teknik o6zellikleri
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Yogunluk g/cm?® 0,93
Gortinim S1v1

Renk Menekse mavisi
Metal icerigi (%) 5,9-6,1
Toplam kat1 icerigi (%) 30+2

Polimer kompozitlerin {iretimlerinde faz malzeme olarak, polimer kompozit 6zelliklerinin faz
malzemenin fiziksel ve kimyasal 6zelliklerinden en az diizeyde etkilenmesi i¢in (TS EN,196-1
2016) [14]’ya uygun Standart CEN kumu ve DCA kullanilmistir. CEN kumu ve demlenmis
cay atigina ait gorseller Gorsel 1°de verilmistir.

Gorsel 1. Demlenmis ¢cay atig1 (a) standart CEN kumu (b)

Polimer matrisin iiretimi i¢in doymamis polyester regine karigtirict kabina alinmis ve 90s
boyunca karistirtlmistir. Daha sonra doymamis polyester re¢cineye MEKP eklenerek 90s
karistirilmis ve son olarak kobalt eklenerek tekrardan 90s karistirilarak polimer matrisinin
iiretimi gergeklestirilmistir.

Polyester matrisi tretildikten sonra, hacimce %50 polyester %50 standart CEN kumu
kullanilarak kontrol grubu {iretilmistir. Daha sonra CEN kumu %15, %30, %45 ve %60
oranlarinda DCA ile yer degistirilerek diger kompozit numune gruplari iiretilmistir. Uretilen
polimer kompozit numuneler, uygun kosullarda kiir iglemi tamamlandiktan sonra deneysel
testler uygulanmgtir. Uretilen polimer kompozit numunelerin karisim oranlar1 Cizelge 3’de
iiretilen polimer kompozit numuneler Gorsel 2’de sunulmustur.

Cizelge 3. Polimer kompozitlerin karisim oranlari (%)
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Karisim Oranlar1 (Hacimsel %)

Numune Matris Dolgu
Kodu
Polyester CEN Kumu Ahsap Atig1

DCAO 50 50 -
DCA15 50 37,5 12,5
DCA30 50 25 25
DCA45 50 12,5 37,5
DCA60 50 0 50

~ -

Géorsel 2. Uretilen polimer kompozitler

2.2. Deneysel ¢alisma
2.2.1. Fiziksel 6zellikler
Yapilan ¢alismada fiziksel testler olarak; yogunluk, su emme ve porozite deneyleri yapildi. TS

EN 1170-6’ya [15] gore Arsimet terazisi kullanilarak elde edilen veriler yardimiyla asagida yer
alan Denklem (1), (2) ve (3) kullanilarak fiziksel 6zellikler belirlenmistir.

Goriiniir yogunluk: MO/(MO — M1) Q)
Su emme: (M2 — M0)/MO * 100 2
Porozite: (M2 — M0)/ (M2 — M1) = 100 (3)

Burada, Mo: numunenin etiiv kurusu kiitlesi, M1: numunenin sudaki kiitlesi M2: humunenin

doygun kuru ylizey kiitlesidir.
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2.2.2. Mekanik ozellikler

Basing dayanimi deneyi TS EN 12390-3 (2019) [16] standardina gore gergeklestirilmistir. Her
bir polimer kompozit numune grubundan 3 adet numune iiretilmis ve uygun sartlarda kiir
edilmistir. Basing dayanimi deneyi bu numuneler iizerinde yapilmistir. Elde edilen sonuglarin,
aritmetik ortalamalarin alinmasiyla gruplarin basing dayanimi degerleri belirlenmistir.

Ultrases gegis hiz1 testi, ASTM C597-16 (2016) [17] standardina gore yapilmistir. Deneylerde
5x5x5 cm boyutunda 3 adet numune kullamlmistir. Olgiimler sonucunda elde edilen verilerin
ortalamasi alinarak ultrases gecis hizi degerleri belirlenmistir.

3. BULGULAR ve TARTISMA
Yapilan calismada, iiretilen polimer kompozitlerin fiziksel ve mekanik 6zellikleri incelenmistir.
Yapilan deneysel ¢alismalar sonucunda elde edilen veriler Cizelge 4’de sunulmustur

Cizelge 4. Polimer kompozit numunelerin test sonuclari
Ultrases Basing

Yogunluk Suemme Porozite

Kod (g/cm?) (%) (%) ge((;rﬁ/;l)lzl dzEK/zli;;I)nl

CAO0 1,973 0,07 0,13 3828 86,74
CA25 1,513 0,36 0,54 3302 73,72
CAS50 1,418 0,60 0,85 3145 69,82
CA75 1,300 0,90 1,18 2959 62,18
CA100 1,188 1,01 1,19 2451 57,86

3.1. Yogunluk

Uretilen DCA takviyeli polimer kompozit numunelerin yogunluk degerleri Gorsel 3’de
sunulmustur. Yogunluk degerleri incelendiginde (Gorsel 3) demlenmis g¢ay atigi oranin
artmasiyla yogunluk degerlerinde kademeli bir azalma meydana gelmistir. En yiiksek yogunluk
degerli kontrol numunesinde (DCAO0) 1,973 g/cm® iken, en diisiik degerler DCA60 kodlu
numunede 1,188 g/cm?® diismiistiir. Kontrol numunesi ile karsilastirildiginda DCA15, DCA30,
DCA45 ve DCA60 kodlu numunelerde sirasiyla %39,84, %75,61, 91,06 ve 108,94 oranlarinda
azalma meydana gelmistir.

