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OZET

Bambu, insanlik tarafindan kullanilan en eski geleneksel yapt malzemelerinden biridir.
Bambunun yap1 malzemesi olarak kullanimi uzun bir siirecte gerceklesmistir. Ozellikle
Asya'da geleneksel mimarlikta bambu yaygin bigimde kullanilmistir. Ancak endiistriyel
cagdan sonra, yapit malzemesi olarak bambu modasi gegmis, ucuz ve kalict olmayan ve ayni
zamanda diisiik siif bir malzeme olarak kabul edilmis, hatta “fakirin kerestesi” olarak
adlandirilmistir. Ancak modern mimarlikta bambuya bakis stirdiiriilebilirlik endiseleri ile
birlike biiyiik 6l¢iide degigmistir. Bu makalenin amaci, dncelikle modern bir yap1 malzemesi
olarak bambuyu tanitmaktir. Calismada geleneksel ve modern mimarlikta bambu kullanimina
doniik sistematik literatiir taramas1 ve igerik analizi yéntemleri kullanilmistir. Incelenen konu
ile ilgili kaynaklar taranip, elde edilen 6rnekler siiflandirilarak sunulmustur. Arastirmanin
sonucuna gore, bambu; ahsap, tugla veya betondan daha yiiksek bir basing dayanimina ve
celige rakip olan bir ¢ekme dayanimina sahiptir. Glinlimiizde ormanlarin giderek azalmasiyla
birlikte ahsap ihtiyaci artarken, ahsabin yeniden biiylimesi ve yapr malzemesi olarak
kullanima hazir hale gelmesi i¢in ihtiya¢ duyulan uzun siire bu malzemeye alternatif bir yap1
malzemesi ihtiyacini ortaya ¢ikarmaktadir. Bambu 3-5 yil gibi kisa bir siirede hasat edilebilen,
ahsaba alternatif bir yap1 malzemedir. Bununla birlikte bambu ekim sirasinda havaya oksijen
de salmaktadir. Bu yetenek ¢elik, plastik ve beton gibi endiistriyel malzemeler tarafindan
gergeklestirilememektedir. Calismada deginilen bu ve benzer nedenler bambuyu
stirdiiriilebilir bir dogal kaynak olarak 6ne cikartmis ve teknolojik ilerleme ve girigimler,

modern ingaat ve yapisal uygulamalarda bambunun gelistirilmesine yardimci olmustur.

Anahtar Kelimeler: bambu, siirdiiriilebilir yapim, siirdiiriilebilir yap1 malzemeleri, alternatif

yap1 malzemesi
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ABSTRACT

Bamboo is one of the oldest traditional building materials used by mankind. The use of
bamboo as a building material has taken place over a long period of time. Bamboo has been
widely used in traditional architecture, especially in Asia. But after Industrial Revolution,
bamboo as a building material was considered obsolete, cheap and low-class material even
labelled as "poor man's timber". However, the view of bamboo in modern architecture has
changed drastically with sustainability concerns. The purpose of this article is primarily to
introduce bamboo as a modern building material. In this study, a systematic literature review
on the use of bamboo in traditional and modern architecture was made and content analysis
methods were used. The sources related to the subject were scanned and the samples obtained
from the sources were presented by classifying them. According to the results of the research,
bamboo has a higher compressive strength than wood, brick, and concrete. It also has a tensile
strength that rivals steel. Today, while the need for wood increases with the decrease of
forests, it takes a long time for wood to grow back and become ready for use as a building
material. Therefore, there is a need for a new alternative building material to wood. This
material is bamboo. Because bamboo can be harvested in a short period of 3-5 years. In
addition, bamboo also releases oxygen into the air during planting. This ability cannot be
realized by industrial materials such as steel, plastic, and concrete. These and similar reasons
mentioned in this study have highlighted bamboo as a sustainable natural resource. In
addition, technological progress and initiatives have helped to develop bamboo in modern
construction and structural applications.

Keywords: bamboo, sustainable construction, sustainable building material, alternative
building material

1 GIRiS
“Egilen bambu direnen meseden daha giicliidiir”
Japon Atasozii

Diinya niifusunun hizli artisinin — bu niifusun artan yasam stireleri ve gelisen yasam refahi
beklentileri ile birlikte — diinya kaynaklar1 iizerinde ciddi bir baski yarattigi bilinen bir
gergektir. Sanayilesmeyle birlikte kiiresel ¢evre sorunlarinin da sebebi olan bu olgu, diinya
kaynaklarinin siirdiiriilebilir kullaniminit bir zorunluluk haline getirmistir. Glinlimiizde
ozellikle orman kaynaklari, ormanlarin kiiresel ¢evre sorunlarinin giderilmesindeki onemli
rollerine ragmen, ciddi bir baski altindadir. Bu noktada, bambu siirdiiriilebilir bir dogal
kaynak olarak &ne ¢ikmaktadir. Birlesmis Milletler Gida ve Tarim Orgiitii raporuna gdre
bambu, gilinlimiizde en 6nemli ahsap-dis1 orman tirlinlidiir. Yine ayni rapora gdre bambu,

ozellikle son 10-15 yilda uygun endiistriyel islemlerle ahsap yerine kullanilabilecek bdylece
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diinya ormanlarinin korunmasi ve gelistirilmesi ¢abalarina katki saglayabilecek onemli bir
alternatif olarak one ¢ikmaya baslamistir (Bowyer vd., 2014).

Bambu, yap1 malzemesi olarak Asya ve Latin Amerika’da uzun zamandir kullanilmaktadir.
Kiiresel cevre sorunlarina karsi siirdiiriilebilirlik olgusunun zorunlu olarak ©6n plana
cikmasiyla birlikte bu saglam, cevre dostu ve siirdiiriilebilir malzeme siirdiiriilebilir mimarlik
pratiginde cagdas uygulamalarla da yerini almaya baslamistir.

