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STRENGTHENING THE INFILL WALLS OF EXISTING BUILDINGS USING
SHOTCRETE CONCRETE

MEVCUT YAPILARIN DOLGU DUVARLARININ PUSKURTME BETON
KULLANILARAK GUCLENDIRILMESI

Fatih SANCAK !, Sule BAKIRCI ER?

'Insaat Miih., Kirikkale Unv., Fen Bil. Ens. Yiik. Lis, Ogrencisi
ORCID 0000-0001-7335-8642
2Dr. Og. Uy., Kirikkale Unv., Insaat Miih. Boliimii, ORCID 0000-0003-1021-3678

Ozet

Ulkemiz aktif faylarin oldugu bir deprem iilkesidir. Yasanan depremlerde ¢ok sayida can ve
mal kayiplar1 olabilmektedir. Son olarak 6 Subat 2023 K. Maras depremi, ac1 bir ornektir.
Ulkemizde yaklasik 16 milyon niifusu ile istanbul ¢ok sayida konuta da ev sahipligi
yapmaktadir. Bu konutlar igerisinde miihendislik hizmeti almadan yapilan, beton ve donati
dayanimlar1 oldukga diisiik yapilar mevcuttur. Bu yapilar diisey yiikler altinda dayanimlarini
korumuslardir ancak deprem gibi tersinir tekrarlanir yiikler altinda incelenmeleri gerekir. Bu
calismada, igerisine heliks sekilli celik lifler katilmis piiskiirtme beton ile giiglendirilmesi
planlanan dolgu duvarlardan bahsedilecektir. Piiskiirtme beton uygulamalari yeralt1 ve yeriistii
alanlarda kullanilmaktadir. Yeralti yapilari, tiinel ve madenlerde, yeriistiinde yol sevlerinde,
bina gii¢clendirmelerinde, kaplamalarda durabilite ve can ve mal kayiplarini 6nlemek icin
kullanilir. Kullanilacak heliks lifler 25 mm boyunda ve 0.5 mm ¢apindadir. Cekme dayanimlari
1700 MPa civarindadir. Bu galismada, Istanbul’da mevcut eski yapilarin dolgu duvarlarin gelik
lifli pliskiirtme beton kullanilarak giiglendirilmesinin modellenmesi ve analizlerinin yapilmasi
diigtiniilmiistir. Ele alinan modellerin analizleri SAP 2000 programi yardimiyla
gerceklestirilmistir. Puskiirtme beton kalinligi duvarlarin her iki yiiziinde 50 mm olarak
alinmigtir. Modelleme yapilirken giiglendirilmis dolgu duvarlar c¢apraz elemanlarla
gosterilmistir. Giiglendirilecek dolgu duvarlar secilirken, {izerinde pencere agikligi gibi
bosluklar bulunan duvarlar tercih edilmemistir. Analizler sonucu yapinin agir hasar aldigi ancak
yikilmadig1 belirlenmistir. incelenen modeler icin yapilan giiclendirme etkili olmustur.

Anahtar kelimeler: Deprem, dolgu duvar, giiclendirme, piiskiirtme beton
Abstract

Our country is an earthquake country with active faults. There may be many losses of life and
property in earthquakes. Finally, the February 6, 2023 K.Marags earthquake is a painful example.
With a population of approximately 16 million in our country, Istanbul also hosts many
residences. Among these residences, there are structures that were built without engineering
services and their concrete and reinforcement strengths are very low. These structures
maintained their strength under vertical loads, but they need to be examined under reversible
and repetitive loads such as earthquakes. In this study, infill walls planned to be strengthened
with shotcrete containing helical-shaped steel fibers will be discussed. Shotcrete applications
are used in underground and superstructure areas. It is used to ensure durability and to prevent
loss of life and property in underground structures, tunnels and mines, aboveground road levels,
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building reinforcements and coatings. The helical fibers to be used are 25 mm long and 0.5 mm
in diameter. Tensile strength is approximately 700 MPa. In this study, modeling the
strengthening reinforced concrete infilled walls of existing old buildings in Istanbul using steel
fiber sprayed concrete was considered. Analyzes of the models considered were carried out
with the help of SAP 2000 program. The shotcrete thickness was taken as 50 mm on both sides
of the walls. While modeling, reinforced infill walls are shown with diagonal members. When
choosing infill walls to be strengthened, walls with gaps such as window openings were not
preferred. As a result of the analysis, it was determined that the structure was severely damaged
but did not collapse. The reinforcement made for the models examined was effective.
Keywords: Earthquake, infill wall, strengthening, shotcrete concrete

1. GIRIS

Ulkemiz aktif faylarin bulundugu bir deprem iilkesidir. Ulkemizin yapi stogu genel olarak
benzerdir. Eski yapilarin ¢ogunda beton kalitesi diisiik, donatilar nerviirsiiz diiz donatidir.
Bunlara bir de tasarim ve isgilik hatalar1 eklenince olasi depremlerde hasarlar kaginilmaz
olmaktadir. Bugiine kadar cok can ve mal kayiplarinin yasanmistir. Bunlardan 1999 Marmara
Depremi ve son olarak 6 Subat 2023 K. Maras depremi hepimizde cok derin izler birakmustir.
Bu depremlerin ve kayiplarin bir daha yaganmamasi en bilyiik temennimizdir.

Istanbul yaklasik 20 milyon niifusuyla iilke niifusumuzun % 25 ini himaye etmektedir. Ancak
Istanbul kalabalik niifusunun yaninda, proje ve plansiz yapilan, ruhsatsiz veya ruhsata uygun
yapilmayan yapilar da iizerinde bulundurmaktadir. Kentsel doniisiim ¢aligmalar1 kapsaminda
yeni yapilagmalar olsa da hizli doniisiim, kat malikleri nedeniyle zor olacaktir. Ornegin 4 katl
goriliniip ruhsatsiz ¢ikilan fazladan iki kata sahip bina yikildiginda yeniden yapilacak bina 4
katli olacaktir. Kat sahipleri bu durumdan olumsuz etkileneceklerinden durumu kabullenmekte
zorlanmaktadirlar. Bu calismada amacimiz, diisey yiikler altinda dayanimini koruyarak bugiine
kadar gelmis eski yapilarin depremi atlatacak ve can kaybini1 donleyecek hizli bir giiclendirme
yapilarak olas1 depremde insanlar1 sag kurtarabilmek gayesidir. Mevcut dolgu duvarlara hasir
celik donat1 ankresi ve ¢elik lifli beton piiskiirtmesi ile bir gliclendirme planlanmaktadir. Dolgu
duvarlarin gii¢lendirilmesi {izerine yapilan ¢calismalardan asagida bahsedilmektedir.

Tekeli ve arkadaslar1 ¢aligmalarinda, dolgu duvarlarin hasir ¢elik donatili 6zel siva ile
giiclendirilmesini arastirmislardir. Biri bos, ucu dolgu duvarl 4 ¢erceve elemani hazirlanmaistir.
Tugla dolgu duvarli betonarme gergevelerden iki tanesinin tek yiizi hasir donatili siva ile
takviye edilmistir. Bu iki elemanda ankraj arali1 ve isciligi farklhidir. Yiik tasima kapasitesi
yalin ¢erceveye gore, dolgu duvarda %120, seyrek ankrajli elemanda %160 ve sik ankrajlida
%180 artis gdzlenmistir. Gii¢lendirilmeyen ylizeyde x seklinde hasar olusmustur. Duvarin her
iki yliziine guclendirme yapilmasi tavsiye edilmistir. Tugla duvar ve giiclendirmenin enerji
tiikketmeye de katki sagladigr belirlenmustir [1]. Ozdemir ve Eren, yaptiklari galismada 3 adet %
olcekli, tek katl, tek agiklikli, giiglii kirig-zayif kolonlu, beton dayanimi diisiik ¢ergceve imal
etmislerdir. Bu ¢ergevelerden 1 tanesi bos, bir tanesi dolgu duvarli, bir tanesi de dolgu duvar
iizerine hasir celik ve sivali olarak imal edilmislerdir. 2007 deprem yonetmeligi dikkate
alimmistir. Dolgu duvarli ve giiclendirilen elemanlarda yiik tasima ve enerji tiiketme
kapasitesinde artiglar gozlenmistir. Giiclendirilmis elemanin yatay yiik tasima kapasitesi, dolgu
duvarli elemandan 1.78 kat fazla olmustur. Calismada bolme duvarin yiik tasima kapasitesi,
yanal rijitlik ve enerji tiikketme kapasitesi lizerine olumlu katkilarinin oldugu ancak deprem
aninda bolme duvarin diizlem dis1 haretkette devrilebilecegi ve katkisinin  tam
kullanilamayabilecegi belirtilmistir. Dolgu duvar {izerine yapilacak gii¢lendirme ile ankrajlar
ve giiclendirme sivasi ile diizlem dig1 hareketin engellenecegi ve duvarin ve giiclendirmenin
katkismin korunacag vurgulanmistir[2].0zdéner tez calismasinda kullanicilar binay
terketmeden, bina disindan prefabrike dis paneller kullanarak sistem iyilestirmesi/
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giiclendirmesi amaclamistir. 1/2 6lgekli, deprem dayanimi yetersiz, iki kat ve iki aciklikli bir
adet giiglendirilmemis, 2 adet dis paneller ile giiclendirilmis g¢ergeveler, tersinir-tekrarlanir
yatay ylikler altinda test edilmis ve davranmiglari incelenmistir. Dayanim, rijitlik ve enerji
tiketme kapasiteleri karsilastirilmistir. Cergevelerin prefabrike panel ile giiclendirmesinin
dayanim, rijitlik ve enerji tiiketme kapasitesine dnemli katkilarinin oldugu belirlenmistir[ 3].
Ozdemir, doktora ¢alismasinda dolgu duvarli cergevelerin hasir celik donati ve siva ile
giiclendirilmesinde cergeveye yapilan ankraj araliklariin ve duvar diizlemine dik ankraj
sayisinin, stva kalinlig1 ve kalitesinin davranisa etkilerini incelemistir. 72 olcekli 10 adet deney
elemant hazirlanmaig ve tersinir, tekrarlanir yiikler altinda test edilmistir. Hazirlanan elemanlarin
yatay yiik kapasiteleri, dogrusal olmayan statik itme analizleri kullanilarak SAP2000 programi
yardimiyla gerceklestirilmistir. Analitik ve deneysel yiik deplasman egrileri karsilastiriimistir.
Cergeve ankraj araliklar1 30 cm, 45 cm, 60 cm segilmistir. Cergeve ankraj araliginin degismesi
ile, yatay yiik tagima kapasitesi, rijitlik ve enerji tiiketme kapasitesi izerinde belirgin farkliliklar
gozlenmemistir. Ancak 60 cm ankraj araliginda kalic1 yerdegistirme oraninin en fazla oldugu
belirlenmistir[4]. Ozkan tez ¢aligmasinda 10 adet bélme duvar elemani ve 6 adet 1/3 dlgekli,
tek katli ve tek aciklikli c¢erceve elemanmi hazirlanmistir. Hazirlanan gerceve elemanlari,
ilkemizin yap1 stogunda siklikla karsilasilan diisiik beton dayanimli, kuvvetli kiris-zayif kolon
elemanlarindan olusan numunelerdir. Hazirlanan elemanlardan bazilar1 ¢imento esash
kompozitler (CMQG) ile gii¢lendirilmis ve bu elemanlar gii¢clendirilmemis elemanlarla dayanima
etkileri acisindan karsilastirilmistir. Cimento esaslhi kompozitler (CMG) ag seklinde, kare
bosluklu, ¢cimento harci ve alkali dayanimli cam lifli tekstil malzemeden olugmaktadir. Cimento
hamurunda ise, ¢imento, kum, su, akiskanlastirici ve belli bir miktar silica dumani
kullanilmaktadir. CMG ile gli¢lendirilmis numunelerde referans numunelere gore kayma
gerilmesi, kayma sekil degistirmesi ve kayma modiillerinde 6nemli artislar gézlenmistir.
Giiclendirme elemanlarinda referanslara gore, yatay tepe yer degistirme egrileri, baslangic
rijitligi, yatay yiik tasima kapasitesi bakimindan olumlu katkilar elde edilmistir[5]. Vetr ve
arkadaslar1 caligsmalarinda betonarme ¢ergevelerin giiclendirilmesinde piiskiirtme beton
sandwich panel ve CFRP seritlerin kullanimini incelemislerdir. 1 tanesi CFRP diyogonal seritli
dolgulu cergeve, 1 tanesi piiskiirtme beton sandwich panel dolgulu ¢erceve ve 1 tane de yalin
cerceve olmak lizere deney elemanlart hazirlamis ve incelenmistir. Yapisal performans
diizeyleri hesaplanmis ve ASCE 41 yonetmeligi ile karsilagtirilmistir. Elemanlarin non lineer
davraniglarini incelemek amaciyla numerik analizler yapilmistir. Piiskiirtme beton sandwich
seritli dolgularin kullanildig1 ¢ercevede siineklikte %42 artis oldugu belirlenmistir[6]. Ahmadi
ve Alahi g¢aligmalarinda miihendislik iiriinii ¢cimentolu kompozit (ECC) prefabrik panelleri
kullanarak betonarme gercevelerin dolgu duvarlarini gliglendirmislerdir. Bu kompozit malzeme
yiiksek ¢ekme dayanimi ve sekil degistirmeleri (gerinim) nedeniyle giiclendirme malzemesi
olarak kullanilmaktadir. Dolgu duvarli ¢ercevenin enerji tikketimini artirmak, yanal kapasitesini
korumak, yigma dolgu duvarlarin stabilitesini korumak, diizlem dis1 yondeki ¢catlama ve gevrek
kirilmadan sonra sismik kirilganliga katkida bulunmak amaglanmistir. Yigma panellerle dokuz
adet diyagonal basing testi yapilmistir. Yigma dolgu duvarlar PECC panelleri ile
giiclendirilmistir. Bu testlerde iki baglant1 tiirli karsilastirilmis ve en iyisi se¢ilmistir. Daha
sonra, tek bolmeli mevcut tek katli betonarme moment ¢ercevesi ¢evrimsel yiikler altinda test
edilmistir. Betonarme cergevelerin bu giliclendirmelerle mukavemetinin, deformasyonunun,
sertliginin ve enerji tiiketiminin arttigi belirlenmistir. Ayrica prefabrik panel kalinliginin
etkileri, baglantilar ve maruz kalinan hasar tiirleri farkl test tiirleri arasinda karsilastirilmistir.
Genel olarak PECC onerilen baglantilarla dolgu duvara baglanan paneller sistemin yanal
davranigini diizlem i¢i yonde iyilestirmistir ve yigma dolgu duvarini sinirlandirarak ¢okme
riskini 6nemli 6l¢iide azaltmistir [7].
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2. YONTEM

Onarim ve gii¢clendirme igleri o6zellikle konutlarda, insanlarin barindiklart yerler olmasi
bakimindan zahmetlidir. Buradaki giiclendirmenin hizli tamamlanmasi, ev halkinin huzuru
bakimindan biiylik 6nem arz eder. Yapilacak giliclendirmenin hizli olacak sekilde planlanmasi
gerekmektedir. Bu noktadan yola ¢ikarak bir giliglendirme yonteminin modellenerek analiz
edilmesi planlanmistir. Modele esas olan giiglendirmede, betonarme gergeveler icindeki mevcut
dolgu duvarlardan ozellikle pencere boslugu gibi bosluklar1 bulunmayan dolgu duvarlar
secilerek 6n ve arka yiizden hasir ¢elik donat1 ankre edilecektir. Duvara dik diizlemde ise hasir
celige baglantili, duvar diizlemine dik ankrajlar yapilacaktir. Bunlarin iizerine her iki yiizden
helix celik lif iceren piiskiirtme beton ile 50’ser mm kalinliginda beton kaplama yapilacaktir.
Bu gii¢lendirmenin modellenmesi SAP 2000 Sonlu elemanlar programinda gergeklestirilmistir.