Yogunlukta gézlemlenen bu azalma, CEN kumundan daha diisiik yogunluga sahip olan DCA’1n
artan oranlarda eklenmesinden kaynaklanmaktadir. Elde edilen bulgular, literatiirde rapor
edilen benzer caligmalarla uyumlu sonuglar sunmaktadir Literatiir caligmalarinda tarimsal yan
driinler kullanilarak iretilen kompozit malzemelerin yogunluklarinin azaldig1 ifade
edilmektedir. Subba Raju et al. [18]’in ¢alismalarinda kenevir, jiit ve cam elyaf igeren
kompozitlerin yogunluklarinin lif iceriginin artmasina bagli olarak azaldigi belirtilmistir.
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Gorsel 3. Polimer kompozitlerin yogunluk degerleri

3.2. Su emme ve porozite

Uretilen DCA takviyeli polimer kompozit numunelerin su emme ve porozite degerleri Gorsel
4’de sunulmustur. Polimer kompozitlerin su emme deney sonuglari incelendiginde (Gorsel 4a),
DCA oranmin artistyla kompozit numunelerin su emme oranlarinin diizenli bir sekilde artigi
belirlenmistir. Kontrol numunesi (DCAO) i¢in oldukca diisiik bir su emme degeri (%0,07) elde
edilirken, DCA oranina bagl olarak bu degerler sirasiyla %0,36 (DCA15), %0,60 (DCA30),
%0,90 (DCA45) ve %1,01 (DCA60) oranlarinda artis gostermistir. Bu durum, DCA’in
malzeme gozenekliligini artirarak su tutma kapasitesini ylikselttigini gostermektedir. Benzer
caligmalar [19-21] bu durumu desteklemektedir. Ayrica, DCA45 ve DCA60 arasinda
gozlemlenen siirh artis, DCA’1n su emme tizerindeki etkisinin belirli bir oranda doygunluga
ulagtigin1 gostermektedir.

Gorsel 4b’de verilen polimer kompozit numunelerin porozite degerleri incelendiginde,
demlenmis ¢ay atig1 oraninin artisiyla kompozit numunelerin porozite degerlerinin belirgin
sekilde arttig1 belirlenmistir.

Kontrol numunesi (DCAO) i¢in 6l¢iilen diisiik porozite degeri (%0,13), standart CEN kumu ve
polyester re¢inenin yogun ve kompakt bir yap1 olusturdugunu gostermektedir. DCA oraninin
artmasiyla birlikte porozite degerleri sirasiyla %0,54 (DCA1S5), %0,85 (DCA30), %1,18
(DCA45) ve %1,19 (DCA60) oranlarinda artig gostermistir. Su emme degerlerine benzer
olarak, 6zellikle DCA45 ve DCA60 arasinda gdzlemlenen smirh fark (%1,18'den %1,19'a),
DCA’1n porozite lizerindeki etkisinin belirli bir doygunluk seviyesine ulastigin1 gostermektedir.
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Gorsel 4. Su emme (a) porozite (b) degerleri

3.3. Basing dayanimi

Basing dayanimi degerleri Gorsel 5a’da sunulmustur. Basing dayanimi degerleri incelendiginde
DCA ile iiretilen kompozitlerin basing dayanimi sonuglari, takviye malzemesi olarak kullanilan
DCA oranimin artistyla dayanim degerlerinde diizenli bir azalma oldugunu gostermektedir.
Kontrol grubu olan DCAO numunesinde yalnizca standart CEN kumu ve doymamis polyester
recine kullanilmis olup, en yliksek basing dayanimi (85,74 MPa) elde edilmistir. Ancak, CEN
kumunun kismen DCA ile yer degistirmesiyle basing dayanimi degerlerinde kademeli olarak
azalma gozlemlenmistir.

Bu durum, DCA’1n mekanik dayanim agisindan CEN kumuna gore daha diisiik performans
gostermesiyle iliskilendirilebilir. Ozellikle, %15, %30, %45 ve %60 oranlarinda DCA igeren
DCA15, DCA30, DCA45 ve DCA60 numunelerinde basing dayanimlari sirastyla 73,72, 69,82,
62,18 ve 57,86 MPa olarak 6lgiilmiis ve kontrol grubuna kiyasla basin¢ dayanimlari sirasiyla
%14, %18.,5, %27,5 ve %32,5 oranlarinda azaldig1 tespit edilmistir. Literatiir incelemesinde
polimer kompozitlerde, dolgu miktarinin artmasiyla basing dayanimin azaldigini gosteren farkli
caligmalar mevcut durum desteklemektedir [22,23].
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3.4. Ultrases gecis hiz1