2. DOGAL BiR KAYNAK OLARAK BAMBU

Tiirkge’de Hint Kamigi, Hezaren isimleriyle de bilinen (Tirk Dil Kurumu, b.t.) bambu,
bugdaygillerden, sicak iilkelerde yetisen, gorece gabuk biiyliyen, 75 cins altinda 1250 tiirii
kapsayan (Scurlock, Dayton ve Hames, 2000) bir bitki alt familyasinin genel adidir. Bambu
tiirleri Muson Asya’st ve Giliney Amerika’da cografi yayginlik gostermekle birlikte Afrika’nin
diizenli yagis alan bolgeleri ve Kuzey Amerika’da da yetisebilmektedir (Resim 2.1). Cin,
Japonya, Hindistan, Banglades, Endonezya, Tayland, Nikaragua, Kolombiya gibi pek ¢ok
tilkede dogal bambu ormanlari bulunur (Resim 2.2). Bambu bitkisi diinyadaki en 6nemli
biyokiitle kaynaklarindan birisidir; ortalama 10 ton/hektar hesabiyla yapilan bir tahmine gore,
orman biyokiitlesinin tropik bolgelerde dortte biri, subtropik bolgelerde beste biri bambu
tiirlerinden olusur (Janssen, 2000).

Sekil 2.2 Sagano Bambu Ormani (Kyoto, Japonya) (Cripps, 2019)
Ciice bambu tiirleri 10 cm. boyunda olabilirken diger tiirler genellikle 15-20 m.’ye kadar
biiyiir. Tropiklerde bilinen en biiyiik bambu tiirii (Dendrocalamus giganteus) 30 cm. govde
capina ve 40 m. (130 ft) yiikseklige, Avrupa'da ve ABD'de 20-30 m. (65-98 ft) yiikseklige

erisebilir (Scurlock vd., 2000). “’En hizli biiyiiyen bitki’’ olarak Guinness rekorlar kitabina
—
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girmistir. Diinya rekoru olarak, giinde 91 cm'ye (35 ing) kadar biiyiiyen tiirlinlin oldugu ve
0.00003 km/sa (0.00002 mph) hizla biiytiyebildigi tespit edilmistir. (‘’Fastest growing plant’’,
b.t.); ozellikle Moso (Phyllostachys edulis) ve Madake (Phyllostachys bambusoides)
bambular1 hizli biiylimeleriyle bilinir.

Bambu giiniimiizde, diinya niifusunun %40’min (yaklagik 2.5 milyar insan) giinliik
hayatlarinda ¢esitli bi¢cimlerde ve yaygin olarak yer alir (Scurlock vd., 2000). Kullanim
alanlar1 en genis dogal kaynaklardan biridir; elyaf (kagit lifi, dokuma elyafi, orgii lifi vb.),
gida maddesi (siirglinlerini haslayarak yeme, bambu tursusu, bambu biras1 vb.), yakacak
(bambu odunu, bambu kdmiirii, bambu gazi vb.), endiistriyel iiriinler i¢in hammadde (Resim
2.3), yap1 malzemesi vb. pek ¢ok amagla kullanilir. 2000 yilinda yapilan bir tahmine gore
bambu menseili tirtinlerin diinya ¢apinda yillik ticari cirosu asgari 10 milyar dolardir (Janssen,

g s \/

(@) ()

()

Sekil 2.3 Bambu kullanilan endiistriyel iiriinlerden 6rnekler (a) Masif bambu gozliik gergevesi (b) Kompozit
bambu kask (c) Masif bambu gergeveli bisiklet (d) Masif bambu govdeli kol saati (Kisisel arsiv, 2021)

’1945'te Japonya'nmin Hirosima kentindeki atom bombalarinin radyasyonundan tekrar
kurtulan ve filizlenen ilk bitkidir.”'

3. YAPI MALZEMESI OLARAK BAMBU

Bambunun yap1 malzemesi olarak kullanimi1 dogal olarak bolca yetistigi Giiney Amerika,
Afrika ve Giineydogu Asya’da oldukga eski bir uygulamadir. Ornegin, Giiney Amerika’da
yetisen Guadua cinsi bambunun Ekvator basta olmak tizere bolgede 9500 yildan bu yana bina
yapiminda kullanildigi bilinmektedir (Caffiero, 2006). Bambu yap1 gelenegi pek ¢ok iilkede
kiiltiirel yapiya da islemistir. Ornegin Hindistan’da yiiksek kastlara mensup kisiler tas, orta
kastlar ahsap ve diisiik kastlar da bambu yapilarda otururlardi. Hindistan’da bambu yapilar
ilkenin kirsal kesimlerinde hala yaygin bicimde kullanilmaktadir. Siddetli depremlerin
goriildiigli Assam ve Kuzeydogu Hindistan’da bu yapilar1 kentsel doku igerisinde gérmek de
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miimkiindiir. Assam tipi olarak adlandirilan bu yapilar bambu hasir {izerine kire¢ siva ile
kaplanmistir (Ghosh, 2008).

Tablo 3.1 Yap1 Malzemesi Olarak Bambunun Avantajlari

YAPI MALZEMESI OLARAK BAMBUNUN AVANTAJLARI

1 | Kolay Bambunun gelisme siirecinde giibre, zirai ilag ve pestisit
Yetistirilir kullanmaya ihtiya¢ yoktur. Sulama gerektirmez.