2.1. Mikro fiber donati sistemi

Betonarme ¢ok yaygin olarak kullanilan ingaat malzemesidir. Teknolijerin gelismesi ile beton
malzeme konusunda, tiim diinyada yeni arastirmalar yapilmaktadir. Bu arastirmalarin amaci
daha ekonomik daha giiclii ve daha az is¢i maliyetli iiretimdir. Micro fiber donat1 sistemi ise
betonarmede kullanilan donati yerine daha ekonomik ve uygulama is¢ilik maliyetleri daha
diistik bir giiclendirme sistemidir. Bu sistemin ilk uygulama alanlar1 yol alt1 beton désemelerden
baslamaktadir.

Helix mikro donati, insaat sektdriinde betonarme yapilarin dayanikliligini ve performansini
artirmak i¢in kullanilan bir malzeme tiirtidiir. Helix lifler, betonda takviye gorevi géren yliksek
performansli, optimize edilmis celik liflerdir. Kisa, kivrilmis ve ¢ok koselidirler. Sekil ve
kivrim, celik lifler ile ¢cimentolu matris arasindaki siirtiinmeyi ve mekanik bagi en iist diizeye
cikarir. Kivrilmig liflerin kullanimi, 10, 15 ve 25 kg/m? dozlarinda (Normal beton) betonun
performansinda dnemli bir artisa neden olur.

Sekil 1. Helix mikro fiber [8]
2.2. Mikro Donati1 Kullanim Alanlari

yapisal perde
yapisal doseme
temeller

kirisler

puskiirtme beton
kaplama

prekast yapilarda
insaat demiri yerine
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2.1.1. Malzeme Ozellikleri

Tablo 1’de helix ¢elik liflerin malzeme 6zellikleri, tablo 2’de ise lif karigim oranina karsilik
slump degerleri verilmistir.

Tablo 1. Malzeme Ozellikleri [8]

Uzunluk 25 mm
Cap 0.5 mm
Cekme Dayanimi min 1700 MPa
Malzeme Yiiksek karbonlu celik
Sartnameler ACI 318
ACI 360

ASTM A820-Type 1

Tablo 2. Lif karisim orani-slump degeri [9]

Beton Karisimi Slump (mm)
Normal karisim 50
Dozaj 10 (kg/m?®) 60
Dozaj 15 (kg/m?®) 60
Dozaj 25 (kg/m?®) 80

3. MODELLEME
Modelleme ve analizler SAP2000 programi yardimiyla yapilmustir. 5 katli, kat yliksekligi
3 m, X yoniinde 4.5 m asks agiklikli 5 akstan, Y yoniinde 5 m asks agiklikli 3 akstan
olusan, diizgiin dikdortgen alanli konut modeli incelenmistir. SAP 2000 programinda
giiclendirilen dolgu duvarlar, basing cubuklar1 ile modellenmistir. Basing cubugunun
hesabi ve deprem yonetmeliginin [10] agir hasar olmadan deplasman sinir1 hesabi agagida
verilmistir.
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-
=
Beton Kalitesi Duvar Kalitesi Ankraj Kalitesi
c40 v Bosluklu fabrika tuglasi v 5.8 v
Duvar Genisligi Bd =200 mm Donati D:=8 mm
Duvar Boyu L,:=5000 mm
Duvar Yiiksekligi H,:=3000 mm Kolon Genisligi B, :=250 mm
S = Kolon Eni D, :=500 mm
Duvar Késegen Uzunlugu r 4i=4 Ly +H;” =5,831m Kolon Yiiksekligi H :=3000 mm
T4
F- — 29,1548 30 dan kigik olacak
Ba ¢ Takviye Kalinhgr t,:=50 mm
H 3 3
B .H H .B
6 := —|= o k" k 7 4 Tk 5 4
atan 30,9638 I, t=———=5,625-10 cm I, '=———=3,9063-10 cm
d kx 12 ky 12

. 5 4
Ik ::Hln[Ikx; Iky]:3,9063'10 cm

1

Ed-Bd-sin[2-9) 3
=0,0007 —
mm

4-EC-Ik-Hd

(-0.4)
2q+= 0,175 (A4 Fy) r,=0,7645m

Kosegen basing gubuk elemaninin eksenel rijitligi

a -B.-E 2
d’ “d " "a —a .B —
kyi= =52447,0814 N Ay=ay-B;=0,1529m
rc!
mm
Kesme Dayanimi:  0,22-A4,-f,=100,9194 kN fyd::420 MPa
Va duv = 2q " Tq =30, 5816 kN Donati arlagi  d, := 150 mm
2
3,14-D 2
Donati Alani &, :=———— =10,5024 cm
p:=0,02 do 4 L

Vd_don =4, fyd-p =1284,4289 kN

v, =0,85-£' -ay-t,;=1299,7197 kN

d _takba d
Vy tak "= forg 3q" tg = 84,0995 kN

v :=0,85-61 MPa-a,-t,=1982,0726 kN
Vd takn ‘= 4r45MPa-a,-t;=170,1104 kN d_takba @ td

Yapinin deprem yonetmeligindeki tek modlu itme yontemlerinden depremin modal olmayan
yerdegistirme talebinin dogrusal olmayan spektral yerdegistirme olarak elde edilmesi kismina
gore hesab1 asagida verilmistir.
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Bu hesaba gore Sgi yani birinci dogal titresim periyodu T1’e karsi gelen dogrusal olmayan
spektralyerdegistirme degeri yaklasik 10 cm dir.

Ss = 14155 51 i=0.316 SDS:=1.386 Sm =0.474 g:=9.81
s S
T =0.2.——=0.0684 T, =——=0.302 ;=6 Gp=1
S 5.
DS DS
T1:=O.816
S,.(T)=if [ogrl]/\(rlg'ra] =0.5809
T
0.440.6:—|-Sp;
a
else
if [TangJ/\(TlgTb]
SDS
else +
il [TbST1]/\[T15TL]
Sp1
7
else
SDl'TL
2
T
2
T,
Sde(Tl]: +g-5,_(T)m=0.0961m
4.m
S, (T)=c, de[Tl]=0'0961m

Sekil 2. Model 1’in 3 boyutlu modellenmesi
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Sekil 3. Model 1’in plan goriiniisi

Static Nonlinear Case Plot Type Units
STATX ASCE 41-13 NSP N, mm, C
10 Displacement Current Plot Parameters

25 ASCENSP1
2 25_; Il | =N t | | ! ! ! ! Add New Parameters..

3 - Add Copy of Parameters
2947 | T

E Modify/Show Parameters.
175

1 5,: Target Displacement (V, D)
1 (19894422 184.439)

12573

Base Reaction

0.757

0.57

0.253
L L R A R L N AN R
60 120, 180, 240, 300, 360. 420. 480. 540. 600

Mouse Pointer Location Horiz Vert Show Calculated Values.

ok | Cancel

Sekil 4. Yapinin yiik-deplasman egrisi
3. BULGULAR

SAP 2000 programinda yapinin itme yontemiyle yiik-deplasman egrisi Sekil 4’te verilmistir.
Buna gore yesil ile verilen yapmin deplasmani, kirmiz1 ise yonetmelige gore kapasitesidir. ki
egrinin kesistigi yaklasik 18.4 cm deplasmanda bina agir hasarli olmaktadir. Yaklagik 45.6 cm
deplasmanda da yap1 yikilmaktadir.

4. SONUC, TARTISMA VE ONERILER

Calismada dolgu duvarli betonarme ¢ergeveli yapilarin, dolgu duvarlarinin gii¢lendirilmesi
amaciyla planlanan giiglendirmenin modellenmesi amaglanmistir. Giiglendirmede SAP 2000
programindan yararlanilmistir. Gii¢lendirilen dolgu duvarlar ¢apraz basing cubuklari olarak
modellenmistir. Basing ¢ubugunun hesab1 ve itme analiziyle yapinin agir hasar sinir1 deprem
yonetmeligine gore belirlenmistir. Giiglendirilmemis model i¢in agir hasar sinir1 yaklasik 10
cm bulunmus iken giiglendirme sonucu agir hasar, yaklasik 18.4 cm’ye ulasarak % 84 artmistir.
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Yikilma degeri ise yaklasik 46 cm deplasmana ulastiginda gozlenmistir. Elde edilen sonuglar
incelenen model igin bulunmustur. Farkli modeller i¢in analizler yapilmalidir.
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RESEARCH ON MATERIALS USED IN AIRCRAFT JET ENGINE DESIGN

UCAK JET MOTORU TASARIMINDA KULLANILAN MALZEMELERIN
ARASTIRILMASI

Dr. Ogr. Uyesi, Tuba DEMIREL, 2Melike TURKASLAN

Makine Miihendisligi Bﬁlﬁmji, Miihendislik Fakiiltesi, Hasan Kalyoncu Universitesi,
Gaziantep, TURKIYE, ORCID: 0000-0002-5760-3705

Makine Miihendisligi Bﬁlﬁmji, Miihendislik Fakiiltesi, Hasan Kalyoncu Universitesi,
Gaziantep, TURKIYE, ORCID: 0009-0008-6883-1149

OZET

Hava araclarina itki sistemi olarak basinglandirilmis havanin kullanimini saglamak amaciyla
jet motorlar1 tasarlanmistir. Jet motoru tasariminda, malzemelerin se¢imi; motorun
performansi, agirligi, dayamiklilifi ve maliyeti ilizerinde biiyiik etkiye sahiptir. Yiiksek
performansli jet motorlari, genellikle 6zel olarak tasarlanmis ve yiiksek mukavemetli
malzemelerle iiretilmis bilesenleri icermektedir. Jet motorlarindaki malzeme se¢imi motorun
performansini da optimize etmek i¢in kullanilmaktadir. Jet motoru tasariminda kullanilan
malzemeler, yiiksek sicakliklara, asinmaya, basinca ve diger zorlu kosullara dayanabilme
yeteneklerine sahip olmalidir. Ek olarak; kaplama uygulamalarinin jet motoru tasarimindaki
parametrelerini de etkilemektedir. Malzeme se¢imindeki alternatifler; {liriin maliyetleri, {iretim
karmasiklig1 ve diger faktorler ile dengelenmesi i¢in gerekli olmaktadir.

Bu derleme c¢aligmasinda; jet motorlarin nasil iretildigi, hangi asamalardan gectigi, jet
motorunda kullanilan malzeme se¢imi ve havacilik sektoriindeki 6nemi ele alinmstir. Jet motor
parca Omiirlerinin ve uygulanacak bakim araliklarinin tespit edilmesine de 1s1k tutacaktir.

Anahtar Kelimeler: Jet Motoru, Mekanik Ozellikler, Tasarim ve Malzeme.
ABSTRACT

Jet engines are designed to provide thrust to aircraft using compressed air. In the design of jet
engines, the choice of materials has a significant impact on the engine's performance, weight,
durability, and cost. High-performance jet engines typically include specially designed
components made from high-strength materials. The selection of materials in jet engines is used
to optimize the engine's performance. Materials used in jet engine design must have the ability
to withstand high temperatures, wear, pressure, and other challenging conditions. Additionally,
coating applications also affect parameters in jet engine design. Choosing the right material is
a matter of balancing product cost, production complexity and more.

The production process of jet engines, the stages they go through, the choice of materials used
in jet engines, and their importance in the aviation industry have been addressed. It looks at
how engine parts are designed to last and how to determine maintenance intervals.

Keywords: Jet Engine, Mechanical Properties, Design and Material.
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ANALYSIS OF SURFACE ROUGHNESS DURING MACHINING OF DIN1.2885
STEEL WITH COATED AND UNCOATED CBN INSERTS

KAPLAMALI VE KAPLAMASIZ CBN KESiCi UCLARLA DIN1.2885 CELIiGIN
ISLENMESI SIRASINDA YUZEY PURUZLULUGU ANALIZi

Mehmet Erdi KORKMAZY" Mustafa GUNAY?, Halil DEMIR?

Assoc. Prof. Dr., Karabiik University, Mechanical Engineering, 0000-0002-0481-6002
2Prof. Dr., Karabiik University, Mechanical Engineering, 0000-0002-1281-1359
3Prof. Dr., Karabiik University, Manufacturing Engineering, 0000-0002-9802-083X

Abstract

Many academic studies conducted under dry cutting conditions show that values of
machinability indicators vary depending on the cutting tool quality. This study focused on the
experimental and statistical analysis of surface roughness (Ra) in turning of the hardened tool
steel with coated and uncoated CBN inserts under minimum quantity lubrication (MQL) cutting
environment. The hard turning experiments were performed with Taguchi’s experimental
design. The analysis of variance was applied to determine the effects of cutting parameters,
namely, cutting depth, feed rate and cutting speed for Ra. According to experimental results,
surface roughness values increase with increasing feed rate and depth of cut. While the lowest
Ra value with uncoated CBN was measured as 0.139 um at 0.01 mm/rev feed, 0.1 mm cutting
depth and 100 m/min cutting speed, it was obtained as 0.147 um with coated CBN at the same
levels of cutting parameters. When tool performances were compared for Ra, it was determined
that the surface roughness was on average 30% higher with the coated tool. This result is
attributed to the increased plastic deformation due to the micro change in the tool geometry due
to the coating - the increase in roundness on the cutting edge - and therefore to the likely
increased tool vibrations. According to the ANOVA results, the most important parameter on
surface roughness for both tools is the depth of cut, while the secondary important parameter is
the feed rate.

Keywords: Tool steel, CBN insert, MQL, surface roughness, ANOVA
Ozet

Kuru kesme kosullarinda yapilan birgok akademik calisma, islenebilirlik gostergelerinin
degerleri kesici takim kalitesine bagl olarak degistigini géstermektedir. Bu ¢aligma, minimum
miktar yaglamali (MQL) kesme ortaminda kaplamali ve kaplamasiz CBN Kkesici uglarla
sertlestirilmis takim c¢eliginin tornalanmasinda yiizey piriizliliginin (Ra) deneysel ve
istatistiksel analizine odaklanmistir. Sert tornalama deneyleri Taguchi'nin deneysel tasarimiyla
gergeklestirildi. Ra i¢in kesme derinligi, ilerleme hizi ve kesme hizi gibi kesme parametrelerinin
etkilerini belirlemek amaciyla varyans analizi uygulandi. Deneysel sonuglara gore ilerleme hiz
ve kesme derinligi arttikca ylizey piriizliiliik degerleri artmaktadir. En diisik Ra degeri
kaplamasiz CBN ile 0.01 mm/dev ilerleme, 0.1 mm kesme derinligi ve 100 m/dk kesme hizinda
0.139 um olarak o6lgiiliirken ayn1 kesme parametrelerinde kaplamali CBN ile 0.147 pum olarak
elde edilmistir. Ra igin takim performanslar1 karsilastirildiginda kaplamali takimda yiizey
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puriizliliiginiin ortalama %30 daha yiiksek oldugu belirlendi. Bu sonug, kaplama nedeniyle
takim geometrisindeki mikro degisiklik (kesme kenarindaki yuvarlakligin artmasi) nedeniyle
artan plastik deformasyona ve dolayisiyla muhtemelen artan takim titresimlerine atfedilir.
ANOVA sonuglarina gore her iki takim igin de yilizey piiriizliliigiini etkileyen en 6nemli
parametre kesme derinligi, ikinci 6nemli parametre ise ilerleme hizidir.