Ultrases gecis hizi degerleri Gorsel 6a’da gosterilmistir. Gorsel 6a incelendiginde DCA
oraninin artisi, kompozitlerin ultrases gegis hiz1 degerlerinde diizenli bir azalmaya yol agmustir.
Kontrol numunesi (DCAO) en yiiksek ultrases gecis hiz1 degerine (3828 m/s) sahipken, DCA
oraninin %15, %30, %45 ve %60 oldugu DCA15, DCA30, DCA45 ve DCA60 numunelerinde
ultrases gecis hizi degerleri sirasiyla 3302, 3145, 2959 ve 2451 m/s olarak Ol¢lilmiistiir. Bu
azalma, DCA’in goézenekli yapist ve baglayict ile smirh etkilesiminden kaynaklanarak
malzemenin yogunlugunu ve mikro yapisal biitlinliiglinii zayiflatmistir.
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4. SONUCLAR

Yapilan bu calismada, DCA oranindaki artig, polimer kompozitlerin yogunluk, su emme,
porozite, basin¢ dayanimi ve ultrases gecis hizi gibi temel Ozelliklerini belirgin sekilde
etkilemistir. Yogunluk degerleri, DCA oran arttikca 1,973 g/cm*’ten 1,188 g/cm?’e diiserken,
su emme ve porozite degerleri sirasiyla %0,07°den %1,01’e ve %0,13’ten %1,19’a
yiikselmistir. Basing dayanimi 86,74 MPa’dan 57,86 MPa’ya, ultrases gecis hiz1 ise 3828
m/s’den 2451 m/s’ye diismiistiir. Bu degisimler, DCA’in yapisal gozenekliligi ve diisiik
yogunlugunun kompozitin mekanik ve fiziksel performansinm etkiledigini gostermektedir. Bu
sonuglar, DCA katkili polimer kompozitlerin hafif yapt malzemeleri, yalitim {iriinleri ve
cevresel siirdiiriilebilirlik gerektiren uygulamalarda kullanilabilecegini gostermektedir. Ayrica
gelecekte yapilacak olan ¢alismalar icin, DCA’1n yiizey modifikasyonu, baglayict matrisin
optimizasyonu veya diger takviyelerle birlikte kullanimi incelenerek bu malzemelerin
performansi 6zelliklerinin incelenmesi 6nerilmektedir.
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ABSTRACT

People suffering from different diseases prefer plenty of bioactive components for treatment purposes.
Mentha arvensis L. is used for various purposes as it contains many value-added products. High-
Performance Liquid Chromatography (HPLC) was used to evaluate the properties of phenolic bioactive
components found in methyl alcohol/chloroform (v/v:1/1) extracts of Mentha arvensis L collected in
different regions( engin, 6zdemir ve ¢arikli) of Igdir province. The main components identified in the
extracts are chlorogenic acid, caffeic acid, rutin, rosmarinic acid, salicic acid, comaric acid, flavones,
guercetin and naringenin. These valuable components have antibacterial, antioxidant, anticancer, and
anti-inflammatory properties. Among the identified compounds, chlorogenic acid and quercetin are very
important in terms of anticancer and antioxidant effects. High-Performance Liquid Chromatography
(HPLC) characterization showed the presence of plenty of bioactive compounds and confirmed their
potential health activities. This study compared the compound contents of Mentha arvensis L. herb
collected in different regions and showed that the obtained compounds can be used as many new sources

of antioxidants and anticancer drugs.
Keywords: Mentha arvensis L, antioxidants, anti-inflammation, phenolic

1. INTRODUCTION

Tissues that function differently in the human body are seriously affected by the presence of free
radicals. Antioxidants play an active role in eliminating the effects of free radicals and protecting
the body from various diseases [1]. These antioxidants, which are formed in their own
ecosystem, are abundant in the structure of plants, which makes the use of these plants
indispensable. Phytochemical analysis of plant extracts is very valuable to investigate [2]. The
World Health Organization states that traditional and complementary medicine are important. It
is seen that the United States, Australia, France, Canada, Chile, Colombia, and African countries
evaluate them at different rates on a continental basis [3,4]. However, it has been determined

that plant extracts contain various phytochemicals or physiologically active substances in
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different parts of the same region. Its structure can be elucidated using devices high-performance
liquid chromatography (HPLC). Mentha arvensis L. used in this study is also known as Japanese
mint or menthol mint. This plant is preferred in traditional medicine as a source of healing for
many different purposes such as hepatitis, ulcer disease, bronchitis, skin and digestive disorders,

and expectorant[5].

In this study, very valuable phenolic compounds with antioxidant and anticancer properties of
Mentha arvensis L. plants collected in different regions were investigated and their content

analysis was discussed.