2 | Dogada Bolca Hasat edilen kokten yeni bir siirgiin verir, bu nedenle yeniden ekim
Bulunur yapilmasina veya ilave bir yetistirme alanina gerek kalmadigi igin

bu durum 6nemli 6l¢iide tasarruf saglamaktadir.
Yaklagik kirk yilda yetisen igne yaprakli ve yaprak doken agaglarin
aksine, bambu olgunlastiktan 3-5 yil sonra hasat edilebilmektedir.
Ayn1 zamanda filizlenmeye basladiktan sonra biiytime hiz1 oldukca
3 | Hizh Biiyiir yliksek olan bitki, kisa bir siire igerisinde metrelerce uzunluga
ulagmaktadir. Bambudan alinan verim, diger aga¢lardan yaklasik
25 kat fazladir. Diinya genelinde haftada yaklagik bin hektar orman
kesilmektedir, agac yerine bambu kullanarak bu orani diisiirmek ve
ormanlart korumak miimkiindiir.

4 | Uzun Omiirlii 120 yila kadar yasayan tiirlerine rastlanabilir.

5 | Cevre Dostu Esdeger bir agactan %35 daha fazla oksijen iiretmektedir. CO2 tutar

ve karbon nétrdiir. Miikkemmel bir toprak erozyonu inhibitoriidiir.

6 | Diisiik Agirhklh | Dairesel ve ici bostur. Diisiik agirliklarindan dolayr bambular

kolayca kurulur, nakliyesi ve depolanmasi kolaydir.

7 | Yangina Yiiksek silikat asit icermesi nedeniyle yangma karst ¢ok
Dayanikh dayamkhdir. Iginden gegen 4000°C'ye kadar kaynar suya

dayanabilir.

8 | Deprem ve Hafifligi ve esnekligi nedeniyle bambu, 6zellikle diinyadaki deprem
Kasirgalara bolgelerinde popiiler bir yapit malzemesidir. Bambu, sismik
Dayamkh aktivitenin ve siddetli riizgarlarin soklarini sert beton ve g¢elik
(Esnek) yapilardan ¢ok daha iyi emer.

9 | Ekonomik Cogu yap1 malzemesine kiyasla ekonomiktir.

Cimento ve asbest gibi diger yapt malzemelerinin aksine, bambu
saglik i¢in tehlike olusturmaz. Bambu, Kun adi verilen dogal bir

10 | Giivenli antibakteriyel biyoajan igerir. Iginde bilyiimeye calisan bakterilerin

%70'inden fazlasin1 kendiliginden yok eder ve dis mikroplar1 da
engeller.
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Bambu yapt malzemesi olarak kullanildiginda kullanim o6mrii
11 | Geri sonunda geri doniisiim asamasinda da — biyokiitle olmas1 nedeniyle
Déniistiiriilebilir | —sorunsuz bir malzemedir. Bambu kamislar1 uygun bi¢imde
parcalanip toprakta ¢iirimeye birakildiginda yaklasik 90 giin iginde
¢ozinlip dogal giibre olarak kullanilabilir (Syeda, Shrujal ve
Kumar, 2014).

Tablo 3.2 Yap1 Malzemesi Olarak Bambunun Dezavantajlari

YAPI MALZEMESI OLARAK BAMBUNUN DEZAVANTAJLARI

Bambu, su kaybettiginde ahsap ve keresteye kiyasla daha fazla
1 | Biiziilebilir kiigiilir. Bu nedenle insaat malzemesi olarak bambu
kullanildiginda su kaybimi oOnlemek icin uygun Onlemlerin

alinmasi ¢ok dnemlidir.

2 | Koruma Bambu kullanilmadan 6nce bdcek veya mantar saldirisina karsi
Gerektirir yeterince korunmalidir. Bu nedenle, kesildikten sonra bambu
hemen 6zel bir agilama ve kurutma isleminden ge¢melidir. Bambu,
agac gibi toprakla siirekli temas halinde ¢iiriir ve bocekleri ¢eker.

Bu nedenle bambu ve toprak temasini onerilmemektedir.

3 | Zor Boyanir Bambu, mumsu kaplamasi nedeniyle boyanmaya elverisli degildir.

4 | Zor Birlestirilir | Siirekli diizensiz biiyliyen, kivrimli bir bitki ile ¢alismak oldukg¢a
zordur. Ayrica aga¢ veya herhangi baska bir malzemenin

birlestirme yontemleri ile uyumlu degildirler.

Silindirik  yapist  ve i¢inin bos olmasi ise olumsuz
ozelliklerindendir. Bambu anizotropik bir malzemedir. Boyuna
5 | Yapisi yondeki ozellikler, enine dogrultudakilerden tamamen farklidir.
Boyuna yonde giiclii ve sert olan seliiloz lifleri, enine yonde ise
yumusak ve kirilgan olan lignin bulunur. Bambu enine agirlik
tasimaz. Yalnizca uzunlugu boyunca (ylikseklik agisindan) agirlik
tastyabilir (Syeda, Shrujal ve Kumar, 2014).

4.YAPI MALZEMESI OLARAK BAMBUNUN KULLANIM ALANLARI

Bu yazida bambu yapilarda kullanim amaclarina gore {i¢ ana grupta incelenmektedir. Bu
grup bagliklart: 1.) tastyici liriin olarak bambu kullanimi, 2.) boliicii/Ortiicii iiriin olarak bambu
kullanim1 ve 3.) tamamlayici {irlin olarak bambu kullanimidir. Bunlar da daha sonra kendi
iclerinde alt bagliklarla kullanim yerlerine gore detaylandirilmistir.
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Tablo 4.1 Yapilarda Bambu Kullanim Alanlart

YAPILARDA BAMBU KULLANIM ALANLARI

v v v

1. TASIYI URUNLER | [2. BOLUCU/ORTUCU URUNLER | | 3. TAMAMLAYICI URUNLER

a.) Striiktiir a.) Duvarlar / Bolmeler a.)Dogramalar
b.) iskele ve Merdiven b.) Cat1 Kaplamasi b.)Bahge Citleri ve Korkuluklar
c.) Betona Takviye Donatis1  ¢.)Zemin Kaplamasi c.)Mobilyalar

d.)Golgeleme Elemanlart  d.) Vitrifiye

4.1. Tasiyiea Uriinler: Mekanik ozellikleri yiiksek olan iiriinlerdir. Yapida yiik tastyan
boliimlerde (tastyicit duvar, kolon, kiris, déseme, temel vb.) kullanilir. Yapidaki kullanim
yerlerine gore bu grup kendi icinde li¢ alt bashikta incelenmistir. Bu alt basliklar: a.)
striiktiirler b.) iskele ve merdivenler ve c.) betona takviye donatisidir.