Anahtar kelimeler: Takim geligi, CBN kesici ug, MQL, yiizey piiriizliligi, ANOVA
1. INTRODUCTION

Hot work tool steels with superior temperature strength, high toughness, and resistance to
thermal fatigue and shock are commonly favored in many industrial applications. The
chromium hot work steels are extensively utilized for aluminum extrusion, light metal die
casting, and steel forging applications [1]. However, these steels provide challenges in
machining due to their chemical composition, microstructure, inclusions, and thermo-
mechanical characteristics. Distortion often arises when the die undergoes heat treatment.
Consequently, a machining allowance is intentionally retained on the die before hardening to
counteract these drawbacks and guarantee accurate measurements and surface quality. It is
feasible to modify the die following the hardening and tempering process by finish machining
techniques like as grinding, hard machining, and others. The primary focus of hard turning is
on the cost of tool materials and the impact of cutting conditions on machinability requirements.
The utilization of cubic boron nitride and ceramic tools for machining hardened steels is widely
recognized as a superior alternative to grinding. This approach effectively reduces both the time
required for tooling and the overall cost of machining, while eliminating the need for lubrication
[2]. Furthermore, the task of constructing a complete model that incorporates all machining
circumstances and aspects linked to machinability requirements is quite challenging. Machining
parameters, workpiece material's mechanical characteristics, machine tool stiffness, tool
material, and coolant method can have a substantial impact on machinability criteria such as
cutting forces, surface roughness, tool life, and dimensional accuracy [3,4]. Optimal control
over machinability requirements in hard turning may be achieved by carefully selecting values
for cutting speed, feed rate, and depth of cut [5]. Nevertheless, inappropriate cutting parameters
have detrimental impacts on the machining outputs, such as increased machining time and cost.
The design of experiments and analysis for the machining process, followed by the optimization
of machining output, are crucial in reducing machining costs [6]. Furthermore, several scientists
have noted a divergence among researchers about the use of coolants or lubricants in the process
of hard turning. Hence, it is necessary to ascertain environmentally appropriate substitutes for
traditional cutting fluids in the context of hard turning, as shown in several studies [7]. Recently,
scientists utilized nanoparticles in traditional lubricants owing to its significant increase in
thermo-mechanical, and heat transmission capabilities, lower the friction coefficient and wear
impact to boost the efficiency and reliability of machine tools [8]. Currently, a multitude of
experimental and statistical investigations are being conducted. These studies focus on utilizing
experimental design and analysis methodologies to ascertain the impact of cutting
circumstances on machinability criteria. Aouici et al. employed response surface methodology
(RSM) to analyze the hard turning of DIN 1.2343 steel using a CBN tool. The objective was to
develop mathematical models that accurately predict the cutting forces and surface roughness.
According to their specification, the cutting forces are most influenced by the depth of cut and
workpiece hardness, whereas surface roughness is most significantly affected by the feed rate
and workpiece hardness [9]. Boy et al. focussed on improving the cutting conditions to reduce
the surface roughness, inner-diameter error and roundness in bearing rings produced by hard
turning of AISI 52100 steel with coated CBN insert. According to the analysis of variance data,
the feed rate has the most significant impact on the surface roughness, whereas the cutting speed
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is the primary factor affecting the roundness and inner-diameter error [10]. Kacal conducted a
study to examine the cutting efficiency of a ceramic insert when turning hardened PMD 23
steel. The study focused on evaluating surface roughness and tool wear under varying cutting
speeds, feed rates, and depth of cuts. According to the experimental data, the feed rate has the
greatest impact on Ra, followed by the depth of cut [11]. Islam examined the surface roughness
and dimensional accuracy characteristics (including diameter error and circularity) using dry,
wet, and minimal amount lubrication turning techniques on various materials. According to the
author, the use of various cooling techniques has an impact on surface roughness and
dimensional values. The most favorable outcome is achieved when employing the Minimum
Quantity Lubrication (MQL) technique [12]. Sarikaya and Gullu utilized Taguchi based grey
relation analysis to optimize the MQL process parameters, including cutting fluid, flow rate,
and cutting speed, with respect to tool wear forms and surface roughness in the turning of
Haynes 25 super alloy. The ANOVA findings indicate that the cutting fluid, fluid flow rate, and
cutting speed contributed to the process parameters with the following percentages: cutting fluid
(13%), fluid flow rate (13%), and cutting speed (13%) [13]. Paul and his colleagues investigated
the parameters for applying the least amount of fluid to reduce surface roughness, flank wear,
cutting force, tool vibration, and cutting temperature during the machining of AISI 4340 steel.
The authors highlighted that tool vibration decreased during hard turning with minimum fluid
application, resulting in improved cutting performance compared to dry turning and wet turning
with a commercial cutting fluid delivered at a rate of 5 I/min [14]. Mia and her colleagues
conducted a study on the surface roughness that occurs when turning hardened steel with a
hardness of 600 BHN, using an uncoated carbide tool and applying minimum quantity
lubrication (MQL). According to the study, the cutting speed has no significant impact on
surface roughness, but the feed rate is an essential determinant for roughness [15].

2. EXPERIMENTAL AND STATISTICAL PROCEDURE

The workpiece material was a hot work tool steel with the following chemical composition:
0.32% C, 0.40% Mn, 2.75% Co, 2.95% Cr, 2.8% Mo, 0.55% V and balance Fe. This material
has high toughness, high thermal shock resistant and wear resistance in high temperatures. The
hardness of workpiece material was increased to +54 HRC with vacuumed hardening method.
The workpiece was prepared in the shape of round bars with diameter of 50 mm and cutting
length of 250 mm. CNGA120404 coded uncoated and coated cubic boron nitride (CBN) inserts
and PCLNR 2525M12 coded tool holder branded Kyocera were used in hard turning tests. The
combination of toolholder and cutting tool has negative rake angle (y)= -5°, clearance angle
()= 5°, inclination angle (A)=-5° and approaching angle (yr)=95°. Machining tests were
performed on Johnford TC-35 CNC turning centre under minimum quantity lubricant (MQL)
cutting environment. UFB20-Basic cooling system branded SKF was preferred as MQL
applicator. The Lubrioil was used as lubricant type owing to the characteristic properties of
DIN 1.2885 steel. It has been decided after preliminary tests that the flow rate is selected as
16.25 ml/min for MQL application.

In evaluating the performance of uncoated and coated CBN inserts, the average surface
roughness (Ra) was considered as the machinability criteria of DIN 1.2885 steel. Mahr
Perthometer M1 type roughness apparatus was used to measure surface roughness during hard
turning. The experiments were repeated two times and surface roughness was evaluated by
taking the arithmetic average of the value measured from three places.

The cutting parameters that directly affect the machinability criteria for example surface quality
were determined, and then prepared an experimental design according to Taguchi method. The
Taguchi methodology is a widely used, because it is an exclusive and powerful technique for
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product or process improvement. For this purpose, three factors were chosen as cutting depth
(a), feed rate (f) and cutting speed (V). The levels of these parameters were preferred by
referencing the recommendation of insert manufacturer and literature on hard turning (Table
1). Taguchi Lo orthogonal array was used for experimental plan based on the factor and levels
to save machining time and reduce costs. Also, the analysis of variance (ANOVA) was
conducted to determine the influence of cutting parameters on surface roughness.

Table 1
Cutting parameters and levels

Parameters Units Levels

Cutting depth (a) mm 0.1 0.2 0.3
Feed rate (f) mm/rev 0.05 0.1 0.15
Cutting speed (V) m/min 100 150 200

3. RESULTS AND DISCUSSION
3.1. Evaluation of Experimental Results

Hard turning experiments for hot work tool steel were performed by using uncoated and coated
CBN inserts under minimum quantity lubrication (MQL). The variations of surface roughness
acquired in MQL cutting environments for uncoated and coated CBN are given in Figure 1 and
2, respectively.
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032 |_g_ g1

Cutting depth (a) D24 |—#— 03

01e
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Figure 1. Interaction plot of Ra for Uncoated CBN

The values of average surface roughness (Ra) exhibit an upward trend as the feed rate and depth
of cut increase, as seen in Figure 1. Similarly, it was established that the Ra values do not
diminish when the cutting speed increases due to the implementation of a hybrid experimental
design. The minimum surface roughness value of 0.139 um was achieved by using the lowest
feed rate, depth of cut, and cutting speed under Minimum Quantity Lubrication (MQL) cutting
circumstances, employing uncoated CBN inserts. The maximum surface roughness achieved
was 0.36 um, using a feed rate of 0.15 mm/rev, a depth of cut of 0.3 mm, and a cutting speed
of 150 m/min.
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Figure 2. Interaction plot of Ra for Coated CBN

The values of average surface roughness (Ra) for coated CBN inserts tend to rise as the feed
rate and depth of cut increase, as seen in Figure 2. Similarly, it was established that the Ra
values do not diminish when the cutting speed increases due to the implementation of a hybrid
experimental design. The minimum surface roughness value of 0.147 um was achieved by using
the lowest feed rate, depth of cut, and cutting speed under Minimum Quantity Lubrication
(MQL) cutting circumstances with uncoated Cubic Boron Nitride (CBN) inserts. The maximum
surface roughness achieved was 0.617 um, using a feed rate of 0.15 mm/rev, a depth of cut of
0.3 mm, and a cutting speed of 150 m/min.

3.2. Analysis of Variance for Surface Roughness

An analysis of variance (ANOVA) was conducted to assess the impact of cutting parameters
on the primary cutting force and average surface roughness while machining with an uncoated
CBN insert of AISI H10A hot work tool steel under a minimal quantity lubrication (MQL)
cutting environment. Tables 2 and 3 display the outcomes of the ANOVA analysis for the
cutting force and surface roughness, respectively.

Table 2
ANOVA for Uncoated CBN

Factor DF SS MS F P PCR (%)
a 2 0.099913 | 0.049956 |33.61 0.029 53.35

f 2 0.079346 |0.039673 |26.69 0.036 42.37

\ 2 0.005033 |0.002516 |1.69 0.371 2.69
Error 2 0.002973 | 0.002973 1.59
Total 8 0.187264 100
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Table 3

ANOVA for Coated CBN
Factor |DF SS MS F P PCR (%)
a 2 0.031993 |0.015996 |465.91 |0.002 69.68
f 2 0.013454 |0.006727 |195.93 |0.005 29.31
% 2 0.000393 |0.000196 |5.72 0.149 0.86
Error 2 0.000069 | 0.000034 0.15
Total 8 0.045908 100

Conference Book

In order to establish the effectiveness of any parameter on the surface roughness, it is necessary
for the p-value to be less than 0.05 at a 95% confidence level. The Ra was mostly influenced
by the depth of cut(a), which had a PCR (percentage contribution rate) of 53.35% for uncoated
CBN inserts. On the other hand, the surface roughness for coated CBN inserts was also mainly
affected by the depth of cut (a), which had a PCR of 69.68%. These findings may be shown in
Table 2 and 3. The feed rate are also statistically significant characteristics on Ra for both
uncoated and coated CBN inserts, with a PCR of 42.37% and 29.31%, respectively.

4. CONCLUSIONS

The purpose of this study was to analyze and simulate the impact of cutting parameters on
surface roughness (Ra) and cutting force (Fc) during the process of hard turning hot work tool
steel. The study specifically focused on the use of a coated cubic boron nitride (CBN) insert in
a minimum quantity lubrication (MQL) cutting environment. Here is a summary of the
outcomes.

e The minimum Ra values of 0.139 um were observed while using uncoated CBN inserts
at the lowest feed rates, depth of cut, and cutting speeds.

e The minimum Ra value of 0.147 pum was obtained by using the coated CBN insert at
the lowest feed rate, depth of cut, and cutting speed.

e The surface quality achieved with Uncoated CBN is 5.8% superior to that achieved with
coated CBN.

e The ANOVA analysis with a 95% confidence interval revealed that the depth cut on Ra
is the most influential parameter, with a 53% improvement for the Uncoated CBN insert
and a 69% improvement for the Coated CBN insert.
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Abstract

In this research, experimental and statistical analyzes were conducted to model and evaluate the
effects of depth of cut, feed rate, and cutting speed on machinability indicators such as surface
roughness (Ra) and main cutting force (Fc) during turning of hot work tool steel under
minimum quantity lubrication (MQL) cutting environment. The machining experiments on the
hardened tool steel by using coated CBN inserts were performed with Taguchi’s Lo orthogonal
array. The analysis of variance was applied to examine the effects of cutting parameters for the
Fc and Ra. Additionally, the relationship between the cutting parameters and the responses or
machinability indicators were modelled by multiple regression analysis under MQL. It was
determined that Fc values increased with increasing feed rate and depth of cut, and this result
was attributed to the increasing chip cross-section. The lowest Fc was measured as 64.32 N at
the smallest values of feed rate, cutting depth and cutting speed. The lowest Ra value was
measured at the lowest feed rate, cutting depth and cutting speed. Based on ANOVA results, it
was found that the most influential parameter is cutting depth for surface roughness while the
feed rate is for the cutting force. Mathematical models have a high coefficient of determination
(R?), indicating that predicted and experimental values are in good agreement with each other.
Namely, the R? values of surface roughness and cutting force were found as 97.49 and 97.22,
respectively.

Keywords: Tool steel, MQL, mathematical model, cutting force, surface roughness
Ozet

Bu aragtirmada, minimum miktarda yaglama (MQL) kesme ortaminda sicak is takim ¢eliginin
tornalanmasi sirasinda kesme derinligi, ilerleme hizi ve kesme hizinin yiizey puriizliligi (Ra)
ve ana kesme kuvveti (Fc) gibi islenebilirlik gostergeleri tizerindeki etkilerini modellemek ve
degerlendirmek i¢in deneysel ve istatistiksel analizler yapilmistir. Kaplamali CBN kesici uglar
kullanilarak sertlestirilmis takim ¢eligi lizerinde isleme deneyleri Taguchi'nin Ly ortogonal
dizisi ile gerceklestirildi. Fc ve Ra igin kesme parametrelerinin etkilerini degerlendirmek
amaciyla varyans analizi uygulandi. Ek olarak, kesme parametreleri ile tepkiler veya
islenebilirlik gostergeleri arasindaki iliski, MQL altinda ¢oklu regresyon analizi ile
modellenmistir. Ilerleme hiz1 ve kesme derinligi arttikca FC degerlerinin arttig1 belirlenmis ve
bu sonug artan talas kesitine baglanmustir. ilerleme, kesme derinligi ve kesme hizinin en kiigiik
degerlerinde en diisiik Fc 64.32 N olarak olgiilmiistiir. En diisiik Ra degeri en diisiik ilerleme
hizi, kesme derinligi ve kesme hizinda ol¢ilmistir. ANOVA sonuglarina gore yiizey
plriizliligi i¢in en etkili parametrenin kesme derinligi, kesme kuvveti igin ise ilerleme
oraninin oldugu bulunmustur. Matematiksel modeller yiiksek bir belirleme katsayisina (R?)
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sahip olup, tahmin edilen ve deneysel degerlerin birbiriyle uyumlu oldugunu gostermektedir.
Yani yiizey piiriizliiliigii ve kesme kuvvetinin R? degerleri sirasiyla 97.49 ve 97.22 olarak
bulunmustur.

Anahtar kelimeler: Takim celigi, MQL, matematiksel model, kesme kuvveti, yiizey
plrtizliligi
1. INTRODUCTION

Hot work tool steels having high temperature strength and toughness, high resistance to thermal
fatigue and shock are preferred frequently in many industrial applications (Shivpuri, 2005). On
the other hand, these steels due to the chemical composition with strong carbide forming
elements as Cr, V and Mo, microstructure, and thermo-mechanical properties are difficult to
machine, and the processing of the complex part geometry constitutes a large part of the
producing cost of a part (Medvedev, 2009). Hard turning is mainly focused on the tool materials
cost and the effect of the cutting environments on machinability criteria. The machining of the
hardened steels using cubic boron nitride (CBN) and ceramic tool are commonly known as a
best replacement instead of grinding to reduce the tooling time and machining cost, keep off
the lubrication (Meddour et al. 2015). On the other hand, it is very difficult to develop a
comprehensive model with related to any machinability criteria involving all machining
environments due to contain many factors. The machinability criteria such as cutting forces,
surface roughness, tool life, dimensional accuracy can be significantly affected by machining
parameters, mechanical properties of workpiece material, rigidity of machine tools, tool
material and coolant technique (Chinchanikar and Choudhury, 2015; Eren et al., 2020). Also,
the modeling of energy consumption and energy efficiency assessment depending on machine
tools, which is the main energy consuming equipment, for the manufacturing system is known
as a precondition for energy saving in manufacturing and at the same time a step toward
sustainability (Zhou et al. 2016; Giinay, 2022). For this concept, the properties of workpiece
material, and tool properties (geometry, material, tool wear), the machining characteristics
(machining type, cutting parameters, cooling/lubricating) and machine tool features have a
comprehensive impact with regard to the energy consumption, especially in turning process
(Ugur et al., 2022). For example, the control of the machinability criteria is primarily provided
by selecting appropriate values of cutting speed, feed rate and cutting depth in hard turning. In
this context, experimental design and analysis for machining processes, then optimization of
machinability criteria is great importance with regards to decrease machining cost and to
support indirectly sustainable machining (Yurtkuran et al. 2016). Also, some scientists detected
that there is a discrepancy between the researchers with respect to the use of coolants or
lubricants in hard turning. Thus, it is required to recognize ecofriendly alternatives to traditional
cutting fluids when hard machining as can be specified in various investigations.