2. EXPERIMENTAL STUDIES

2.1. Material Methods ve Chemicals

Mentha arvensis L. plants was collected in three different regions of Igdir, Turkey. It was
preserved in a dark environment without light at room conditions. The obtained samples were
ground. Then, 250 ml of methyl alcohol and 250 ml of chloroform were taken in a one-to-one
ratio into a 600 ml glass flask. It was treated with 20 g of ground sample for approximately 72
hours. Then, the solvents were removed by a rotary evaporator in the filtered product. The
obtained extracts were stored in a +4 °C refrigerator. The chemical reagents methanol and
chloroform used in this study are of analytical grade. All chemicals were purchased from Sigma
Aldrich without further processing. High throughput liquid chromatography (HPLC) with model
1260 Infinity 11 LC System coupled with mass spectrometry was chosen to test the content of
the extracts of the Mentha arvensis L. plants collected in different regions. The reversed phase
HPLC was equipped with a column oven (1260 TCC), binary pumps (1260 Bin Pump), and a
degasser (1260 Degasser). Chromatographic conditions were optimized to obtain optimum

separation for the compound and to overcome the effects of compression.

3. RESULT AND DiSCUSSION
Extracts of mint samples collected from different regions were characterized by HPLC. When
the HPLC analysis results of the different samples of the extract process were examined, 5

organic acids, namely rosmarinic acid, salicylic acid, Quercetin, coumaric acid, and chlorogenic
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acid, were generally detected in high amounts and the HPLC chromatograms were seen in

Figure 1,2 ve 3.

Additional Info : Peak(s) manually integrated
DAD1 A, Sig=300,200 Ref=500,100 (18-2 SP2.D)
mAU "5’
450
400
350
300+ 9
250
200 -
g3
= <
‘S o=} o = g
190 3 ® g g 83 £ B %
‘= 2 o g E - % 2 2
£ 2 e 23 =B S 5 S
100 £ & guég EQ 2 & 2 Z =
) 5 2% Z A e o -
8 o ' =3 2
50 o < -—'<;' & g 0 2o T ¢ =
2 2 %2 S o S8 |2 3 S
S o AR 549 -e X
0_
T T T T T T T )
10 15 20 25 30 35 40 miny

Figure 1. Organic acid compounds in the extract obtained from Mentha arvensis L. plants

samples( engin regions) by HPLC
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Figure 2. Organic acid compounds in the extract obtained from Mentha arvensis L. plants samples(

0zdemir regions) samples by HPLC
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samples( carikli regions) samples by HPLC

4. CONCLUSION
This current study aims to comprehensively investigate the content analysis of mint samples

collected in different regions of Igdir province. The obtained sample extracts were tested with
an high-performance liquid chromatography (HPLC) device. The results obtained from various
samples showed a significant change in the content of the samples taken from different places
in the same region. In addition, it was determined that the obtained phenolic compounds were

compounds used intensively in antioxidant and anticancer studies.
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ABSTRACT

In this study, the bulk density, mechanical, thermal, and dielectric properties of pebble stone-
reinforced epoxy composites are investigated depending on the filler ratio. Such inorganic
reinforcements in the form of ground powder affect some thermophysical properties of epoxy-
based composites. As the pebble ratio in the composite increases, the bulk density of the
composite rises significantly. According to the Shore D hardness test results, the hardness of
the composite increased as the filler ratio rose. This situation is related to the pebble providing
a mechanical supporting structure. Adding pebble powder to the epoxy matrix negatively
affects the homogeneity and porosity of the polymer matrix structure. Increased porosity can
generally reduce the mechanical strength and performance of the material. This filler shows no
chemical interaction between the pebble and the epoxy matrix in the FTIR spectra. This
situation indicates a physical interaction between the filler and the epoxy, but no chemical
reaction occurs. Increasing the pebble ratio also increases the thermal conductivity of the
composite. This increase is due to the inorganic structure of the pebble stone increasing the
thermal conductivity compared to the pure polymer. Similarly, the dielectric constant also
increases slightly with the pebble stone content. As a result, pebble stone-reinforced epoxy
composites show significant changes in density, hardness, thermal conductivity, and dielectric
properties depending on the filler ratio. However, the high ratio (9 wt.%) of pebble stone
reinforcement can negatively affect matrix homogeneity and porosity. Therefore, the optimum
pebble stone ratio (4.5 wt.%) and 77-154 pum particle size range are critical in obtaining

composites with the desired properties according to the intended use.

Keywords: Pebble stone, Epoxy composite, Thermal conductivity, Dielectric constant,

Optimization, Thermophysical properties
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1. INTRODUCTION

Epoxy resin-based composites have been extensively studied for their excellent mechanical
strength, chemical resistance, and thermal stability, making them suitable for various structural
and industrial applications. Adding various fillers to epoxy matrices has been a common
strategy to enhance specific properties, including mechanical, thermal, and dielectric
performance. Fillers can be organic or inorganic, and their particle size, shape, and
concentration significantly influence the composite's overall characteristics. Understanding the
relationship between filler content and composite performance is crucial for optimizing material
design [1-3].