LIy mw P mw ) —

Sekil 4.1 (a) bambu ingaat iskelesi (Yu, 2016). , (b) bambu merdiven (‘’Bamboo stair (varnish)’’, b.t.) ve (c)

betona donati elemani olarak bambu kullanimi (’Bamboo reinforced concrete’’, 2016)

S s N ; ; : p o e PR
Sekil 4.2 Cesitli yapilarda striiktiirde farkli yontemlerle bambu kullanimi (‘’Bamboo structure’’, b.t.)

4.2. Boliicii / Ortiicii Uriinler: Yapiy1 i¢ ve dis etkenlerden (1s1, ses, su, toz vb.) koruyan,

L it

mekanlar1 bolen ve orten/kaplayan tiriinlerdir. Yapidaki kullanim yerlerine gore bu grup kendi
icinde dort alt baslikta incelenmistir. Bu alt bagliklar: a.) duvarlar ve bolmeler b.) cati
kaplamasi c.) zemin kaplamasi ve d.) golgeleme elemanlaridir.
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c d

Sekil 4.3 (a) Bambu duvar kaplamasi (John, 2014), (b) Bambu ¢at1 kaplamas(l zCortés, 2021), (c) Bz:m)bu zemin
kaplamasi (Admin. b.t.), Bina dis cephe gélgeleme elemani olarak bambu kullanim1 (Treehugger, 2012)
4.3. Tamamlayia1 Uriinler: Bu malzemeler yapilarda tasima ve koruma 6zellikleri disinda
tali(ikincil) amaglar (dekorasyon, vitrifiye, tamamlama vb.) i¢in kullanilan malzemelerdir.
Aslinda yapilarda birgok detayda kullanilabilir ama bu yazida en ¢ok tercih edilen kullanim
yerlerine gore bu grup kendi ig¢inde dort alt baslikta incelenmistir. Bu alt bagliklar: a.)
dogramalar b.) bahge c¢itleri ve korkuluklar c.) mobilyalar ve d.) vitrifiyedir.

Sekil 4.4 (a) Bambu pencere dogramasi (Bari, b.t.), (b) Bambu kap1 dogramasi ve kaplamasi (Pridgeon, 2013),
(c) Bambu ¢it (GDMING bamboo fence”’, b.t.), (d) bambu mobilyalara birgok 6rnek (“’Sustainable design and”’,
b.t.), (e)bambu lavabo (*’Aria bamboo vessel’’, b.t.)
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5.YAPI MALZEMESIi OLARAK BAMBUNUN KULLANILDIGI ORNEKLER
Tablo 5.1 Bambu Pavyon Ornegi 3: ZERI Pavyonu

YAPININ ADI ZERI Pavyonu
YERI Hannover, Almanya
YAPIM YILI 2000
MIMARI Simon Veléz, Marcelo Villegas
BAMBUNUN YAPIDAKI KULLANIM YERI
Tastyici Uriinlerde Striiktiir
Béliicii/Ortiicii Uriinlerde Cat1 Kaplamasi
ACIKLAMA

Oncelikle yapmnin mimar1 Simén Vélez, insaatta bambu ve Guadua kullaniminda uzman olan diinya
capmnda en {inlii mimardir. Yapi, ZERI (Stfir Karbon Emisyonu Arastirma Inisiyatifi) Galerisi,
EXPO 2000 Fuari'nda Almanya'da sergilenmistir. Baglangici ve sonu olmayan, daire seklindeki agik
tasarimi ile herkesi engelsiz sekilde katilmaya davet etmektedir. Her yerde, herkes tarafindan
erisilebilir olan kavram ve teknolojileri biinyesinde barindiran evrensel bir organizasyonu sembolize
etmektedir (Marshall McLuhan).

Yapi, uzunluklari 14-20 metre arasinda degisen 20 adet bambu direk tlizerine kurulmustur. Dis
siitunlar, ana kirislerle birbirine baglanan tek bir taban iizerine oturtulmustur. I¢ siitunlar merkez
halkaya baglanmigtir. 40 metre capindaki ¢atinin yiiksekligi mahyada 14,5 metre, oluklarda 7
metredir. Cati kaplamasi olarak on kenarli ¢okgen seklindeki bir yagmurluk (membran), dista ise
bambu ile giiclendirilmis 3 cm kalinligindaki ¢imento kiremitler kullanilmigtir. (Rohrbach ve
Gillmann, 2001).

YAPININ GORSELLERI

- L o)

Sekil 5.1 ZERI pavyonunun bambu iskeleti detay goriiniisleri (Rohrbach ve Gillmann, 2001)

Tablo 5.2 Bambu Képrii Ornegi: Yaya Kopriisii (Footbridge)

YAPININ ADI Yaya Kopriisii (Footbridge)
YERI Santa Fe de Antioquia, Kolombiya
YAPIM YILI 2005
MIMARI Jorg Stamm, Juan Carlos Sanz
BAMBUNUN YAPIDAKI KULLANIM YERI
Tastyici Uriinlerde Striiktiir
ACIKLAMA

Koprii 30 m aciklia ve 3 m serbest genislige sahiptir. 10 — 14 cm kesitli 600 ’Guadua
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Angustifolia’” bambusu ile insa edilmistir. Bu miktar, 500 kg/m2 yiik, 15 ton riizgar kuvveti ve 30
yillik 6miir i¢in hesaplanmistir. Kemerler i¢in dogal egrilige sahip bambular se¢ilmistir. Basing
kuvvetleri, biiyiik bir beton temele aktarilmistir. K&priiniin zemini beton; ¢ati terracotta kiremitlerle
kaplanmistir. Montaj1 {i¢ hafta siirmiistiir. Kemerli elemanlar, ahsap ¢ivilerle kalic1 bir egri iginde
bir arada tutulan bes biikiilmiis bambu kamisindan olugmaktadir. Yapiyr hava kosullarina karsi

korumak icin bambu elemanlarin tiimiinde bir UV engelleyici ile karistirilmis keten tohumu yagi
bazli bir vernik kullanilmistir (Minke, 2016).