Newly, there are completed numerous experimental and statistical studies which are depend on
design and analysis of experiment procedures to identify the influences of cutting environment.
Aouici et al. (2012) conducted response surface methodology in hard turning of DIN 1.2343
steel with CBN insert in order to acquire mathematical models for the cutting forces and surface
roughness. They specified that the cutting depth and workpiece hardness are the most important
factor on cutting forces while the feed amount and workpiece hardness have the most significant
for surface roughness. Boy et al. (2015) addressed on optimizing the cutting environments to
minimize the surface roughness, inner-diameter error and roundness in bearing rings produced
by hard turning of AISI 52100 steel with coated CBN. The authors stated that feed rate is the
key factor for the surface roughness while the cutting speed is the major factor for the roundness
and inner-diameter error. Kagal (2014) investigated the performance of ceramic tool with
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respect to the surface roughness and tool wear in machining of PMD23 steel with different
cutting speed, feed rate and cutting depth. The experimental results showed that feed rate is the
most substantial factor for the surface roughness followed by cutting depth. Islam (2013)
examined the surface roughness, diameter error and circularity via dry, wet and minimum
quantity lubrication turning processes applied to different materials. The author indicated that
surface roughness and dimensional values are affected by different cooling methods and the
best result is obtained with MQL application. Arsene et al. (2021) investigated the performance
of MQL application on surface roughness and tool wear in hard turning by performing dry and
MQL experiments on hardened AIDI D2 steel at different cutting speeds and feeds. They
emphasized that corn oil creates a strong anti-wear and anti-friction lubrication film in hard
turning, increases roughness by 10-15% and tool life by 15-20%, thus reducing costs. Paul et
al. (2016) studied MQL parameters for minimizing surface roughness, flank wear, cutting force,
tool vibration and cutting temperature in machining of AISI 4340 steel. The authors emphasized
that tool vibration reduced in hard turning with least fluid application and the better cutting
performance was provided as compared with dry turning and wet turning. Laakso et al. (2022)
carried out turning simulations and experiments for powder-based Cr-Mo-V tool steel under
MQL supercooled to -10 °C and MQL environments with CBN tool. Little difference was seen
between supercooled MQL and MQL in terms of wear behavior, cutting force, or cutting
temperatures. It has been shown that surface deformations have a significant impact on the
simulated cutting forces after the first tool pass, highlighting that this is an important result for
inverse material modelling.

2. MATERIAL AND METHOD

The workpiece material was a hot work tool steel (DIN 1.2885) with the following chemical
composition: 0.32% C; 0.40% Mn; 2.75% Co; 2.95% Cr; 2.8% Mo; 0.55% V and balance Fe.
The workpiece was prepared in the shape of round bars with dimensions of 50x250 mm with a
hardness of +£54 HRC. Coated cubic boron nitride (CBN-TiAIN) inserts with CNGA120404
coded and PCLNR 2525M12 coded tool holder branded Kyocera were used in the turning
experiments. Hard machining tests were performed on a CNC lathe under minimum quantity
lubricant (MQL) cutting environment. UFB20-Basic cooling system branded SKF was
preferred as MQL applicator. The Lubrioil was used as lubricant type owing to the characteristic
properties of DIN 1.2885. It has been decided after preliminary tests that the flow rate is selected
as 16.25 ml/min for MQL application.

The cutting forces were measured by using a piezoelectric dynamometer (Kistler 9257B type)
during turning of workpiece material. The primary cutting force (Fc) which is generally the
highest force and accounts for the majority of the required power in the turning process, and
mean surface roughness (Ra) were considered as the machinability criteria of DIN 1.2885 steel.
Mahr Perthometer M1 type roughness apparatus was used to measure surface roughness during
the turning experiments. The experiments were repeated two times and surface roughness were
evaluated by taking arithmetic average of the three measured values.

The cutting parameters that directly affect the machinability criteria such as cutting forces and
surface quality were determined, and then done an experimental design and optimization
according to Taguchi method. For this purpose, three factors were chosen as cutting depth (a),
feed rate (f) and cutting speed (V). The levels of these parameters were preferred by referencing
the recommendation of cutting tool manufacturer and scientific studies on hard turning. Taguchi
Lo orthogonal array was used for experimental plan based on the factor and levels in order to
save machining time and reduce costs (Table 1). Moreover, the experiments conducted with
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coated CBN inserts were performed in MQL cutting environment using the same experimental
design.

Table 1

Lo orthogonal experimental design

Exp.No a, mm f, mm/rev V, m/min
1 0.1 0.05 100
2 0.1 0.1 150
3 0.1 0.15 200
4 0.2 0.05 150
5 0.2 0.1 200
6 0.2 0.15 100
7 0.3 0.05 200
8 0.3 0.1 100
9 0.3 0.15 150

3. RESULTS AND EVALUATION
3.1. Evaluation of Experimental Results

Hard turning experiments for hot work tool steel were performed by using coated CBN inserts
under minimum quantity lubrication (MQL) cutting environment. The variations of primary
cutting force (Fc) and surface roughness (Ra) are given in Figure 1 and 2, respectively. As seen
from Figure 1, Fc values are increased with incrementing cutting depth and feed rate, and this
situation was attributed to increasing chip cross-section with incrementing f and V, as stated in
previous study (Keblouti, 2017). On the other hand, it is seen that Fc values increase with
increasing cutting speed. This is an expected result and is attributed to the softening of the
material and the decrease in shear resistance with increasing cutting speed. The lowest Fc value
was obtained as 64.32 N with feed rate of 0.05 mm/rev, cutting depth of 0.1 mm and cutting
speed of 100 m/min. The highest Fc value was obtained as 198.12 N with feed rate of 0.15
mm/rev, cutting depth of 0.3 mm and cutting speed of 150 m/min.
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Figure 1. Fc variation based on cutting parameters
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Figure 2 shows the surface roughness values obtained at MQL cutting environment with coated
CBN inserts. It appears that surface roughness is affected by cutting parameters similar to
cutting forces. Ra values increased due to increasing plastic deformation and possible vibrations
as the cutting depth and feed rate increased (Chinchanikar and Choudhury, 2015). On the other
hand, the increasing cutting temperature with the increase in cutting speed facilitated chip
formation and reduced Ra, providing a more stable cutting, as mentioned by Yurtkuran et al.
(2016). The lowest Ra value was measured as 0.147 um at the lowest levels of feed rate, depth
of cut and cutting speed. The highest Ra was measured as 0.617 um with feed rate of 0.15
mm/rev, cutting depth of 0.3 mm and cutting speed of 150 m/min.
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Figure 2. Ra variation based on cutting parameters

3.2. Modelling of Fc and Ra

Additionally, the relationship between the parameters (cutting depth, feed rate and cutting
speed) and machinability criteria (primary cutting force and surface roughness) were modelled
by multiple regression analysis. If the machinability criteria can be expressed by a linear
function of the parameters, then the approximate function is a first order model. Hence, a first
order mathematical model with three parameters can be defined as:

y= JGD +1‘91-’:1+ ﬁ:x: +ﬁax3 + 184:’:1:’:2 +J£5x1x3 + ﬁex:xﬂ (1)

Here, y is the associated response, and X1, X2 and xs are the level of parameters like cutting depth,
feed rate and cutting speed, respectively. £; is the response of the Fc or Ra at the base level; 54
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, B2, B3 are the coefficients associated with each parameter, B, B5, B are the interaction
coefficients in the coded forms. Afterward calculating each of the coefficients of Eq. (1) and
substituting the coded values of the parameters for any experimental condition, the predictive
models obtained for the primary cutting force and surface roughness are given in Egs. (2) and
(3). The coefficients of determination (R?) values in the current study are high and near to 1
which are required to predict the responses (Gilinay and Meral, 2020).

Fc = —18.8 + 377a + 269f — 0.068V + 2191af — 0.53aV — 3982 (R2=97.22%) (2)
Ra = 0.216 — 2.127a + 0.689f + 0.000075V + 7,74af — 0.00106aV + 6.85a2(R?>=97.49%)  (3)

The adequacy of developed models was considered by examining of residuals. The residuals
are the variance between the experimental and the predicted results and they are evaluated with
the probability plots of the responses for mathematical models. When this plot is in good
agreement with the straight line, at that point the normality assumption is provided (Mia et al.,
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Figure 3. Probability plots of results; a) Fc, b) Ra

A graphical comparison was applied for the quadratic model using the normal probability
graphs of the residuals and the predicted values of Fc and Ra. As can be seen from Figure 3,
the experimental and predicted values are scattered in a straight line. This means that the errors
in the resulting formulations are normally distributed. As a result of these plots and the
calculated R?, the predictive models obtained via multiple regression analysis are quite reliable
at confidence interval of 95%.

4. CONCLUSIONS

This study was conducted to model and examine the effects of cutting parameters on Ra and Fc
in hard turning of hot work tool steel with a coated CBN cutter in the MQL environment. The

results are summarized below.
- The lowest Fc and Ra were determined as 0.147 pm and 64.32 N at the lowest levels of feed,
depth of cut and cutting speed, respectively.

- The highest Fc and Ra were measured as 198.12 N and 0.617 um, respectively, at 0.15 mm/rev
feed, 0.3 mm cutting depth and 150 m/min cutting speed,

- The predictive models obtained via regression analysis for Fc and Ra is quite reliable at
confidence interval of 95%.
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BUKALEMUN SURU ALGORITMASIYLA ENERJI TUKETIM TAHMINININ
PERFORMANS ANALIiZi
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Ozet

Enerji talebinin hayati onemi, biiyliyen niifus, hizla artan sehirlesme, genisleyen sanayi
faaliyetleri ve teknolojik gelismelerin yani sira artan refah seviyeleri ile birlikte siirekli bir artis
egilimindedir. Bu talebin biiylik bir boliimii, 6zellikle elektrik enerjisi olmak lizere, ¢esitli enerji
kaynaklar1 tarafindan karsilanmaktadir. Enerji yiik talebi tahmini, enerji kaynaklarinin verimli
kullanimim1 ~ saglayarak kesintileri Onleme ve siirdiiriilebilir enerji  politikalarinin
olusturulmasinda kilit bir rol oynar. Ayrica, enerji altyapisinin kapasite planlamasinda ve yeni
yatirimlarin gerekliliginin belirlenmesinde 6nemlidir. Yiik tahmini, daha diisiik hata oranlariyla
gerceklestirildiginde daha etkili hale gelir. Bu tahminlemede yapay sinir aglar1 siklikla
kullanilmaktadir. Bu aglarin parametrelerinin belirlenmesinde metasezgisel algoritmalar
kullanilarak manuel olusturulan YSA’ya gore daha iyi performanslar gostermektedir. Bu
calismada, Bukalemun Siirii Algoritmasi (BSA) kullanilarak yapay sinir aginin parametrelerini
belirleyerek hibrit bir yapt BSA-YSA modeli olusturulmustur. Bu yaklasim, genetik
algoritmalar1 veya evrimsel stratejileri kullanarak sinir aglarinin mimarisini, agirliklarin1 veya
hiperparametrelerini optimize etmeyi amaglar. Bukalemun Siirii Algoritmasi1 (BSA), dogada
bukalemunlarin avlarim1 yakalamak i¢in kullandiklar1 gorsel kamuflaj yeteneklerinden
esinlenilerek tasarlanan bir meta-sezgisel optimizasyon algoritmasidir. Bu algoritma gorsel
kamuflaj ilhami ve yamyamlik ilkesine sahiptir. Bu avantajlari optimizasyon problemi
¢coziimleme siirecinde c¢evresel uyum yetenegi ve kotii uyumlu bireyleri ortadan kaldirarak
popiilasyonun hizli bir sekilde konverjansini saglamaktadir. Enerji tiikketim verilerinde sicaklik,
nem, aydinlatma kullanimi ve yenilenebilir enerji iiretimi giris verileri alinarak kisa donem yiik
tahmini yapilmistir. Bu tahminlemeye dayali performans ortalama karesel hata ve dogruluk
analizi lizerinden incelenmistir.

Anahtar kelimeler: Bukalemun siirii algoritmasi, enerji tiiketimi, makine O6grenme
algoritmalar1, tahmin

Abstract

The vital importance of energy demand continues to rise in tandem with the growing
population, rapid urbanization, expanding industrial activities, and technological
advancements, along with increasing levels of prosperity. A significant portion of this demand
is met by various energy sources, particularly electricity. The prediction of energy load demand
plays a crucial role in ensuring the efficient utilization of energy resources, preventing
interruptions, and shaping sustainable energy policies. Additionally, it is essential in the
capacity planning of energy infrastructure and determining the necessity for new investments.
Load forecasting becomes more effective when performed with lower error rates. Artificial
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neural networks are commonly used in this prediction process, and their parameters are often
optimized using metaheuristic algorithms, exhibiting better performance compared to manually
created Artificial Neural Networks (ANN). In this study, a hybrid structure, the CSA-YSA
model, was developed by determining the parameters of an artificial neural network using the
Chameleon Swarm Algorithm (CSA). This approach aims to optimize the architecture, weights,
or hyperparameters of neural networks using genetic algorithms or evolutionary strategies. The
CSA is a metaheuristic optimization algorithm designed by drawing inspiration from the visual
camouflage abilities used by chameleons to catch their prey. This algorithm incorporates visual
camouflage inspiration and the principle of cannibalism. These advantages facilitate rapid
convergence of the population in the optimization problem-solving process by fostering
environmental adaptability and eliminating poorly adapted individuals. Short-term load
forecasting was conducted by taking input data such as temperature, humidity, lighting usage,
and renewable energy production from energy consumption data. The performance of the
prediction was evaluated based on mean square error and accuracy analysis.

Keywords: Chameleon swarm algorithm, energy consumption, machine learning algorithms,
prediction

1. GIRIS

Giiniimiizde, artan niifus, endiistriyel gelisme ve teknolojik ilerlemeler, enerji ihtiyacini siirekli
olarak arttirmaktadir. Bundan dolay: enerji verimliligi kritik bir 6nem tasimaktadir. Bu enerji
ihtiyacinda 6zellikle elektrik enerjisi en fazla kullanima sahiptir. Elektrik sebekesinde arz-talep
dengesine odaklanan galismalarda enerji yiik talep tahmini 6ne ¢ikmaktadir. Dogru tahminler,
enerji tireticilerinin kaynaklari etkili bir sekilde yonetmelerine, enerji dagitimini planlamalarina
ve siirdiiriilebilir enerji politikalarini olusturmalarina yardime1 olmaktadir. Bu baglamda, dogru
enerji yiikk talep tahminleri, siirdiiriilebilir enerji politikalarinin olusturulmasi ve enerji
piyasalarmin istikrarinin korunmasi igin Kritik bir éneme sahiptir. Enerji talebi tahminleri,
enerji altyapisinin kapasite planlamasi ve siirdiiriilebilir enerji politikalarinin olusturulmasinda
kilit bir rol oynamaktadir. Ancak, hatali tahminler, asir1 tiretim veya tiiketim durumlarina ve
enerji kaynaklarinin israfina neden olabilir. Gelecekteki enerji taleplerini tahmin etmek igin
kullanilan yontemler arasinda regresyon analizi, zaman serisi analizi, yapay sinir aglart ve veri
madenciligi teknikleri bulunmaktadir. Bu yontemler, mevsimsel etkiler, ekonomik aktiviteler
ve hava durumu gibi faktorleri dikkate alarak giivenilir tahminler yapmay: amaglamaktadir.
Yapay sinir aglart (YSA), yapay zekanin bir alt dali olarak, merkezi sinir sisteminden
esinlenerek tasarlanmistir. YSA, ¢esitli alanlarda karmasik veri setlerini analiz etmek, desenleri
tanimak ve tahminlerde bulunmak i¢in kullanilmaktadir. Yapay sinir aglari, insan beyninin
isleyisini taklit ederek giris-¢ikis birlikteligini matematiksel olarak modeller. Bu aglar,
matematiksel formiillerin eksik oldugu durumlarda dahi, giris/¢cikis fonksiyonelliklerini bilinen
iliskileri modelleme yetenegine sahiptir. Aglar, bilinen giris/cikis verileri {izerinde egitilerek,
girdi/giktr alanin1 uygun sekilde temsil edene kadar elde edilir. (Sitton vd., 2017).