Inorganic fillers such as silica, alumina, and glass fibers are commonly used to improve the
mechanical strength and thermal conductivity of epoxy composites. These materials enhance
the composite's rigidity and resistance to deformation while also affecting properties like
density and porosity. The effectiveness of filler reinforcement depends on factors such as
dispersion, particle-matrix interaction, and filler loading. High filler content can lead to
agglomeration and increased porosity, which may reduce the composite's mechanical integrity
despite other improvements in thermal and electrical properties [4,5].

Research on mineral-based fillers, such as marble powder and ceramic particles, has shown
their potential to enhance hardness and wear resistance in epoxy composites. Mineral fillers
typically exhibit high thermal conductivity and dielectric properties due to their inorganic
nature. However, the increased filler content may compromise homogeneity and introduce
voids into the matrix, adversely affecting mechanical performance. Studies indicate that
maintaining an optimal filler-to-matrix ratio is critical to achieving a balance between enhanced
properties and structural integrity [6,7].

Ground stone powders, including pebble stone, represent a less explored class of inorganic
fillers for epoxy composites. Pebble stone, primarily composed of silica and other minerals,
provides a cost-effective option for improving certain thermophysical properties. Its mechanical
reinforcement capability arises from its rigid structure, while its thermal conductivity exceeds
that of pure epoxy. However, as with other mineral fillers, high filler loading can lead to
increased porosity and reduced composite uniformity, impacting overall performance [8,9].
Recent studies focusing on powder stone-reinforced composites highlight significant changes
in bulk density, hardness, and thermal properties depending on the filler ratio. For example,

hardness improves due to the mechanical support provided by pebble particles, while thermal
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conductivity rises as the inorganic content increases. The absence of chemical interaction
between the pebble filler and the epoxy matrix, confirmed by FTIR analysis, indicates that the
improvements result from physical reinforcement rather than chemical bonding [10,11].
Several works emphasize the need to optimize filler content to avoid negative effects on matrix
homogeneity and porosity. Studies suggest that excessively high filler ratios increase void
formation, leading to compromised mechanical strength despite gains in hardness and thermal
performance. Thus, finding the right balance between filler content and composite properties is
critical for practical applications [12,13].

This study builds on previous research by examining pebble stone-reinforced epoxy
composites, focusing on the effect of varying filler ratios on bulk density, hardness, thermal
conductivity, and dielectric constant. It identifies an optimal filler ratio (4.5 wt.%) and particle
size range (77-154 pum) that balance performance enhancements with structural integrity,
offering valuable insights into the design of durable, high-performance composite materials for

industrial applications.

2. MATERIALS AND METHODS

Gravel-reinforced epoxy composites were prepared by incorporating crushed pebble stone (PS),
ground to a size range of 77—154 microns, into an epoxy resin matrix. The pebble stones (PS)
were added to the epoxy resin at varying weight percentages, ranging from 0 wt.% to 9 wt.%.
The preparation process involved initially mixing Epoxy A with the gravel particles at 600 rpm
for 5 minutes, followed by the addition of Epoxy B and further mixing at 600 rpm for 2 minutes.
The resulting mixture was then poured into molds and cured at a temperature of 50 °C for 24
hours. After curing, the composites were subjected to physical tests and chemical analyses to
evaluate their properties. The experimental work plan of PS-reinforced epoxy-based composites
is expressed in Table 1. The experimental production scheme of pebble-reinforced epoxy-based
composites is shown in Figure 1.

The bulk density of the epoxy composite is determined using the mass-to-volume ratio method
according to ASTM D792, which involves weighing the sample and measuring its volume
directly or by displacement. The thermal conductivity coefficient is measured using the
Thermtest's TLS-100 device based on the transient line source method, adhering to ISO 22007-
2 standards. Shore D hardness is tested using a Shore D durometer following ASTM D2240,
where a needle under a specific force measures the indentation depth. The dielectric constant is

evaluated using a Fytronix dielectric constant measuring device, conforming to ASTM D150
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standards, and applying an alternating current signal to determine the material's capacitive
properties [14-17].

Table 1. Experimental study plan of PS reinforced epoxy based composites

Epoxy A (wt.%) Epoxy B (wt.%) PS (wt.%)
66.7 33.3 0.0
65.5 32.7 1.8
63.7 31.8 4.5
61.9 30.9 7.2
60.7 30.3 9.0

Epoxy A Epoxy B Curing Temperature: 50 °C
7 Curing Time: 1 Day
AN [ l
|
|
600 rpm 5 min |
2 min 600 rpm 1

= ENOO m)

Figure 1. Experimental production scheme of pebble stone reinforced epoxy-based composites

3. RESULTS AND DISCUSSION

3.1. Bulk density results

The effect of 0 wt.%, 1.8 wt.%, 4.5 wt.%, 7.2 wt.%, and 9 wt.% pebble stone (PS) addition on
the bulk density of epoxy-based composites is shown in the graph. The addition of inorganic
filler increases the density of the epoxy composite. Figure 2 shows the effect of the weight
percentage (wt.%) of the gravel used as filler on the bulk density of the epoxy-based composite
material. It shows that the bulk density of the composite increases regularly with the increase
in the gravel content. This trend can be explained by the fact that the density of the filler material
is higher than that of the epoxy resin. When the filler ratio is increased from 0 wt.% to 9 wt.%,
the density values increase from approximately 1130 kg/m? to 1170 kg/m?®. This indicates that
the filler material increases the bulk density of the material by filling the voids in the composite
and creating a denser and tighter structure.
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Figure 2. Effect of PS ratio on bulk density of the epoxy-based composite