YAPININ GORSELLERI

Tablo 5.3 Bambu Konut Ornegi 1: Carabanchel’de Bambu Konut

YAPININ ADI Carabanchel’de Bambu Konut
YERI Carabanchel, Ispanya
YAPIM YILI 2007
MIMARI Foreign Office Architects (FOA)
BAMBUNUN YAPIDAKI KULLANIM YERI
Béliicii/Ortiicii Uriinlerde Golgeleme Elemani
ACIKLAMA

Avrupa'nin en biiyiik sosyal konut projelerinden biridir. Bambu saplariyla kapli bes katli bir binadir.
Binanin kendisi bambudan insa edilmemis olmasina ragmen ilk bakista bambular goze
carpmaktadir. Proje ile, genis alanli ve yiiksek kaliteli ucuz konutlar sunmanin yani sira, bambu
panjurlarin dikkat cektigi bir dis cephe goriintiisii amaglanmistir. Yapinin dis yiizeyinin tamamen
bambuyla kapli olmasina karsilik, panjurlar istege bagli olarak agilip kapatilabilmektedir.

Bambu her bakimdan enerji tasarrufu saglamaktadir. Bu projede bambu; kisin 1s1 yalitimi
saglamakta, yazin ise dogal gélgelik ozelligiyle i¢ mekan1 kavurucu sicak ve giines 1sigindan
koruyarak serinletmektedir. Ayni zamanda, kalabalik sehirler i¢in 6nemli bir husus olan ses yalitim1
da saglayan bir malzemedir (Jewell, 2011).

YAPININ GORSELLERI

!
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Sekil 5.3 Binanin tamamen bambularla kapli dis cephe goriiniisi (Jewell, 2011)

Tablo 5.4 Bambu Konut Ornegi 4: Colibri Evi

YAPININ ADI Colibri Evi

YERI Cali, Kolombiya

YAPIM YILI 2009

MIMARI Juan Carlos Moreno, Moénica Guerrero, Luis Carlos Rios
BAMBUNUN YAPIDAKI KULLANIM YERI

Tastyict Uriinlerde Striiktiir, Merdivenler

Béliicii/Ortiicii Uriinlerde Duvarlar, Zemin Kaplamasi

Tamamlayici Uriinlerde Pencere ve Kap1 Dogramalari, Korkuluklar

ACIKLAMA

Ev, kopriilerle birlestirilmis {i¢ modiilden olusmaktadir. Bambu Guadua angustifolia, bu modiillerin
(yap1, duvarlar ve cat1) yapiminda kullanilan ana unsurdur. 1. ve 2. modiillerin her biri, nehir tasi
temeller iizerinde desteklenen 6 m agiklikli dort revak ile insa edilmistir. Her siitun, birinci katta 13
bambu direkten olusan bir demet olup, ikinci katta 9 bambu direge ve {igiincii katta 4 bambu direge
doniisiir. Cat1 yapisi, catinin egrisini olusturan farkl yiikseklikteki payandalara sahip makaslardan
olusmaktadir. Sagaklar ise ana yapiya diyagonal kamiglarla sabitlenmistir. Bambu kamislar, palmiye
agaci pimleri ve galvanizli tel ankrajlarla birlestirilmistir. Duvarlar, yaklasik olarak her 50 cm'de bir
meydana gelen ikincil kolonlardan olusan bir yapiya tutturulmus guadua kalaslarindan yapilmustir.
Yapisal derzler, hava kosullaria maruz kalan bambu kamiglarin ¢ogu ve duvarlarin tiimii, kireg,
sisal lifleri ve ¢imento ile stabilize edilmis bir toprak karigimi ile kaplanmistir. 3.modiil, bir wattle-
and-daub sepeti gibi insa edilmis oval formu nedeniyle stabildir. Ag¢ik salon katinin zemini,
ingaattan kalan bambularla olusturulmustur (Minke, 2016).

Tablo 5.5 Bambu Konut Ornegi 3: Stepped House

YAPININ ADI Stepped House

YERI El Darién, Valle,Kolombiya

YAPIM YILI 2009

MIMARI Opcion Timagua (Monica Guerrero and Daniel Benavides)
BAMBUNUN YAPIDAKI KULLANIM YERI

Tasiyic1 Uriinlerde Striiktiir

Béliicii/Ortiicii Uriinlerde Duvarlar, Zemin Kaplamasi
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Tamamlayici Uriinlerde | Pencere ve Kap1 Dogramalari

ACIKLAMA

Bes katli ev, 12 m genisliginde ve 42 m derinliginde, 45 derece egimli bir arsa {izerinde yer
almaktadir. Yapi, Guadua Angustifolia'nin piramidal sepet seklinde ii¢ katli bir kule yapisini tagiyan
beton ve nehir tagi istinat duvarlarindan yapilmis iki katli bir temel {izerine oturmaktadir. Kulede,
ana kose siitunlari, her 50 cm'de bir ikincil siitunlarin bulundugu ti¢ bambu kamisindan olusur.
Bunlar, palmiye agaci pimleri (Bactris macana) ile birlestirilir. Déseme plakalari, bir ahgsap zemin
icin bir taban olarak bambu plakalarla kapatilmig, {i¢ kamistan olusan ana kirisler, iki kamistan
olusan ikincil kirisler ve her 40 cm'de bir ti¢ilinciil kirislerden olusan bir yapidan olusur. Duvarlarin
her iki tarafi camur, kireg, fique lifleri (sisal lifleri) ve bir miktar ¢imento ile sivanmis bambu
kalaslarla kaplanmistir. Tonozlu kulenin catisi, gevresinde egimli siitunlarla sabitlenir ve bir
membran ve boya ile kaplanmis bir kamig 6rgiisii ve hasirlardan olusur (Minke, 2016).