Optimizasyon, mithendislik problemlerinin ¢oziimiinde Kritik bir rol oynar. Akilli sebekeler,
lojistik, sensor aglar1 gibi gesitli alanlarda bu onemli yontem uygulanmaktadir. Dogrusal
optimizasyon teknikleri belirli problemleri basariyla ¢ozerken, dogrusal olmayan optimizasyon
problemleri daha karmasik olabilir ve bu tiir durumlar i¢in sezgisel yontemlere basvurulabilir.
Son yillarda meta-sezgisel optimizasyon algoritmalari, ¢esitli problemlerde basariyla
uygulanmis ve dikkat ¢ekmistir. Bu algoritmalar, etkili bir sekilde arama alanini kesfederken
¢coziimler iiretme yetenegine sahiptir. Optimizasyon problemlerine yonelik farkli meta-sezgisel
algoritmalar gelistirilmistir. Bu algoritmalar Pargacik Siirii Optimizasyonu (PSO), Yapay Ari
Kolonisi (ABC) ve Bukalemun Siirii Algoritmasi (CSA) gibi dogadan esinlenen meta-sezgisel
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algoritmalardir . Bu siirii algoritmalari, ¢oziim iretirken arama alammi etkili bir sekilde
kesfetme yetenekleriyle 6ne ¢ikarlar. Siirii algoritmalari, dogadan esinlenerek gelistirilen ve
genellikle yiiksek performans sergileyen meta-sezgisel optimizasyon yontemleridir. Bu
algoritmalar, topluluk isbirligi, paralel isleme, esneklik, global ve lokal arama yetenekleri,
adaptasyon ve 6grenme yetenekleri, ayrica kullanici dostu parametre ayarlamasi kolaylig: gibi
Ozelliklere sahiptir. Bu sayede siirii algoritmalari, ¢esitli problemlerde etkili ¢oziimler
tiretebilirler.

Yapay sinir aglarinda optimum agirlik setinin belirlenmesinde algoritmanin performansinin
onemli bir etken oldugu bilinmektedir. Literatiirde birgok basarili yontem bulunsa da agdaki
agirliklarin  glincellenme siireci hala gelistirilmeye agik bir arastirma alani olarak One
cikmaktadir (Sag & Celil, 2021). Bu ¢alismada yapay sinir aglarinin hiperparametrelerini en
uygun sekilde belirlemek amaciyla Bukalemun Siirii Algoritmasi (CSA) ve bu algoritmanin
performansinin detayl: bir sekilde arastirilmasi hedeflenmektedir.

2. YONTEM

Enerji verimliligi ve liberallesen elektrik piyasalari, gevresel sorunlara yonelik ¢oziimler
arasinda One ¢ikarken, bu gelismeler elektrik yiikk tahminlerine olan ilgiyi artirmistir. Dogru
yapilan enerji yiik tahminleri, enerji tedarikgilerinin kayiplarint minimize etmelerine yardimci
olmaktadir. Tahmin, gergege en yakin sonucu elde etmeyi hedefler. Tahmin yontemlerinde
genellikle amag, gercek ve tahmin edilen deger arasindaki hatayr en aza indirmektir. Bu
nedenle, yontemlerde amag¢ fonksiyonu olarak hata fonksiyonlari kullanilir. Bu ¢alismada,
egitim algoritmasinin Ol¢iitii olarak ortalama karesel hata (MSE) kullanilacaktir. MSE,
modeldeki deger ile gercek deger (hedef deger) arasindaki karesel farki olger. Bu olgiit,
ozellikle anomali degerlere karsi hassastir. MSE formiilii Esitlik 1'de gosterilmistir, burada

v gBzlemlenen gergek tiiketimi, y£2"™™ ise tahmin edilen tiiketimi temsil eder.

minf — %Ef:i[}régs:-;sk _ virnhmi:-z)‘ (1)

Root Mean Squared Error (RMSE), MSE fonksiyonunun karekokiidiir ve ayni sekilde aykiri
degerlere duyarlidir.

R-kare, veri setinde yer almayan 6rneklerin model tarafindan ne kadar iyi tahmin edileceginin
bir 6l¢iistidiir. Bu istatistik, verilerin yerlestirilmis regresyon hattina ne kadar yakin oldugunu
gosterir ve O ile 1 arasinda bir deger alir. 0 durumu modelin higbir sey agiklamadigini, uyumun
olmadigini ifade ederken, 1 durumu modelin verileri en iyi sekilde agikladigini gosterir. Ancak,
bu durumda asirt uyum riski bulunabilir, bu nedenle modelleme siirecinde MSE, RMSE gibi
diger hata 6l¢iitleri de dikkate alinmalidir.

Elektrik tiiketim tahmininde bircok farkli yontem kullanilmaktadir. Bu yontemler arasinda
yapay zeka tabanli tahminler 6n plana ¢ikmaktadir. Yapay zeka tabanli sistemlerde makine
ogrenimi olan yapay sinir aglart (YSA) siklikla kullanilmaktadir. Yapay sinir aglari (YSA),
biyolojik sinir aglarimi taklit eden matematiksel modellerdir. Giris katmani, gizli katmanlar
(varsa) ve ¢ikis katmanindan olusan bu yapilardaki noronlar arasindaki baglantilar, agirliklar
ile belirlenir. Bu agirliklar, agin 6grenme yetenegini saglayan 6nemli parametrelerdir. Yapay
sinir aglari, genellikle veri setleri iizerinde egitilerek belirli gorevleri yerine getirmek tizere
optimize edilirler. Noronlarda gergeklesen aktivasyon islemi, bir aktivasyon fonksiyonu
araciligiyla belirlenir. Yapay noronlar girig sinyallerini toplarlar, islerler ve ¢ikti verirler
(Elmas, 2003).
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net = E}l wifxj + wbhias 2

y = f(net) (3)

Bir yapay sinir hiicresi, matematiksel bir ifadeyle girdileri (x), ¢iktilar1 (y), agirliklar1 (w),
aktivasyon fonksiyonu ve birlestirme fonksiyonu igerir. Bu ifade, Esitlik 2 ve Esitlik 3'te
aciklanmuistir. Girdiler, hem dis kaynaklardan hem de diger hiicrelerden gelen bilgileri igerir.
Bu bilgiler, néron ¢gekirdegine iletilir ve islenir. Agirliklar, hiicredeki bilginin etkisini belirleyen
onemli faktorlerdir. Bias ise yapay sinir agi sisteminin girdilerinden bagimsiz bir degerdir, sabit
bir 1 alir ve bir néronun agirlik degerini temsil eder. Egitim siirecinde, agirlik degerlerini
dengelemek amaciyla gizli ve ¢ikis katmanlarina uygulanir (Sag & Celil, 2021). No6rona
yonlendirilen bilgiler, baglanti agirliklar: tarafindan garpilarak ¢ekirdege iletilir. Bu agirliklar
pozitif, negatif veya sifir degerlerini alabilir. Birlestirme fonksiyonu, agirliklarla g¢arpilan
girdileri toplayarak hiicrenin net girdisini hesaplar. Ardindan, aktivasyon fonksiyonu net girdiyi
isleyerek hiicre ¢iktisini belirler.

Yapay sinir aglarinin 6grenme kabiliyeti, 6zellikle tahmin problemleri i¢cin 6nemli bir avantaj
sunmaktadir. Tahmin odakli Yapay Sinir Agi yonteminde, YSA'nin girdilere karsilik tirettigi
ciktinin gergege en yakin olmasi hedeflenir. YSA tarafindan tiretilen ¢ikti degerlerinin gergek
c¢iktilara yaklasabilmesi, YSA'nin i¢indeki noronlar arasindaki agirlik degerlerinin optimum
seviyeye ulagmasiyla saglanacaktir.

Problemin en iyi ¢6ziimii, yapay sinir agi baglantilarinin dogru agirlik degerlerine sahip
olmastyla elde edilir (Yilmaz, 2023). Ogrenme siireci, agirliklarin siirekli giincellenmesiyle
hata minimumda tutularak dogru degerlere ulasmay1 hedefler. Bu asamada belirli bir egitim
algoritmasi kullanilarak optimal agirlik degerlerine ulagsma cabasi gosterilir. Agirlik degerleri,
algoritmanin yonergelerine gore diizenlenir. Hedefe ulasildiginda, mevcut agirlik degerleri
kaydedilir ve 6grenme siireci tamamlanir. Egitim asamasinin ardindan test asamasi gelir. Bu
asamada sinir agi, ilk kez karsilastigi giris degerleriyle test edilir. Yapay sinir agi, bu yeni
verilere beklenen dogru ¢iktilar iiretebilirse, basarili bir 6grenme siireci gergeklesmis olur. Bu
calismada YSA’nin egitiminde 6zgiinliikk amagli Bukalemun Siirii Algoritmasi kullanilmistir.

2.1. Bukalemun Siirii Algoritmasi

Bukalemun Siirii Algoritmasi (BSA), mevcut meta-sezgisel yontemlerden ayrilarak, bukalemun
avlanma stratejilerinden esinlenerek gelistirilmis bir algoritmadir. Bukalemunlarin yiyecek
arayisl, av izleme, arama ve avlanma siireglerini matematiksel modellerle i¢eren bu algoritma,
kesif ve kullanim dengesini saglamak amaciyla dne ¢ikar. BSA, uyarlanabilir parametrelerle
donatilmis olup, bu sayede yinelemeler sirasinda kesif ve kullanim arasinda denge saglamak
icin daha giivenilir bir performans sunar. Adaptif parametreleri, BSA'nin genis bir uygulama
alanina sahip olmasini ve gesitli problemlere etkin bir sekilde uyum saglamasini saglar (Braik,
2021).

BSA bir popiilasyon tabanl algoritmadir. Baslangicta n adet bukalemundan olusan bir
popiilasyon, her bir bukalemunun bir problem i¢in aday bir ¢dziimii temsil ettigi d boyutlu bir
arama uzayinda i. bukalemunun konumunu bulmaktadir. Her bukalemunun iterasyon t'de arama
alanindaki konumu bir vektorle gosterilir. Bukalemunlarin baslangi¢ konumlarin1 ve arama
alaninda hareketlerini matematiksel olarak tanimlamasi Esitlik 4’te gosterilmistir.
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V:E = [}’ri,lr}’:f,:r ""}Fri'_.d] 4)
Baslangi¢ popiilasyonu, problem boyutu ve bukalemunlarin sayisi temel alinarak, arama
uzayinda rastgele baslangi¢ degerleri ile olusturulan y matrisi Esitlik 5’te gosterilmistir.

yi=L+r(u—1) (5)

Burada y?, i. bukalemunun baslangi¢ vektoriinii temsil etmektedir. Esitlik 5°te j.boyutta arama
alanmin alt ve iist sinirlarini sirasiyla I; ve u; gosterilmistir. Bu esitlikte r, [0,1][0,1] araliginda

uniform dagiliml rastgele bir sayidir. Her bir bukalemunun yeni konumu i¢in bir uygunluk
fonksiyonu kullanilarak ¢6zlim kalitesi belirlenir. Eger yeni konumun ¢6ziim kalitesi, mevcut
konumun ¢6ziim kalitesinden daha iyi ise, mevcut konum giincellenir. Ancak, BSA modelinde
bukalemunlar, mevcut konumlarindaki ¢6ziim kalitesi yeni bir konumdan daha iyiyse, mevcut
konumlarim1 korurlar. Bukalemunlarin yiyecek arayisi sirasinda hareketlerinin davranisi,
pozisyon giincelleme stratejisi Esitlik 6’da matematiksel olarak ifade edilmektedir.

v 4+ py (B = 6+ po (6] — v )y =k (6)
}F:’j +u ([uf - ji)ra + I‘;) sgn(rand — 0.5) r; < B,

L
Yes1 =

Bukalemunlarin av aramasindaki hareketlerini matematiksel olarak modellemek i¢in konum

glincelleme stratejisi Onerilebilir ve Esitlik 6’daki gibi ifade edilmektedir. Bu esitlikte }r:*j:l, [

7 i numaral:

bukalemunun j boyutta t numarali iterasyon adimmindaki mevcut konumunu;

numarali bukalemunun j boyutta t iterasyon adimindaki yeni konumunu; v:

F:“"',i numarali bukalemunun j boyutta t numarali iterasyon dongiisiinde simdiye kadar elde

ettigi en iyi konumu; G;f, t numarali iterasyonda herhangi bir bukalemun tarafindan simdiye
kadar elde edilen en iyi konumu temsil eder temsil etmektedir. p, ve p,, kesif kabiliyetini
kontrol eden iki pozitif say1; r1 ve rz2, araliklari [0,1] olan rastgele say1; r;, i numarali [—1,1]
araliginda rastgele bir say1, F,, bukalemunun avi algilama olasiligini temsil etmektedir. F,, bu

deger 0,1 olarak belirlenmistir. Esitlikte sgn(rand - 0.5), kesif ve somiirii yonlendirme tizerinde
etki i¢in kullanilir ve degeri 1 veya -1 olabilir. Burada sgn isareti fonksiyonu, rand - 0.5
ifadesinin isaretini dondiiriir. Bu sayede kesif ve sOmiirii arasindaki yonlendirmeyi
belirlemektedir. u, iterasyonlarin bir fonksiyonu olarak tanimlanan bir parametredir ve
iterasyon sayist ile azalmaktadir (Braik, 2021). BSA’da sOomiirme oOzelligini
gerceklestirebilmek i¢in temel parametreler vardir. Bu parametreler asagida listelenmistir.

e y:En iyl ¢6zlimii arastirarak somiirli miktarini kontrol etmektedir.

p . Bu parametre, algoritmanin sdmiirme potansiyelini kontrol etmek igin

kullanilmaktadir.

e sgn(rand-0.5): Kesfin yoniinii degistirerek somiiriiniin kalitesini arttirir.

e p1 Ve p2: Bu, kiiresel ve yerel arama siireglerini dengeleme davranislari i¢in
olusturulmustur.

e u: lterasyonun ge¢mesiyle birlikte kesif zamanla azalirken somiirme istegi
artmaktadir. Bir bukalemunun avina yakin oldugu son iterasyonlarda, bu
parametre ile pozisyon giincelleme siireci avin etrafinda yerel arama yapmaya
yardimci olarak somiiriiyli arttirmaktadir. Bu parametre, kesif ve somiirii arasinda
daha iyi bir denge kurmayi saglayabilmektedir.
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Bukalemun Siirii Algoritmasinin sdzde kodlari sirasiyla agagida listelenmistir:

Baslangig parametreleri: searchAgents, iteMax, Ib, ub, dim, ve fobj gibi temel
parametreleri belirle.

Konverjans egrisi: konverjans egrisi igin cg_curve dizisini baslat.

Baslangi¢ populasyonu ve fitness: chameleonPositions ile baslangig populasyonunu
olustur. Her bireyin fitness degerini fit ile hesapla.

CSA parametreleri: fitness, fmin0, chameleonBestPosition, gPosition, ve v gibi CSA
parametrelerini baslat.

CSA iterasyonlari: iterasyon sayisina bagli olarak a ve omega giincellenir. CSA'nin
kesif ve kullanma asamalarini gergeklestir.

Pozisyon giincelleme: kesif ve kullanma asamalarinda pozisyonlar1 giincelle.
Sinirlart kontrol etme: pozisyonlari sinirlar iginde kontrol et.

Chameleon yer degistirme: pozisyonlari rastgele degistir.

Fitness degerleri giincelleme: yeni pozisyonlar igin fitness degerlerini hesapla.

En iyi pozisyonlar ve fitness giincelleme: en iyi pozisyonlar: ve fitness degerlerini
giincelle.

Sonuglar goriintiileme: her iterasyon i¢in en iyi fitness degeri ve konverjans egrisini
gorsellestir.