3.2. Shore D hardness results

The addition of pebble stone increases the hardness of the epoxy composite. Inorganic filler
reinforcement increases the Shore D hardness of such composites. Figure 3 illustrates the effect
of pebble stone content (wt.%) on the Shore D hardness of a composite material. As the
percentage of pebble stone increases from 0 wt.% to 9 wt.%, the Shore D hardness of the
composite shows a consistent upward trend. Initially, at 0 wt.% pebble stone content, the
hardness value is around 77, but it gradually rises, reaching approximately 82 at 9 wt.%. This
indicates that adding pebble stones enhances the composite's hardness, with a significant
improvement observed as the pebble stone content increases, suggesting a positive correlation

between pebble stone reinforcement and the mechanical hardness of the composite material.
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Figure 3. Effect of PS ratio on hardness of the epoxy-based composite

3.3. Thermal conductivity results

In thermal conductivity coefficient measurement experiments, the addition of powdered pebble
stone improves the insulation properties of the composite. In other words, such inorganic fillers
reduce the thermal conductivity coefficient of the epoxy-based composite (Figure 4). The bar
graph depicts the relationship between pebble stone content (wt.%) and the thermal
conductivity of a composite material. As the percentage of pebble stone increases from 0 wt.%
to 9 wt.%, the thermal conductivity decreases significantly. At 0 wt.% pebble stone content, the
conductivity is the highest, approximately 0.11 W/m-K, but it steadily drops as more pebble
stone is added, reaching the lowest value near 0.08 W/m-K at 9 wt.%. This trend suggests that
adding pebble stone reduces the composite’s ability to conduct heat, indicating an inverse

correlation between pebble stone content and thermal conductivity.

99 |Page



AKDENIZ 13th International Conference On Applied Sciences - January 3 — 5, 2025 - Kyrenia
Proceeding Book - ISBN NR: 978-625-5962-15-7

o
—_
-

o
—_
o

0,09

0,08

Thermal Conductivity of Composite (\WW/m.K)

0 1 2 3 4 5 6
Pebble Stone (wt.%)

Figure 4. Effect of PS ratio on thermal conductivity of the epoxy-based composite

3.4. Scanning electron microscope (SEM) results

The SEM images of this study are important to evaluate the distribution of pebbles used in the
composite material, their bonding to the matrix, and their surface morphology in detail. In
samples with low pebble content, it can be observed that the matrix phase is more dominant
and the pebbles are not distributed homogeneously in the matrix. This creates a weaker
microstructure in the composite and such dispersed morphology can limit the mechanical
strength of the material. In addition, voids or microcracks observed at the matrix-pebble
interfaces may indicate that the bonding strengths are insufficient at low filler ratios. In samples
with high pebble content, SEM images can show that the pebbles are more densely and
homogeneously distributed in the matrix. This contributes to better adhesion at the matrix-
pebble interface and increased mechanical properties, especially hardness. However, possible
agglomeration problems can also be observed at very high filler ratios. Therefore, both the
mechanical and thermal properties of the composite can be improved with optimum filler
reinforcement. The epoxy-based composite with 4.5 wt.% PS reinforcement seen in Figure 5 is
considered the optimum filler ratio according to the results obtained. However, for the epoxy-
based composite with 9 wt.% PS reinforcement seen in Figure 6, this filler ratio causes negative

effects on the surface morphology.
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Figure 5. SEM image of 4.5 wt.% PS-reinforced epoxy-based composite
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Figure 6. SEM image of 9 wt.% PS-reinforced epoxy-based composite
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3.5. Dielectric constant results

The addition of fine pebble stone to epoxy composites affects the dielectric constant. The
dielectric constant is generally increased due to the enhanced polarization effect created by the
inclusion of inorganic particles that may have higher permittivity than the epoxy matrix. The
degree of this increase depends on factors such as volume fraction, particle size, and gravel
distribution. The dielectric behavior of the composite becomes more heterogeneous as the
particles introduce interfaces and potential scattering fields, which in turn affects the uniformity
of the electric field within the material. These changes can improve or degrade the performance
of the composite depending on the application, and optimum ratios are important for specific
dielectric requirements. The dielectric constant of the pure polymer obtained from the epoxy
resin was determined to be 3.4 at room temperature and 1 kHz frequency. With gravel
reinforcement, this value increases to 5.6. This value may vary depending on the chemical

structure of the epoxy resin used and the measurement conditions.