YAPININ GORSELLERI

i

Sekil 5.5 Konutun bambu iskeleti, dis cephe goriiniisii ve bambu zemin kaplamasi (Minke, 2016)

Tablo 5.6 Bambu Pavyon Omegi 1: Hint Pavyonu, EXPO 2010

YAPININ ADI Hint Pavyonu, EXPO 2010
YERI Sangay, Cin
YAPIM YILI 2010
MIMARI Pradeep Sachdeva, Simon Vélez
BAMBUNUN YAPIDAKI KULLANIM YERI
Tastyict Uriinlerde Striiktiir
ACIKLAMA

Pavyon, 35 m ¢apinda ve 17 m yiiksekliginde 980 m? alana sahip kubbeli bir formdadir.
Yapi, 36 bambu kemerle tabandan firlar ve tepede birlesir. Her bir kemer, u¢ uca

Y
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yerlestirilmis ve birlestirilmis 6 bambudan olusur. Kemerler, yapinin sahada dogru
geometriye gore insa edilmesini saglamak igin farkli seviyelerde 10 bambu ve 4 ¢elik halka
ile birlestirilmistir. Altta bir beton halka ve iistte bir tane daha vardir. Bambulari
birlestirirken, derzlerin yakinindaki bambu diiglimlerine ¢imento harci enjekte edildi.
Bambu parcalarinin baglant1 noktalarindaki ¢ap farkliliklarini absorbe etmek i¢in en biiyiik
captan daha biiyiik bir ¢elik levha kullanildi. Bu plaka ayrica civatanin gémiilii oldugu
¢imento harci i¢in bir durdurucu gorevi goriir. Cat1 kaplamasina serilen membran nem ve su
bariyeri islevi gorlir. Bunun iizeri 125.000'den fazla bitki, ¢ok renkli bir desende “Hayat
Agact” halisinden esinlenerek elle dikildi ve bu bitkilere entegre bakir plakalarla siis
tasarimi olusturmustur. Kullanilan bambu, yerel olarak "Moso" veya "Mao Zhu" olarak
adlandirilan Phyllostachys heterocyda pube-scens veya Phyllostachys edulis'tir ve
Sanghay'in 200 km batisindaki Anji bolgesinden tedarik edilmistir.. Bu bambu kamislar,
ilik bir borik asit ve agartic1 ¢ozeltisi i¢inde isleme tabi tutuldu ve sicakken biikiildii.
Eklemler metalik pimlerle sabitlendi; delinmis internodlar betonla dolduruldu (“’World’s
largest bamboo’’, 2010).

YAPININ GORSELLERI
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Sekil 5.6 EXPO 2010 Hint pavyonunun bambu iskeleti detay goriinisleri (“’World’s largest bamboo’’, 2010)

Tablo 5.7 Bambu Pavyon Omegi 2: Alman-Cin Evi, EXPO 2010

YAPININ ADI Alman-Cin Evi, EXPO 2010
YERI Shanghai, Cin
YAPIM YILI 2010
MIMARI Markus Heinsdorff

BAMBUNUN YAPIDAKI KULLANIM YERI
Tastyic1 Uriinlerde Striiktiir
Béliicii/Ortiicii Uriinlerde Zemin Kaplamasi
Tamamlayici Uriinlerde Mobilyalar

ACIKLAMA
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25 x 10 m olgiilerinde, 2 katli, 8 m yiiksekliginde, 330m2 alana sahip binada sergi, oyun ve
konferans alanlari bulunmaktadir. Cat1 konstriiksiyonu, Giiney Cin'den tedarik edilen 23 cm'ye
kadar kesite sahip 8 m uzunlugundaki Julong bambu direklerinden yapilmistir. Lamine bambu
cerceveler iist katin zemininde kullanilmistir. Tiim yapisal bambu elemanlar bir yangin onleyici
madde ile islenmigtir. Paslanmaz gelik baglanti pargalar 6zellikle bu kosk i¢in gelistirilmis olup,
kullanimdan sonra yapinin kolayca demonte edilebilmesi igin tasarlanmigtir. Siitunlarin dibindeki
disli elemanlar, toleranslara uyum saglamayr miimkiin kilmaktadir. Bambu kamiglarinin ug
kisimlari, iyi bir mekanik baglanti saglamak i¢in, 6nce poliiiretan regine ve ileri seviye poliiiretan
recine ile 1slatilmis kum tabakasi ile islatilmigtir. Bambu kamislarinin uglar daha sonra yiiksek
oranda ucucu kiil ile yapilmig, bambunun i¢ yiizeyine sikica yapismasini saglayan beton karigimi ile
doldurulmustur. Betona yerlestirilen c¢elik baglanti setleri, bambunun bdliimlerinin birbirine
baglanmasini saglar. Bambu kamislarinin uglari, iyi bir mekanik dayaniklilik saglamak igin Once
poliiiretan reginesi ve daha sonra bagka bir poliiiretan reginesi ile kum tabakasi ile 1slatilmistir.
Uglar daha sonra yiiksek oranda ugucu kiil ile yapilmig bir beton karigimi ile doldurulmus, bu da
betonun i¢i bog bambu boliimiiniin i¢ yiizeyine gozenekler veya bosluklar olmadan yapigmasini
saglamigtir. Betona yerlestirilen ¢elik baglanti parcalari, bambu bdliimlerin birbirine baglanmasini
saglamaktadir. Pavyonun cephesi 151k gecirgen ETFE membran kaplama, ¢atist ise PVC membran
kaplanmistir. Yine Markus Heinsdorff tarafindan pavyon i¢in 6zel olarak tasarlanan mobilyalar,

lamine bambu profillerden yapilmistir (Minke, 2016).