Bukalemun siirii algoritmasinin performansini incelemek igin yapay veri seti kullanilmigtir
(URL-1). Bu yapay veri kiimesi 1000 gozlem degerli ve 7 girislidir. Yapay sinir agina
girisler sicaklik (°C), nem (%), kullamim alan1 (m?), kullanic1 say1s1, havalandirma sistemi
kullanimi(on/off), aydinlatma kullanimi(on/off) ve yenilenebilir enerji tiretimi (kWh) ve
cikis olarak enerji tiiketimi (MWh) olarak verilmistir. Bu ag yapisina 6rnek Sekil 1°de
gosterilmistir.

Sicalkdik et

Kullanym Alany '-"-('3 \
NS
AKMM“—DK Gy
Havalandirma ‘;—/
Kullanims

Aydinlatma

Kullanim g
Yenilenebilir

Enerji Uretimi
\

Sekil 1

Girig
Katmam

Gty
Katmam

/LAI\ Enerp Tiiketimi

b

P

. Sistem i¢in tasarlanan YSA yapilarindan bir 6rnek

Calismada veriler normalizasyon islemine girdikten sonra yiizde seksen egitim, yiizde yirmi
test olarak ayrilmistir. Calismanin akis diyagrami Sekil 2°de gosterilmistir.
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Sekil 2. Bukalemun siirii algoritmasiyla egitimi yapilan YSA sisteminin akis diyagrami
3. BULGULAR

Calismanin bu kisminda, Bukalemun Siirii Algoritmasi(BSA) parametreler ile YSA iizerindeki
performansini incelemeyi amaglamaktadir. Calismada performans kriteri icin MSE olarak
secilmistir. F,, bu deger 0.1 olarak belirlenmistir ve kapsamli deneysel testlerden sonra

bulunmustur. BSA’nin parametreleri rho=1.0, p1=2.0, p2=2.0, c1=2.0, ¢2=1.80, gamma=2.0,
alpha = 4.0, beta=3.0 secilmistir (Braik, 2021). BSA-YSA’nin ¢alismasinin analizi i¢in gizli
katman sayist 1 ve 2 olarak giris katmaniyla beraber 2 katmanli ve 3 katmanli YSA
kullanilmistir. Popiilasyon sayis1 100 ve iterasyon sayist 250 girilmistir. Calisma bulgular
Tablo 1°de verilmistir.

Tablo 1. BSA-YSA modelinin performans sonuglari

Degiskenler Hata Olgiitleri BSA-YSA
MSE 0.000504

2 Katmanli Noron Sayisi=10 RMSE 0.022444
R? 0.855970
MSE 0.000681

2 Katmanli Noron Sayis1=20 RMSE 0.026096

R? 0.889592
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MSE 0.000867
3 Katmanli Noron Sayisi=10 RMSE 0.029447
R? 0.883061
MSE 0.000821
3 Katmanli Noéron Sayis1i=20 RMSE 0.028156
R? 0.897311

Tablo 1 incelendiginde modelin egitim ve test verileri tizerindeki performansini degerlendirmek
icin kullamlan olgiitler olan MSE, RMSE, R2 inceledigimizde, elde edilen MSE degerlerinin
diisiik olmasi, modelin hem egitim hem de test verileri {izerinde basarili tahminler yaptigini
gosterir. R? degerlerinin bire yakin olmas1, modellerin enerji tiikketimi tahminleme konusundaki
basarilarini ifade etmektedir. R?, modellerin ne kadar iyi uyum sagladigmi ve verilere ne kadar
yakin tahminler yaptigin1 gosteren bir 6l¢iimdiir. Bu durum, BSA-YSA modelinin giiglii
tahminleme yetenekleri oldugunu ortaya koymaktadir. Yiiksek R? degerleri, modelin gercek
verilere uygun bir sekilde adapte oldugunu ve enerji tikketimi tahminleme siirecinde giivenilir
sonuglar iiretebildigini gosterir. Bu basari, modelin kompleks enerji verilerini anlama, analiz
etme ve etkili bir sekilde tahminleme yapma yeteneginden kaynaklanmaktadir. Sonug olarak,
BSA-YSA modeli, enerji tiiketimi tahminleme alaninda etkili bir arag olarak 6ne ¢ikmaktadir.
Modeldeki R? degerleri, bu modelin genel performansiin diger hibrit modellerler
kiyaslanabilir diizeyde oldugunu gosterir. Bu durum, BSA-YSA modelinin enerji sektdriinde
kullanilmak tizere giivenilir ve basarili bir tahminleme araci olarak kabul edilebilecegini
vurgulamaktadir.

\|i‘” ‘.\\

Wil WA A

Wi g 'W

Sekil 3. Ug katmanl1 10 ndronlu BSA-YSA modelin egitim ve test sonug grafigi
4. SONUC, TARTISMA VE ONERILER

Elektrik enerjisi glinimiizde temel bir kaynak olarak kabul edilmekte ve niifus artis1, ekonomik
biiyiime ve teknolojik ilerlemelerle birlikte siirekli artan bir talep gérmektedir. Elektrik
tiiketiminin dogru tahmin edilmesi, enerji sistemlerinin etkin, giivenilir ve siirdiiriilebilir bir
sekilde yonetilmesi i¢in Kritik 6neme sahiptir. Ge¢mis tiikketim verileri, hava durumu, niifus
artis1 gibi faktorler goz oniinde bulundurularak yapilan bu tahminleme siirecinde, yapay sinir
aglari, karmasik Oriintiileri 6grenerek yiiksek tahmin hassasiyeti ile 6ne ¢ikmaktadir. Egitim
algoritmalar1 ve hibrit yapilar kullanilarak elde edilen yapay sinir aglari, egitimsiz modellere
gore daha etkili sonuglar saglamaktadir. Yapay Sinir Aglari'nin (YSA) egitiminde, problem
tiirlerinin dogrusal olmamasi ve biiyiik veri boyutlar1 gibi zorlayici etmenler, geleneksel tiireve
dayali 6grenme algoritmalarinin yetersiz kalmaktadir. Bu nedenle, literatiirde, bu tiir zorluklarin
istesinden gelmek ve agirliklarin optimal degerlerini belirlemek icin bir dizi sezgisel
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optimizasyon algoritmasi onerilmistir. Bu yaklagimlar, 6zellikle dogrusal olmayan problemler
veya biiyiik boyutlu veri setleri iceren durumlarda, YSA modellerinin daha etkili bir sekilde
egitilmesine katki saglamaktadir.

Bu ¢alismada metasezgisel yontemler ile YSA ¢aligmasini analiz etmek igin yapay bir enerji
tiiketim verisi olan 1000 satirli ile 7 girisli 1 ¢ikish veri kiimesiyle ¢alisiimigtir. Bu ¢alismada
BSA-YSA hibrit modeli incelenmis ve diisik MSE degeri ve bire yakin R? degerleri, bu
modelin kullanilabilirligi agisindan basarili oldugunu gostermistir.

Algoritmanin bagarisint Ve performansin1 artirmak amaciyla, kullanilan veri setleri
zenginlestirilebilir veya algoritmanin av arama yetenegi giiglendirilebilir. Ayrica, diger makine
ogrenimi algoritmalariyla hibritlemeler yapilabilir, bu sayede daha melez veya daha basarili
algoritmalar gelistirilebilir. Ayrica algoritmanin gesitli veri setleri tizerindeki etkinligi ve genel
uygulanabilirligi daha kapsamli bir sekilde degerlendirilebilir.
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Abstract

We introduce of hypergroup, and the special equivalence relation on hypergroup, which is
called fundamental relations. The fundamental relations play important roles in the theory
hypergroups. Let G be a non-empty set, the elements of G, will be denoted, a, b, c, ... and the
subsets of G will be denoted, A, B, C, ..., and the set P*(G) be the family of non-empty subsets
of G. The function # from G x G to P*(G) is called a hyperoperation in G. If (X,y) be an element
of G x G, its image under # in P*(G), is denoted by x#y. If A and B be some non-empty subset
of G, then the hyperoperation is extended by A#B ={a#b |a in A, b in B}. Also, for ain G, and
A in P*(G), a#A={a}#A and A#a=A#{a}. The non-empty set G with a hyperoperation # is
called a hypergroupoid. A hypergroupoid (G,#) is called a semihypergroup if for all x, y, and z
in G, the

associativity is hold, i.e., X #y) #z=x# (y# z). An element e of G is called an identity of G,
if for all a in G, a is an element of the set (e # a) N (a # ¢). The fundamental relation and
congruence relation on hypergroups was defined and studied by many of authors. (for more
details see the references.

Keywords: Hypergroup, fundamental relation, fundamental group
1. INTRODUCTION

Suppose that, A and B be two sets, the Cartesian product Ax B is all ordered pairs (a,b),
such that ain A, and b in B. A subset R = Ax B is called a binary relation over A and B, if
(a,b) be in R, we denoted aRb and called a is R-related to b. If A=B, we recalled the relation R
is an equivalence relation, if for all x, y, and z in A the following hold:

1. (reflexivity) XRx.
2. (symmetry) xRy if and only if yRX.
3. (transitivity) xRy and yRz, then xRz

Let G be a non-empty set, the elements of G, will be denoted, a, b, ¢, ... and the subsets of
G will be denoted, A, B, C, ..., and the set P*(G) be the family of non-empty subsets of G. The
function # from G x G to P*(G) is called a hyperoperation in G. If (x,y) be an element of G x
G, its image under # in P*(G), is denoted by x#y. If A and B be some non-empty subset of G,
then the hyperoperation is extended by A#B ={a#b |a in A, b in B}. Also, forain G, and A in
P*(G), a#A={a}#A and A#a=A#{a}.

Definition 1.1. The non-empty set G with a hyperoperation # is called a hypergroupoid. A
hypergroupoid (G,#) is called a semihypergroup if for all X, y, and z in G, the associativity is
hold, i.e., (x#Yy) #z =x# (y # ). An element e of G is called an identity of G, if for all ain G,
a is an element of the set (e #a) N (a # e).
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Definition 1.2. A semihypergroup (G, #) is a hypergroup ifx - G=G - x =G, forall x € G. A
hypergroup (G, #) is Abelian, if a#b = b#a for all a, b € G.

Example 1.3. If G be a group, N be a normal subgroup of G. We can defined ° is the
hyperoperation on G defined by

xey=xyN forall x,y € G,
then (G, © ) is a hypergroup.

Definition 1.4. A homomorphism of hypergroups (H, *), (G, °) is a function f: H - G
such that:

f(axb)cf(a)of(b),foralla beH.

In a classical algebraic structure, the composition of two elements is an element, while in an
algebraic hyperstructure, the composition of two elements is a set. By using a certain type of
equivalence relations, we can connect hypergroups to groups. These equivalence relations are
called strongly regular relations. Let (G, #) be a semihypergroup and ~ be an equivalence
relation on G. Then ~ is said to be regular on the right (left) if for all x of G, from a~b, it follows
that, (a ° x) ~ (b ° x). Similarly regular on the left, it follows that, (x ° a) ~ (x ° b). We called ~
is called regular if it is regular both on the right and on the left.

2. THEOREMS
In this section we reviewed some Definitions and Theorems from the references.

Theorem 2.1. Let (G, #) be a hypergroup and ~ be an equivalence relation on G. with respect
to operation ®, on G/~ ={ [g] : g in G}, by [g] ®[h]={[K] : k in g#h}, then (H/~, ®) is a group
if and only if the relation ~ is regular.

Definition 2.2. Let (G, #) be a hypergroup and n be a nonzero natural number. We define the
relation Ry over G, by X Ry y if and only if 3(a1, az,..., an) in G", {X, y} —ar-az-...-an.

Let R =U3_, Rn, Clearly, R is reflexive and symmetric and transitive.

Theorem 2.3. The smallest equivalence relation R in the above Definition 2 is regular,
Therefore G/R is group.

Definition 2.4. The smallest equivalence relation R in the above Definition 2 is called the
fundamental relation on hypergroup (G, #), and the derived group G/R is called the fundamental
group of G.

Definition 2.5. Let G be a group. We consider the relations o on a group G as follows for all g
and hin G:

gahif and only if, 3m € N, 3(y1, Y2, ..., ym) € G", 36 € S :

g=Yy1'y2 ...'ym, and h = Y1) Yo2)-...- Yo(m).

Definition 2.6. Let G be a group. We consider the relations 6 on a group G as follows for all g
and hin G:

géhif and only if g-h~'e [G,G],

where [G,G], is the derived subgroup of G.

Theorem 2.7. Let G be a group. The above relation o and d are congruence relations on G.
Theorem 2.8. Let G be a group. The above relation o and 6 are the same.
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Definition 2.9. Let H be a hypergroup. We consider the relations o on a H as follows for all g
and hin H:

gohif and only if, 3m € N, 3(y1, Y2, ..., ym) € H™, 36 € S
gEY1'y2 ...'¥m, @Nd h € Y1) Yo(2)-...- Yo(m)-

Theorem 2.10. Let H be a hypergroup and p be a regular relation on H. Then a * p is also an
strongly regular relation on H.

Theorem 2.11. Let H be a hypergroup and p be an regular relation on H. Then it is easy to see
that for each a, b € H;

a(a * p)b if and only if [a],a[b]p.

Definition 2.12. Let H be a hypergroup, Freni in 2002, introduced a new relation y =
U,.., yn as follows:

v1={(X, X); X € H},
and for positive integer n > 1, ynis defined by
xynyifandonlyif3ai€ H,36 € Sp, 1 <i<n;x €ar'az'..." an, Y €Eao(1)’ As(2)"- .. ac(n)-

Theorem 2.13. Let H be a hypergroup, the relation y = U,.., yn have symmetric and
reflexive and transitive properties.

Theorem 2.14. Let H be a hypergroup, the relationy = U, , yn. Theny has the regular

equivalence property so that H/y is an abelian group.

Theorem 2.15. Let H be a hypergroup. By the above relations a*p=y. 37

Theorem 2.16. Let H be a hypergroup and p be a regular relation on H. Then H/(a * p) is an
abelian group and H/(a * p) = [H/p, H/p].

Theorem 2.17. Let f : H— G be a homomorphism of hypergroups. Let p1 be a regular
relation on Hand p2 be a regular relation on G. Then ¢: H/p1 — G/p2, where ¢([x]p1) =
[f(x)]p2 is @ homomorphism of groups.

Theorem 2.18. Let G be a group and N be a normal subgroup of G and ° be a hyperoperation
on G, by x e y=xyN for all x, y € G.Then the following statements hold for the Homomorphism
f:G—G;

1. f(gN) < f(g)N, forall g€ G;

2. f(ghN) < f(gh)N =T (g)f ()N, forall g,h € G;

3. f(@'N)cf(gY)N=f(g)'N, forallg € G;

4. f(g"N) < f(g"N="f(g)"N, for all g € G and n be any integer number.
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RECRUITING OF A MONITORING AND EVALUATION SPECIALIST M&E
EXPERT SUPPORTIVE FOR THE PROJECT MAINTAINABILITY

MUHAMMAD FAISAL!, ALQUMA NOOR? REEMA SHAHEEN?