4. CONCLUSION

This study demonstrates that pebble stone reinforcement significantly influences the physical
and mechanical properties of epoxy-based composites. As the pebble filler ratio increases, the
composite exhibits higher bulk density and Shore D hardness, primarily due to the mechanical
support provided by the pebbles. However, the addition of pebble powder adversely affects the
matrix’s homogeneity and increases porosity, potentially compromising mechanical strength.
FTIR analysis confirms that the interaction between the pebble filler and the epoxy matrix is
purely physical, with no chemical bonding observed. Furthermore, the thermal conductivity and
dielectric constant improve as the pebble content rises, attributed to the higher thermal
conductivity of the inorganic pebble material compared to the polymer matrix.

An optimal balance between performance and structural integrity is achieved with a pebble
stone filler ratio of 4.5 wt.% and a particle size range of 77-154 pum. At higher filler
concentrations, particularly beyond 9 wt.%, increased porosity and reduced homogeneity
become detrimental to the composite’s overall performance. Therefore, careful control of filler
content and particle size is essential to developing epoxy composites with desirable density,

hardness, thermal, and dielectric properties for specific applications.
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ABSTRACT

Nowadays, researchers have been focused on the addition of various fiber fillers to polymers to
improve the physical and mechanical properties of polymer composites. In this study, bulk
density, mechanical, thermal, and dielectric properties of polyester composites reinforced with
wheat bran have been investigated depending on the filler ratio. The polyester composites were
prepared by using orthophthalic based unsaturated polyester resin (UPR) and wheat bran (WB)
having 149 to 297 um particle size at 50 °C. The filler ratio (wheat bran) ranged between 0
wt% and 5 wt.%. The experimental results show that wheat bran used as organic
reinforcements affected most of the thermophysical properties of polyester-based composites.
As the wheat bran ratio in the composite rises, the density of the composite decreases
significantly. With respect to the Shore D hardness test results, the hardness of the composite
decreases as the filler ratio increases. By adding wheat bran to the polyester matrix at a high
ratio negatively affects the homogeneity and porosity of the polymer matrix structure. An
increase in porosity generally reduces the mechanical strength and performance of the material.
FTIR spectra indicates that only a physical interaction occurs between the organic filler and the
polyester. The increase of the wheat bran ratio reduces the thermal conductivity coefficient of
the composite. However, in the dielectric measurements, the dielectric constant of the

composite rises with increasing wheat bran content.

Keywords: Polyester Composites, Wheat Bran, Mechanical Properties, Thermal Conductivity,

Dielectric Properties
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1. INTRODUCTION

The development of polymer composites reinforced with natural fillers has gained significant
attention due to their environmental benefits, cost-effectiveness, and favorable mechanical and
thermal properties. Among various organic fillers, agricultural by-products offer a sustainable
alternative for reinforcing polymer matrices. Organic fillers are a fibrous material with low
density and high availability, making it an attractive choice for lightweight composite
applications. Researchers have explored its potential in enhancing the performance of synthetic
polymers while reducing production costs and environmental impact. The growing interest in
sustainable materials has driven extensive investigations into the physical, mechanical, and
thermal properties of organic fillers-reinforced composites [1-3].

Composite materials have become a cornerstone of modern engineering and materials science
due to their superior properties, which result from combining two or more distinct materials.
Composites typically consist of a matrix and reinforcing materials that work together to produce
unique mechanical, thermal, and electrical characteristics. The growing need for lightweight,
high-strength, and durable materials in industries such as automotive, aerospace, and
construction has driven extensive research on composite technology. Among various matrix
materials, polymer-based composites are widely used because of their versatility, ease of
processing, and cost-effectiveness [4-6].

Polyester is one of the most commonly used thermosetting polymers in composite
manufacturing due to its excellent mechanical properties, chemical resistance, and affordability.
Polyester-based composites reinforced with synthetic fibers, such as glass or carbon fibers, are
well-known for their high strength and stiffness. However, environmental concerns and the
need for sustainable alternatives have shifted attention toward eco-friendly materials. In recent
years, research has increasingly focused on developing composites using natural fillers or fibers
that are biodegradable, lightweight, and renewable. These materials offer a promising route to
reducing the environmental impact of synthetic composites [7,8].

Organic filler-reinforced polyester composites have emerged as a sustainable solution, utilizing
agricultural residues, wood flour, and other natural materials as reinforcement. Studies have
shown that organic fillers can improve certain properties of polyester composites, such as
thermal insulation, while reducing material cost and density. However, incorporating natural
fillers often poses challenges related to interfacial adhesion between the hydrophobic polymer
matrix and the hydrophilic filler. Various surface treatments and coupling agents have been
investigated to enhance compatibility and improve mechanical performance. The mechanical,
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thermal, and dielectric properties of composites are heavily influenced by the type, size, and
content of the organic filler [9,10].

Among organic fillers, wheat bran has attracted attention for its potential in reinforcing polymer
matrices. Wheat bran is an abundant by-product of wheat milling, consisting of a fibrous
structure that can improve insulation properties when added to composites. Recent studies have
shown that increasing the wheat bran content reduces the density and thermal conductivity of
polymer composites while enhancing their dielectric properties. However, a high filler ratio can
lead to increased porosity and decreased mechanical strength due to poor matrix homogeneity.
Optimizing the wheat bran content and particle size is critical to balancing mechanical
performance and thermal insulation. Despite its challenges, wheat bran offers a promising, eco-
friendly reinforcement option for developing sustainable composite materials [11,12].