YAPININ GORSELLERI

Sekil 5.7 EXPO 2010 Alman- Cin pavyonunun bambu iskeleti detay goriiniigleri (Minke, 2016)

Tablo 5.8 Bambu Konut Ornegi 2: Bb Evi (Cigek Agan Bambu Ev)

YAPININ ADI Bb Evi (Cigek Acan Bambu Ev) (Blooming Bamboo Home)
YERI Hoan Kiem Bolgesi, Vietnam
YAPIM YILI 2013
MIMARI H&P Architects (Doan Thanh Ha, Tran Ngoc Phuong)
BAMBUNUN YAPIDAKI KULLANIM YERI
Tastyic1 Uriinlerde Striiktiir, Merdiven
Béliicii/Ortiicii Uriinlerde Duvarlar, Cat1 Kaplamasi, Zemin Kaplamasi, Golgeleme Elemamn
Tamamlayici Uriinlerde Kap1 Dogramasi, Korkuluk, Mobilya
ACIKLAMA

Bu prototip 44 m2’lik yapinin amaci, Vietnam'da evleri siddetli sel baskinlariyla tehdit edilen
insanlara bir ¢6ziim sunmaktir. Ayakliklar lizerinde yiikselen ev, 1,5 m yiiksekligindeki bir sele
dayanabilmektedir. Bir sel durumunda, entegre geri donistiiriilmiis yag tanklar1 nedeniyle bina su
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seviyesiyle birlikte ytikselir. Her taraftaki ankrajh celik kaziklar, ylizer yapiy1 yatay olarak yerinde
tutar ve stiriikklenmesini 6nler. Bina, ilave modiiller ile kolaylikla biiyiitiilebilir. Sadece bir ev olarak
degil, aynm1 zamanda bir tip, egitim veya toplum merkezi olarak da islev goriir. Yapi, 8-10 cm
capinda biiylik bir bambu tiirlinden ve 4-5 cm ¢apinda daha kiiciik bir tiirden yapilmig modiillerden
monte edilmistir. Bambu saplariin her biri 6.60 m veya 3.30 m uzunlugundadir. Kaplama, yerel
iklime ve ince bambu, bambu kamis, sunta veya hindistancevizi yapraklari gibi bolgesel
malzemelere gore degisebilir. Kullanicilar, 25 giin icinde civatalayarak, baglayarak, asarak ve
yerlestirerek binay1 kendileri monte edebilmektedirler (Minke, 2016).

YAPININ GORSELLERI
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Tablo 5.9 Bambu Otel Tasarimi Ornegi: Penda'nin Modiiler Bambu Oteli

YAPININ ADI Penda'nin Modiiler Bambu Oteli
YERI Cin
YAPIM YILI 2014
MIMARI Penda
BAMBUNUN YAPIDAKI KULLANIM YERI
Tastyic Uriinlerde Striiktiir
ACIKLAMA

Penda'nin aga¢ ev eko-oteli, AIM Legend of Tent yarigmasi igin tasarlandi. Yarigsma, konuklar
Cin'in ¢esitli kilit noktalarinda doga ile baglanti kurmaya tesvik eden disiik etkili eko-oteller

kurarak biiyiik Cin bina projelerinin trendini kirmay1 amagliyor.

Agac ev Kizilderili Tipi'nden biraz ilham aliyor ve bu gdcebe yapr gibi yeniden kullanilabilir,
uyarlanabilir ve devam etme zamani geldiginde kalic1 hasar birakmaz. Nitekim Penda'nin tasarim
Ozeti, oteli dmriintin sonuna geldiginde kolayca sokiilebilecegini ve bambunun iskele olarak veya
bagka bir otel insa etmek i¢in kullanilabilecegini belirtiyor.

Agag ev, iple birbirine baglanmig bambu ¢ubuklardan yapilmis 4,7 x 4 m (15,4 x 13 ft) 6l¢iilerinde
birbirine baglanan {liggen 1zgaralardan olusur (yapinin hicbir yerinde vida veya c¢ivi kullanilmaz).
Izgaralar yatay veya dikey olarak kolayca genisletilebilir ve gergeve icine birden fazla modiil
yerlestirilebilir. Esnek bir 1zgara ile ilgili en iyi sey, gerektiginde yapisal kirisler ekleyebilmenizdir,
bdylece yapmin bir pargasi {izerinde daha fazla yiik olacaksa, daha fazla bambu eklenebilir. Penda
tarafindan Onerilen modiillerden bazilar1 12 m2 (129 sq ft) tek ¢adir, 20 m2 (215 sq ft) tuvalet, 100
m2 (1.076 sq ft) lobi ve iki katli (62 m2) /662 sq ft) "baskanlik" ¢adiridir (Williams, 2014).
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YAPININ GORSELLERI

Sekil 5.9 Penda'nin Modiiler Bambu Oteli bambu iskeleti detay goriiniisleri (Williams, 2014)

Tablo 5.10 Bambu Spor Merkezi Ornegi: Uluslararas1 Panyaden Okulu Spor Merkezi

YAPININ ADI Uluslararasi Panyaden Okulu Spor Merkezi
YERI Chiang Mai, Tayland
YAPIM YILI 2017
MIMARI Markus Roselieb, Tosapon Sittiwong
BAMBUNUN YAPIDAKI KULLANIM YERI
Tastyict Uriinlerde Striiktiir, Merdiven
Béliicii/Ortiicii Uriinlerde Duvarlar, Cat: Kaplamasi
Tamamlayici Uriinlerde Kap1, Korkuluk
ACIKLAMA