LAllama Igbal Open University, Director (HRIMS), Ministry of Human Rights
Commission, Pakistan. ORCID: 0000-0002-5797-766X
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3Ph.D. Scholar — Faculty of Computer Science and Information Technology, Universiti
Malaysia Sarawak (UNIMAS) and Lecturer — Deanship of eLearning & IT, Jazan
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ABSTRACT

The job of the Monitoring and Evaluation (M&E) Expert is pivotal in guaranteeing the
compelling execution and appraisal of venture exercises. The obligations illustrated part of the
set of working responsibilities are exhaustive and cover different parts of observing and
assessment. Give specialized direction and contributions to the plan and execution of outsider
observing, project assessments, evaluations, and different investigations/reviews. Offer ability
in the preparation and execution of checking and assessment exercises. Work together with the
undertaking group to plan and execute outsider checking, assessments, evaluations, and
overviews. Foster a powerful Observing and Assessment framework custom fitted to the
particular requirements of the venture. Make rules to guarantee consistency and normalization
in information assortment, examination, and revealing. Team up with significant partners to
guarantee a typical comprehension of M&E cycles and prerequisites. Give preparing and
backing to project staff and accomplices, including (Assessors, Inspectors, and Aggregators),
to improve their M&E capacities. Assume a key part in review configuration, guaranteeing the
suitability of philosophies and devices. Supervise the execution of overviews, guaranteeing
information quality and dependability. Direct careful examination of both quantitative and
subjective information gathered. Guarantee that M&E exercises are led sooner rather than later
and satisfy great guidelines. Go to project observing gatherings to remain informed about
project progress. Offer specialized and key help to upgrade the viability of checking and
assessment endeavors. Team up with the (Approved Power) and venture accomplices to audit
and examine assessment results. Give bits of knowledge and suggestions in view of assessment
results. Include partners in the refinement of information assortment strategies to guarantee
importance and exactness. Occasionally survey and update information assortment techniques
in view of criticism and changing task needs. Make instructive materials and assets to upgrade
the M&E abilities of undertaking staff. Work with instructional meetings to guarantee ceaseless
expert turn of events. Work together with TPV A and the Overview group to arrange information
assortment endeavors. Guarantee that detailing prerequisites line up with project markers and
achievements, and cutoff times are met. the M&E Expert assumes a critical part in guaranteeing
that the undertaking is on target, and its effect is precisely surveyed through compelling
observing and assessment processes. Effective task systems and mediations recognized through
M&E can be reported as best practices. Reporting and sharing prescribed procedures add to the
supportability of the undertaking's positive results by giving a reference to future drives. M&E
discoveries can illuminate the advancement regarding brilliant courses of action for project
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supportability. By understanding what variables add to progress and manageability, the task
group can proactively plan for the continuation of advantageous exercises past the venture's
underlying stage. M&E Expert assumes an essential part in establishing a dynamic and versatile
climate inside the undertaking, encouraging circumstances that help manageability through
constant learning, improvement, and key navigation.

Keywords: compelling, contributions, Foster, quantitative, manageability, navigation.

40



ARCENG INTERNATIONAL SCIENCES CONGRESS
FEBRUARY 03-04, 2024, ANKARA, TURKIYE
Conference Book

CEILING CORRECTION TAPE: PLASTERING CEILINGS THE EASY WAY
Roy Claren JOACHIM, Megchisah PAKIAK, Justice Celvin RICHARD
Keningau Vocational College, Construction Technology Department, Keningau, Sabah

Abstract

This project intends to help ceiling repairing process by creating a device that helps to plaster
gaps and holes in ceilings resulting from poor construction or gradual damage in structures. The
process of plastering ceilings through the conventional method is complex, taxing, and can be
risky. Hence, this project was designed to facilitate the process through the creation of a device
that can be lifted, stamped on the target area and pulled to produce substance that covers the
holes or gaps which hardens on the spot. This device was tested through a panel of experts’
evaluation.

Keywords: construction, ceilings, holes and gaps
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TAKING OFF BEARING THROUGH HYDRAULIC METHOD
Christian GEOFFERY, Mohd Aisam Usup bin AZWAN

Keningau Vocational College, Construction Technology Department, Keningau, Sabah

Abstract

Taking bearings from machines and cars has been always a challenging task and this project
intends to quicken the procedure by creating a device that can take it off easily with the
incorporation of hydraulic method. The conventional way of taking off bearings from
mechanical components has proven to be dangerous and difficult. Thus, this project intends to
make it quicker and more convenient. This project will be evaluated by a panel of experts.

Keywords: bearing, hydraulic, mechanical components.
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QUANTIFYING STAKEHOLDER INFLUENCE IN DECISION-MAKING
RELATING TO SUSTAINABLE INFRASTRUCTURE IN ALGERIA.
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PAYDAS ETKISININ BELIRTILMESI.
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Ozet

Siirdiirtilebilir insaat projeleri, farkli sosyal, ¢evresel ve ekonomik ¢ikarlara sahip cesitli
paydaslar1 (proje sahibi, proje yoneticisi, kullanic1 vb.) etkilemektedir. Ozellikle aktorler birgok
karmasik karar verme problemi ile karst karsiya kalmaktadir. Bu makalenin amaci
stirdiiriilebilir insaatta karar verme destek modeli kavramini tanimlamaktir. bu kavramin, tiim
paydaslarin herkes i¢in en iyi ¢oziimii elde etmeyi hedefledigi karmasik ve dinamik bir siire¢
oldugu goriilmektedir. Insaat miithendisligi, insaat ve altyapi teknolojisinde siirdiiriilebilir karar
verme, temel bilimsel basarilar ve ¢ok kriterli karar verme (MCDM) teorileri ile desteklenebilir.
Stirdiiriilebilir altyap1 projelerine yonelik karar alma, birgok tarafin katilimi nedeniyle oldukca
karmagiktir. Tasarimcinin, proje yoneticisinin, tesis yoneticisinin ve digerlerinin bir dizi ¢6ziim
arasindan tek bir alternatif segmeye dahil oldugu bdyle bir durumda. Onemli paydaslarin karar
vermelerindeki gecikmelerin insaat projelerini olumsuz etkiledigi gézlemlenmistir. Dolayisiyla
bunun proje performansi iizerinde bir¢ok sonucu vardir. Sonug olarak, bu ¢alismanin amaci,
gecikmis karar vermenin temel nedenlerini belirlemek ve zamaninda ingaat projesi kararlari i¢in
bir karar destek modeli sunmak, stirdiiriilebilir altyapir projelerinde karar verme destek
metodolojisi igin teorik bir temel ve arastirma yaklagimi bulmak, gelistirmektir. Tatmin edici
bir fonksiyon/maliyet tercihlerinde teknik ¢oziim secenekleri igin bir karar modeli. Makale,
Cezayir'deki bir vaka ¢alismasina uygulanan ingaat yonetimi icin bir karar verme modelinin
olusturulmasina yol acan kapsamli bir dizi kriter sunmaktadir. Bu arastirmada kullanilan nicel
yaklagimlar anket aragtirmasini, benimsenen nitel yaklasimlar ise odak grup ve vaka ¢aligmasini
icermektedir; iki yaklagim birbirini tamamlamak i¢in kullanildi.

Anahtar kelimeler: Karar verme, Siirdirilebilirlik, Altyapi, Paydaslar, MCDM, Insaat
mihendisligi.
Abstract

The Sustainable construction projects affect various stakeholders with different social,
environmental and economic interests (project owner, project manager, user, etc.). In particular,
the actors have to face many complex decision-making problems. The aim of this paper is to
define a concept of decision making support model in sustainable construction. this concept is
seen to be a complex and dynamic process in which all stakeholders aim to get the best solution
for all. Sustainable decision-making in civil engineering, construction and infrastructure
technology can be supported by fundamental scientific achievements and multiple-criteria
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decision-making (MCDM) theories. Decision making for sustainable infrastructure projects is
very complicated due to the involvement of many parties. In such situation where the designer,
project manager, facility manager and others are involved in choosing a single alternative from
a set of solutions. It has been observed that delays in the decision making of important
stakeholders negatively impact construction projects. Thus, this has multiple consequences on
project performance. Consequently, the purpose of this study was to identify the primary causes
of delayed decision-making and offer a decision support model for timely construction project
decisions, to find a theoretical basis and research approach for decision making support
methodology on sustainable infrastructure projects, to develop a decision model for technical
solution options in a satisfying function/cost preferences. The paper presents a comprehensive
set of criteria, which led to the creation of a decision-making model for construction
management, which was applied to an Algerian case study. In this research, quantitative
approaches used include questionnaire survey while qualitative approaches adopted include
focus group and case study; the two approaches were used to complement each other.

Keywords: Decision making, sustainability, infrastructure, stakeholders, MCDM, civil
engineering

1. INTRODUCTION

Sustainable projects affect various stakeholders with different social, environmental and
economic interests. It is therefore essential that the decision makers maintain effective
communication with relevant groups to avoid project failures (Ng et al., 2012). Li et al. (2012a).

Stakeholders are individuals and organizations who may affect, or be affected, in a positive or
negative manner throughout the project cycle (PMI, 2008).

Through participation, the stakeholders involved can retain an element of directly or indirectly
control over the project decisions to be made. Decision makers, on the other hand, can benefit
from wider stakeholder input when deliberating, deciding and acting and therefore ensure
sustainable infrastructure project delivery (Ng et al., 2012a,b).

The decision-making of sustainable projects are becoming ever more complicated, with an
increasing number of stakeholders involved to actively defend their own interests.

1.1. Classify Construction-Related Stakeholders Winch (2002)

Classify construction-related stakeholders Winch (2002)

1
|| 1

Internal stakeholders External stakeholders
* Employees * Architects — —-+ Local and national governments
* Customers * Engineers — —+ Local residents
* End-users * Contractors — —+ Landowners
 Financiers —= Environmentalists

* Material suppliers —+« Regulatory agencies
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1.2. Objective

The purpose of this study is to explore how management approaches, decision science methods
and tools can support the achievement of the United Nations (UN) 2030 Agenda for Sustainable
Development in Algeria by increasing resilience in cities and communities and build resilient
infrastructure.

The purpose of theoretically defining and practically identifying the relevant stakeholder groups
for sustainable projects is to engage them in the decision making/evaluation process as far as
possible so as to the improve projects long-term viability, benefits to the community and to
manage construction delays effectively. Figure 1 [3]

Tdentify the

problems

L
Implementation of
decisions ‘
—
Take the Select the best
decisioins proposal

Figure 1. General decision-making process.
1.3. The Influence of Stakeholders in Decision-Making

Figure 2 illustrates a conceptual framework for improving multidisciplinary decision-making
towards sustainability and urban resilience. This framework is further explored in the following
three sections: (1) resilience and sustainability of urban infrastructure and buildings; (2) asset
and disaster risk management; (3) decision science support mechanisms and tools [4].
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Figure 2. Background knowledge for improved multidisciplinary decisions towards
sustainability and urban resilience.[4]

1.4. Qualitative Approaches and Quantitative Approches

This can be done using qualitative or quantitative techniques [5]. Disaster risk assessments
involve the following steps: (i) identifying hazards; reviewing technical aspects of hazards, such
as their location, intensity, frequency, and probability; (ii) analyzing exposure and vulnerability,
along with the physical, social, health, environmental, and economic dimensions; (iii) assessing
the efficacy of existing and alternative coping mechanisms in light of likely risk scenarios.

Such project decision making can be either quantitative (e.g. monetary compensation for those
who need to be relocated due to project development) or qualitative (e.g. plan of maintaining
the local environmental character for the general public). Participatory decision-making enables
stakeholder groups to contribute to the decision process together with the core decision-makers
and judge any decision made from their own perspectives.

Table 1.
Quialitative approaches and Quantitative approches.

Qualitative approaches Quantitative approches

Stakeholder Engagement and Communication Structural Analysis

Risk Assessment Geotechnical Engineering

Community Impact Assessment Materials Testing and Quality Control

Environmental Impact Assessment (EIA) Remote Sensing and geographic information systems GIS

The government sector can implement the decision-making process to be followed by all
stakeholders (contractors, consultants/engineers, and clients) in the construction sector. The
process indicates the right path and directions to make the right decision at the right time, as
shown in Figure 3.[3]

. Send all relevant documents to
Consultant team for review

Consultant *All document review througly
/ Engin eer eIncoperate Engineer Assessments Reports
eSuggestions and Recommendations

*Review all Contractor and Engineer
documents

*Meetings, communication,

discussions and Negotitations

l Decisions I
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Figure 3: Process of decision making of client.

2. APPLICATION - CASE STUDY PRESENTATION

2.1.Case Study

Railway line in southern Algeria, between Mechria and Bechar (Figure 4)

This project has two main interests. First, the project has been subjected to many hazards that
have caused a major impact on its development (delays and significant additional costs). The
risk analysis is particularly rich and interesting. Second, other railway projects are planed in
this area. Risks for these projects will be closed to this one.[2]
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We awarded the Project to a group of 10 companies called ARC Algerian Railways
Construction, which was selected for a contract amount of 41 billion DA and a deadline of 40
months.

Algerian companies:
- Infrafer : Leader laying section track north
-G CB : Earthworks of the northern section
- Cosider : Earthworks of the center section
- Batigec : Earthworks of the southern section
- Seror  : Study and construction of infrastructure
- Sapta : Study and construction of the metal deck.
Foreign companies:
- T S O (France): Laying tracks on the southern sections
- Fleischeman (Austria): Design office of the group
- Contrack (USA): Workshops and maintenance
- Siemens (Austria): Signaling and telecom.

Technical control and assistance for a group of 04 design offices called PMB whose mission
is to monitor and control the work

B E T Algerians:
- Setirail: Work monitoring
- Sidem: Work monitoring
B E T Foreign:
- Coyne et Bélier (France): study control and implementation
- DE Consult (Belgian): study control and implementation.
2.3. Charter

“There isa multitude of participation from expert companies and qualified subcontractors. We
must demand a charter between stakeholders to eliminate disputes ”

 The contractor's objectives are efficiency and performance to ensure completion of the project
on time and at initial cost.

» Development of a team spirit based on communication and trust in order to strengthen
relationships and increase the opportunity to succeed.

* Very close and very organized coordination between partners in order to be able to identify
and resolve problems in time to win/win, by seeking mutually defined goals.

2.4. Work Organization

"Each company must work without hindering or delaying the other with the sole aim of
efficiency and performance for the completion of the project as quickly as possible while
respecting the following order of intervention”
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1- The excavators are the first companies to intervene.
2- Infrastructure and superstructure works of art companies.
3- Track laying companies.
4- Station builder companies.
5- Signaling and telecommunications companies.
2.4.1. The Contractor Role ARC
* Detect problems and anticipate them.

» Set objectives, strategy, tools, organization and action program, predict consequences
(deadlines, cost and quality), delimit conflict zones.

+ Coordinate successive actions with all other stakeholders (companies).
» Mastering company interventions, modifying the strategy.

 Optimize the distribution of resources in order to arrive at an optimal or least cost solution,
within a global vision of the project.

2.4.2. The Consultant Role PMB
Control deadlines (delay) and operational planning.

Control the quality of the work and the conformity of the execution plans.

Facilitate coordination between contractor and owner.

Control project logistics.

» Minimize financial risk to avoid additional amendments in budget.
Figure 6. The Consultant Role
3. RESULTS

The method generates all possible Risk Breakdown Structures RBS and then using a multi-
criteria analysis and select the most appropriate one for each project depending on the phase,
on the stakeholder and on its objective (minimize the cost, the delay or ensure the quality). [2]

If risks can be assessed for different scenarios, it becomes possible by comparing them to define
solutions adapted to each stakeholder. [2]

This step consists in identification of risk events RE of the project. For this project, 27 major
risk events were identified (Table 1) by the project analyst. Some of these RE are present in
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most of construction projects (e.g. the failure of a company). The others are truly specific to
this project (e.g. the silting risk or the risk related to the presence of mines).[2]

Table 1
List of the identified RE [2]

RE | Description

4 Incident or construction accidents during the implementation phase due to poor workmanship
3 Financial difficulties of contractor

6 Unwanted so cold weather during the construction phase

19 Poor performance of consultant during the design phase

20 Difficulty to find suitable plant due to special geotechnical conditions of region

2 Design team is unfamiliar with new technology

23 Available technical design solutions are not sufficiently proved or reliable

27 Poor communication between stakeholders of the project to manage the project schedule
30 Imposed unrealistic time planning for project due to insufficient or incorrect information
36 Incorrect evaluation or estimations during the feasibility phase by owner

38 Contractual failure (bankruptcy)

45

Earthquake, flood, land slid, fire or wind damage during the implementation phase
52 Problem with material supply

56 Conflict with management of existing infrastructures (electrical, water...)

Conflict of designer(s) with contract

149
155

Executed elements are not consistent with design plans due to poor performance of contractor

Technical mistakes during construction stage by contractor

157 | Inconsistency in time schedule of different stakeholders due to poor communication management
317 | Silting

318 | Presence of hidden mines in project region

319 | Conflict of project manager with contract

320 | Conflict between contractor and subcontractors

321 | Poor project quality control due to the change of project management team

322 | Necessity to modify elements during implementation phase due to incomplete geotechnical and
hydrological studies

323 | Poor project quality control due to the change of contracting authority during the implementation
phase

324 | Inability of a contractor to perform its task

325 | Corruption during contract phase

The first important factor affecting timely decision making is the lack of coordination. It was
observed that there is a lack of coordination between stakeholders and project management.
This lack of coordination impacts decision makers, and as a result, they fail to make timely
decisions in construction projects. Introducing an effective communication tool could be
helpful for decision makers on the project to communicate with each other [1].
4. CONCLUSION

The results indicate that the government is the most influential entity in decision-making
relating to sustainable infrastructure in Algeria. The extent of its intervention to balance the
interests of various stakeholder groups still presents a major challenge however. On the other
hand, owners, designers, contractors and equipment/material suppliers should help to facilitate
the decision support. The satisfaction of end-users is also one of the most important criteria for
successful green projects, with the high influence level of this group suggesting the need for a
more transparent and inclusive participatory decision-making process in the country.
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DEVELOPMENT AND CHARACTERIZATION OF A COMPOSITE MATERIAL
BASED ON UNSATURATED POLYESTER RESIN (UPR) REINFORCED WITH
ALFA PLANT FIBER.
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Couches Mince Et Applications, Setif .