One of the primary effects of incorporating organic fillers into polymer matrices is the reduction
in composite density. Studies have consistently reported that as the organic fillers content
increase, the overall density of the composite decrease due to the low specific gravity of the
organic filler. This reduction in density contributes to the lightweight nature of the final
material, which is beneficial for applications where weight reduction is critical. However, the
decrease in density often correlates with a decline in mechanical strength, highlighting a trade-
off that must be carefully managed [13,14].

Mechanical properties such as hardness and tensile strength are significantly affected by the
presence of organic fillers in composites. According to multiple studies, increasing the organic
fillers ratio reduce the Shore D hardness of polyester-based composites. This decrease is
attributed to the weak interfacial adhesion between the hydrophilic organic fillers and the
hydrophobic polyester matrix, leading to less effective stress transfer within the composite. The
use of surface treatments or coupling agents has been suggested to improve the compatibility
between the filler and matrix, potentially enhancing mechanical performance [15,16].

The porosity of wheat bran-filled composites also plays a crucial role in determining their
structural integrity and mechanical behavior. High filler content has been shown to increase
porosity, negatively impacting homogeneity and overall mechanical strength. Elevated porosity
introduces voids and defects in the composite, which act as stress concentrators under load,
leading to premature failure. Optimizing filler content and particle size is therefore critical to
minimizing porosity and achieving a balance between strength and weight reduction [17,18].
The dielectric properties of wheat bran-filled composites have also been a subject of
investigation. The dielectric constant typically increases with higher filler content, as wheat

bran introduces polar functional groups into the polymer matrix. This behavior can be beneficial
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or detrimental depending on the intended application. For instance, higher dielectric constants
may be desirable for capacitive energy storage, while lower values are preferable for insulating
materials. Controlling the filler’s particle size and distribution is essential for tailoring the
dielectric response of the composite [19,20].

The successful design of wheat bran-reinforced polyester composites requires a careful balance
of filler content, particle size, and interfacial compatibility. While wheat bran provides eco-
friendly and lightweight reinforcement with improved thermal insulation properties, its impact
on mechanical strength and porosity must be addressed through optimization strategies. Future
research focusing on advanced surface treatments and hybrid composites may further expand

the applicability of wheat bran-filled polymers in various industrial sectors.

2. MATERIALS AND METHODS

In this study, orthophthalic based unsaturated polyester resin was used as the polymeric material
while wheat bran was served as the organic filler. Wheat bran was first ground to 149 to 297
um particle size and then ground wheat bran was reinforced in the orthophthalic based
unsaturated polyester resin in the range between 0 wt.% and 5 wt.%. Cobalt octoate was present
in the polyester resin as a catalyst at 0.5 wt.%. Approximately 1.5 wt.% of methyl ethyl ketone
peroxide (MEKP) was added to the mixture for the chemical reaction. Finally, the mixtures
poured into standard molds were kept in a vacuum oven at 50 °C for 24 hours for curing. After
the curing process was completed, the necessary physical tests and chemical analyses were
performed. Figure 1 shows the polyester-based composite production scheme in experimental
studies.

The bulk density of wheat bran-reinforced polyester composites is determined using the mass-
to-volume ratio method according to ASTM D792, where the mass of the sample is measured
and divided by its volume. Thermal conductivity is evaluated using the TLS-100 thermal
conductivity meter, which applies the transient line source technique following ISO 22007-2
standards. The hardness of the composites is assessed using the Shore D hardness tester
according to ASTM D2240, measuring the material's resistance to indentation under a specified
force. The dielectric constant is measured with the Fytronix dielectric measurement device,
following the ASTM D150 standard, by applying an AC signal to determine the composite's
dielectric properties [21-23].
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Figure 1. Polyester based composite production scheme in experimental studies

3. RESULTS AND DISCUSSIONS

Figure 2 illustrates the relationship between the WB content (wt.%) and the bulk density of the
polyester composite. It shows a clear downward trend, indicating that as the WB content
increases, the bulk density of the composite decreases. At 0 wt.% WB, the material (pure
polyester material) exhibits the highest bulk density of approximately 1206 kg/m?. However,
when WB added and as the filler ratio is increased progressively up to 5 wt.%, the bulk density
decreases to approximately 1160 kg/m2. This reduction in bulk density is attributed to the lower
density of the organic WB compared to the polyester matrix. The result highlights that
incorporating WB as a filler leads to lighter composites, which may be beneficial for
applications where weight reduction is critical. However, the decreased density may also affect

mechanical properties, requiring careful optimization of the filler content.
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Figure 2. Effect of the powdered WB on bulk density of polyester based composite

Figure 3 shows the effect of WB content on the Shore D hardness of polyester composites.

From the figure, it is seen that as the weight percentage of WB increases from 0 % to 5 %, the

109 |Page