Abstract

The main objective of this work is the study of the effect of the incorporation of Alfa fiber in a
thermosetting matrix based on an unsaturated polyester resin, of the isophthalic resin type, on
the mechanical, physical and, morphology of composite materials comprising varied levels of
Alfa. The composites were prepared by the contact casting process. The study of mechanical
properties carried out by determining the stress at break and the strain at break, the impact
strength and the breaking strength showed that these properties increase up to 15% due to the
strong affinity between the two components and good dispersion of the charge. Afterwards,
they decrease when the content of the filler increases and this does not allow adequate
dispersion and creates agglomerations which initiate rupture.

Keywords: Unsaturated polyester resin, Alfa, composites, adhesion.
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THERMO-MECHANICAL AND MORPHOLOGICAL PROPERTIES OF
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3. Université mohamed el bachir el ibrahimi., bordj bou arreridje
4. Centre De Recherche En Technologie Industriel : Unite de développement Des
Couches Mince Et Applications, Setif .

Abstract:

The vermiculite has been used as reinforcing filler for unsaturated polyester resin (UPR) in
order to obtain UPR/vermiculite materials composites. Different loadings of vermiculite (1 to
5 phr - parts per hundred parts of resin) of different dimension (up to 50 um and less than 50
um) were added to the UPR. The mechanical properties of the UPR/vermiculite composites
increased up to 4 phr vermiculite loading, because of the high affinity between the UPR and the
vermiculite surface and the good dispersion of the filler into the matrix. However, higher
vermiculite loading caused a decrease in the mechanical properties of the composites because
of the agglomeration of the fillers. Moreover, higher degree of crosslinking was reached. DSC
thermograms showed that the exothermic peak is displaced to higher temperatures which
suggest that the vermiculite caused a delay in the post-cure reaction. TGA thermograms
indicated that the incorporation of vermiculite improves the thermal stability of UPR.

Keywords: Unsaturated polyester resin, vermiculite, materials composites, mechanical
properties, thermal analysis.

53



ARCENG INTERNATIONAL SCIENCES CONGRESS
FEBRUARY 03-04, 2024, ANKARA, TURKIYE
Conference Book

DYNAMIC ANALYSIS OF FUNCTIONALLY GRADED MATERIAL BEAMS
UNDER MOVING HARMONIC LOADS USING FINITE ELEMENT METHOD

Zemri AMINE

Department of civil engineering and public works, University of Relizane (Algeria),

In this work, a finite element model is established for static, free and forced vibration analysis
of multi-span functionally graded material (FGM) beams subjected to a moving harmonic load
with a constant velocity. The material properties of the beam are assumed to vary continuously
and functionally in the thickness direction according to a power-law distribution. In this work,
the displacement field of the elastic Timoshenko theory was used. The equations governing the
system are derived using Hamilton's principle to determine the strong form. These equations
are then discretised and the weak form is expressed using the Galerkin method. The
consideration of the shift in the position of the neutral axis is included in the formulation. The
Newmark method is used to numerically integrate these equations and obtain the beam's
dynamic response. A program in Matlab has been developed to calculate the dynamic behaviour
of the FGM beam. The numerical results affirm the precision of the proposed formulation in
determining the dynamic characteristics of the beams. A detailed parametric investigation is
conducted to underscore the impact of material heterogeneity, the number of spans, and loading
parameters on the dynamic response. The effect of the aspect ratio on the dynamic deflection
of the beam has also been investigated and highlighted.

Keyword: beam, functionally graded materials, finite element method, static, dynamic

54



ARCENG INTERNATIONAL SCIENCES CONGRESS
FEBRUARY 03-04, 2024, ANKARA, TURKIYE
Conference Book

CLINICAL, BIOCHEMICAL AND RADIOGRAPHIC EVALUATION BETWEEN
SCREW AND CEMENTRETAINED SINGLE CROWNS ON DENTAL IMPLANTS:

A SPLIT MOUTH STUDY

Elisa Maccarit, Rodolfo Reda!, Dario Di Nardo®, Alessio Zanza', Luca Testarellit

1-Department of Oral and Maxillofacial Sciences, Sapienza University of Rome, 00161
Rome, Italy

Abstract

Aim: The objective of the study was to compare clinical, radiographic and biochemical
conditions at screw or cement-retained Cr-Co metal-ceramic single crowns. The analysis was
conducted by comparing the two different prosthetic solutions on implants from a clinical and
radiographic point of view, and above all as a variation of the inflammatory factors in the peri-
implant crevicular fluid, a fundamental change that heralds the loss of marginal bone or
worsening of clinical indices.

Methods: In this study were examined 25 single screw-retained crowns and 25 contralateral
cementretained crowns, in 25 systemically and periodontally healthy subjects. Levels of IL-1p,
IL-1RA, IL-6, IL-8, IL17, b-FGF, G-CSF, GM- CSF, IFN, MIP-1B, TNF-a, and VEGF were
assessed in PICF using the Bio-Plex 200 Suspension Array System. Plaque index (P1), probing
depth (PD), bleeding on probing (BOP), and gingival recession (REC) were recorded.
Radiographic marginal bone levels (MBL) were assessed at the mesial and distal aspects of the
implant sites with an individualized acrylic resin device that was fixed to the residual dentition.
Measurements were performed 1, 3, 6, 12, 24 months after delivery of the final restoration.

Results: PI, PD, BOP, and REC values had no significant differences in either group. The levels
of IL-1pB, IL-6, IL-8, GM-CSF, and MIP-1p3 and TNF-a were higher at screw-retained metal-
ceramic crowns than in cementretained crowns. However, only IL-1p, IL-6, and TNF-a values
presented significant differences between these groups. Conclusion: After two years, the results
obtained show a difference in the level of inflammation in a screwretained crown, attributable
perhaps to the greater amplitude of the micro-movements or to the different interface material
at the level of the implant connection (Cr-Co/Ti for screw-retained and Ti/Ti for
cementretained).
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CHITOSAN SUPPORTED BI2WO6 MICROSPHERES FOR PHOTOCATALYTIC
WATER TREATMENT UNDER VISIBLE LIGHT IRRADIATION
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& Cadi-Ayyad University, Marrakech, 40000 (Morocco)
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Abstract

Nowadays, providing access to clean and safe drinking water supply especially in the
developing parts of the world must be one of the most important necessities of our modern
society. Indeed, the widespread use of organic dyes, pesticides, antibiotics, phenols and other
organic compounds in our daily life including industrial, scientific, medical, domestic and
agricultural applications has accelerated their distribution into indoor and outdoor
environments. In recent years, photocatalysis has shown great promise to manage water
pollution using sunlight as a cheap, green and renewable energy source compared to traditional
approaches. Semiconductors based photocatalysts, particularly titanium dioxide (TiO2) is
regarded as one of the most commonly used semiconducting materials for water-pollutant
decomposition. However, pure TiO2 suffers from some limitations, such as poor visible light
absorption ability and fast charge recombination rate. In this study, we report the preparation
and photocatalytic application of a new 3D flower-like Bi2WOG6 microspheres supported on
chitosan hydrogel beads. The surface morphology, elemental composition, crystal structure and
light absorption properties of the obtained photocatalysts were comprehensively examined by
scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), Fourier
Transform Infrared spectroscopy (FTIR), X-ray diffraction (XRD) and Uv-vis diffuse
reflectance spectroscopy (DRS). The performance of the prepared materials have been
evaluated in the photodegradation of Rhodamine B and ciprofloxacin, as well as 4-nitrophenol
reduction. The photostability of the prepared materials has been evaluated by recycling
experiments. Thus, a good reusability of the photocatalyst has been observed in many
successive catalytic runs.

Keywords: Water pollution, Photocatalytic, Degradation, Bi2WO6, Chitosan, Rhodamine B,
ciprofloxacin, 4-nitrophenol, Adsorption, Reusability.
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FREE VIBRATION ANALYSIS OF FUNCTIONALLY GRADED POROUS
SANDWICH PLATES
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3University of Sidi Bel-Abbes, Algeria, Structures and Materials,

Abstract

In the present work, free vibration analysis of the square sandwich plate with functionally
graded (FG) porous face sheets. For this purpose, the material properties of the sandwich
plate are supposed to vary continuously through the thickness direction according to the
volume fraction of constituents defined with the modified rule of the mixture including
porosity volume fraction with three different types of porosity distribution over the cross-
section. Furthermore, a hyperbolic shear displacement theory is used in the kinematic relation
of the FG porous sandwich plate, and the equations of motion are derived utilizing Hamilton’s
principle. Analytical solutions are achieved for free vibration analysis of square sandwich
plates with FG porous face sheets are presented. Finally, it is concluded that the investigated
parameters have significant effects on the free vibration of the FG sandwich plates and the
negative effects of porosity may be reduced by adopting suitable values for said parameters,
considerably.

Keywords: Functionally graded, square sandwich plate, porosity, free vibration.
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USE OF TREATED WASTEWATER AS IRRIGATION WATER FOR PURPOSES
AGRICULTURAL - HEALTH IMPACTS LINKED TO HEAVY METALS

Fatima BOUMECHHOUR

Process Engineering department, University of Boumerdes, Algeria
https://orcid.org/0000-0002-3941-3481

Abstract

Water is a limiting factor in the development of agriculture, scarcity is understood in terms of
water stress and irregularity of the resource, two factors likely to increase with climate change.

Wastewater treatment and its use in irrigation is an attractive option, particularly in arid and
semi-arid areas, as it represents a renewable and reliable source of additional water and
fertilizer.

The objective of our work is to assess the impacts of the use of treated wastewater on the
environment and health.

To carry out this work, we undertook a series of field experiments near the Boumerdes
wastewater treatment plant, the investigations carried out include:

1) Planting of three consumable plants after cooking at the Boumerdés WWTP: potatoes, mint
and celery.

2) Irrigation of these plants with two different types of water:

- Purified water from the Boumerdés WWTP.

- Drinking water.

3) Laboratory identification of heavy metals present in irrigation water, soil and plants.

The results of the experiment showed that heavy metal contents obtained in all plants irrigated
with both types of water are acceptable to consume except for the lead content which exceeds
the standard and iron which is very high.

Keywords: Wastewater, plants, irrigation, heavy metals, Boumerdes WWTP.
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HETEROGENEOUS PHOTOCATALYSIS AS APOWERFUL AND HIGHLY
VERSATILE TOOL FOR SOLAR ENERGY UTILIZATION: TOWARD CLEAN
AND RENEWABLE ENERGY PRODUCTION-CONVERSION AS WELL AS
ENVIRONMENTAL PROTECTION-REMEDIATION
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Abstract

At the global level, it is well acknowledged that today's world is at a turning point. More than
ever before, it is universally admitted that our modern society faces enormous catastrophic
challenges that urgently and immediately need to be addressed e.g. global warming, climate
change, environmental destruction, energy shortage, global water crisis, food insecurity, global
peace and security and political stability. Even though many national and international
agreements have been established by most governments and countries around the world, many
of these challenges look like never-ending problems and many of them may become worse and
more frightening in the near future. In this alarming situation and in order to achieve the
sustainable development of human society and keep a sustainable world for our children and
our future generations, serious attention as well as urgent if not immediate solutions are required
to quickly solve those challenging problems before they persist and become irreversible. This
will require substantial changes in all aspects of our society: on how we use natural resources,
how we use land, water and energy, how we protect the environment, how we grow food,
transport goods, how we perform all our economic, social, technological and political decisions
and actions and so on. Toward this goal, multi-pronged, fully committed and cooperative efforts
are needed from central and local governments, national and international agencies, voluntary
organizations, private and public sectors, scientists, researchers, individuals and the whole
community in general. In this context, researchers and policymakers from all over the world
have been working on various approaches by doing their best to address environmental and
energy related problems through solar energy utilization. Indeed, the sun is considered as a free,
renewable, inexhaustible, readily available and eco-friendly energy source accessible on Earth.
Among the numerous appealing and attractive technologies available today, heterogeneous
photocatalysis has been recognized as one of the most promising strategies for solar energy
utilization. This technology has recently attracted much attention for settling the energy crisis
and global environmental issues we are currently facing, owing to its applicability in air and
water purification, electricity generation, phototherapy, solar fuels generation, CO2 reduction,
bacteria inactivation, green hydrogen production and N2 fixation. In this contribution, I will
give a shor overview about the effectiveness of heterogeneous photocatalysis in the field of
solar energy utilization for applications in the areas of clean and renewable energy production-
conversion-storage as well as environmental protection and remediation.

59



ARCENG INTERNATIONAL SCIENCES CONGRESS
FEBRUARY 03-04, 2024, ANKARA, TURKIYE
Conference Book

CONGRESS PHOTOS




ARCENG INTERNATIONAL SCIENCES CONGRESS
FEBRUARY 03-04, 2024, ANKARA, TURKIYE
Conference Book

CONGRESS POSTER

Arceng International
Science Congress

61
ONLINEAND FACE-TO-FACE

PARTICIPATION ALTERNATIVE.

: Q

Final Summary | Congress Dates | Congress Venue

Sending date 03-04 February 2024 Ankara
January 27,2024

For information:

www.arcengkongre.com arcengfen@gmail.com 0507 945 44 06 - 0506 588 56 06 - 0850 474 20 06
[




T.C.
KIRKLARELI UNIVERSITESI REKTORLUGU ‘m\*
Saghk Blhmlen Fakultem Dekanllgl TORKIYE CUMHURIVETE NiN YizZiNc viL

Sayr : E-73445267-903.07-110948 15.01.2024

Konu : Gérevlendirme/Kurumdisi( Dr. Ogr. Uyesi
Burcu OZUBERK)

Saym Dr. Ogr. Uyesi Burcu OZUBERK
ligi  : 15.01.2024 tarihli ve 61692 kurum sayili yazmiz.

Igili yaziya istinaden Ankara'da gereklesecek olan Arceng Uluslararast Fen Bilimleri Kongresi'ne
03-04 Subat 2024 tarihleri arasinda katilim saglamaniz ve bu tarihler arasinda idari izinli sayllmaniz Dekanligimizca
uygun gorilmiistiir.

Bilgilerinizi ve geregini rica ederim.

Dr. Ogr. Uyesi Demet TOPAL KOC
Dekan V.

Bu belge, giivenli elektronik imza ile imzalanmustir.

Belge Dogrulama Kodu : 4ROR-UR6D-8DHO Belge Dogrulama Adresi : https://ebyssorgu.klu.edu.tr

Adres: Kirklareli Universitesi Rektorliigii Kayali Kampiisii /KIRKLARELI Bilgi I¢in :Asiye VURAL
Telefon No : 0288 214 55 47 Fax No : 0288 214 70 86 Bilgisayar Isletmeni
e-Posta : sbf@klu.edu.tr Internet Adresi : http:/www.klu.edu.tr Dabhili No:2500

Kep Adresi : kirklareliuniversitesirektorlugu@hs01.kep.tr




23.02.2024
ISBN: 978-625-94535-0-7
ARCENG PUBLICATIONS - 2024©

AR AR

78-625-94535-9-7