Dogaya saygiy1 esas alan Budist degerlerine gore ingiliz sisteminde egitim veren Uluslararasi bir
okulun yerleskesi iginde yapilan bu spor merkezi, dogaya yakin olma felsefesinden hareketle bambu
kullanilarak inga edilmistir. Yapimin tasiyici sistemi disinda ist Ortli malzemesi de bambudur.
Bdylece kurumun ‘yesil okul’ felsefesine uygun olarak yapinin karbon ayak izi de — alternatif yapim
sistemlerine gore %90 oraninda — azaltilmistir. Sicak ve nemli iklimde yer alan yapi, futsal,
basketbol, voleybol ve badminton sahalar ile ylikseltilebilen bir kulis iceren iistii kapali, yanlar1
acik bir yapidir. Sahalarmn iki yaninda yiikseltilmis balkonlar seyir mekéani islevi goriir. 728 m2 alan
orten bambu tasiyicili ve kaplamali iist Ortiiniin serbest agikligr 17.22 m.’dir. Bambu makaslar bu
acikligr celik takviye veya baglanti kullanilmaksizin gegecek bicimde tasarlanmistir. Santiyede
onceden insa edilen, prefabrik kafes kirigler, bir ving ile yerine kaldirilmigtir. Yapinin émriiniin en
az 50 y1l olmasi1 beklenmektedir (‘’Panyaden bamboo sports’’, b.t.).

YAPININ GORSELLERI
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Sekil 5.10 Uluslararast Panyaden Okulu Spor Merkezi dis cephe ve i¢ mekan goriiniisleri (‘’Panyaden bamboo
sports’’, b.t.)

Tablo 5.11 Bambu Konferans Merkezi Ornegi: Naman Retreat Konferans Salonu

YAPININ ADI Naman Retreat Konferans Salonu
YERI Ngii Hanh Son, Vietnam
YAPIM YILI 2015
MIMARI VTN (Vo Trong Nghia) Mimarlhk
BAMBUNUN YAPIDAKI KULLANIM YERI
Tasiyic Uriinlerde | Striiktiir
ACIKLAMA

3.4 hektarlik bir alanda 80 bungalov, otel, 6 VIP villa ve diger 20 villanin bulundugu tatil kompleksi
olarak tasarlanmis bolgenin konferans salonu olarak 773 m2 alan kaplar. Dikdoértgen planli,
asimetrik egimli catili bir salondur. Tonoz bambu yapisi, binaya ikonik ve etkileyici bir goriiniim
kazandiriyor. Bina 2 paralel mekandan olugmaktadir; kapali salon ve agik koridor. Dis koridor,
misafirleri karsilayan bir acik hava lobisi olarak da hizmet veriyor. Ana tasiyici yapi, 9,5m cati
yliksekligi ile salonda 13,5 m, koridorda 4 m agiklig1 asan bambu gercevelerdir. Kemer benzeri
izlenim, ana yapinin bir parcasi olan biikiilmiis bambu tarafindan yaratilmistir. Cati kaplamasi
olarak saz kullanilmistir.

Bu binada kullanilan 2 g¢esit bambu vardir. Diiz kolonlar i¢in 8§ m'ye kadar ulagabilen giicii ve
uzunlugu nedeniyle “Luong” bambu se¢ilmistir. Kemerlerde esneklik 6zelliginden dolay1 “Tam
Vong” bambu kullanilmistir (OKi, 2015).

YAPININ GORSELLERI
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Sekil 5.11 Naman Retreat Konferans Salonu bambu iskeleti detay goriiniisleri (OKi, 2015)
6.SONUC
Stirdiirtilebilir malzemeler hakkinda uzun ¢aligmalar yapan ve "cevreye zarar vermeden hangi

malzemeler kullanilabilir?" sorusuna cevap arayan arastirmacilar; toplu aga¢ kesimlerinin,
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yapilagmanin gelecegini iyi bir ekolojik noktaya tagimadigi sonucuna ulasmislardir. Bir yap1
malzemesi olarak kapsamli sekilde arastirilan bambunun, ¢evreye zarar vermeyen en degerli
malzemelerden biri oldugu tespit edilmistir. Bu bitkinin en dikkat ¢ekici tarafi ise, bir glinde
metrelerce biiyiiyebilmesi ve 3-5 yil icerisinde hasat edilip yapt malzemesi olarak
kullanilabilmesidir. Insanoglu bambuyu yiizyillardir kullanmaktadir. Giiniimiizde gidadan
ingaata, tekstilden yiiksek teknolojilere kadar birgok alanda kullanilmaya devam etmektedir.
Bambu, hafif olmasina karsin, cok esnek ve dayaniklidir. Silindirik yapis1 ve i¢inin bos olmasi
ise olumsuz oOzelliklerindendir. Ayrica, siirekli diizensiz biiyiiyen, kivrimli bir bitki ile
calismak olduk¢a zordur. Dogru yaklasim ve yontemlerle, sadece bambu kullanarak,
temelinden catisina kadar bir evi insa etmek miimkiindiir. Bambunun en zorlayici kismi
eklemleridir. Eklemlerin standart yapilar1 yoktur, ayrica aga¢ veya herhangi baska bir
malzemenin birlestirme yontemleri ile uyumlu degildirler. Birgcok mimar kendine has
teknikler gelistirerek, egzotik binalarin tasariminda bambu kullanma konusunda ustalagmistir.
Klasik konutlar temelin atilmasi ile baslar, slitunlarin ve duvarlarin insasi ile devam eder ve
cat1 ile bitirilir. Bambu evlerde ise; temel, ayn1 zamanda duvara da doniisebilen bir destek
kolonunun i¢ine girebilmekte ve yap1 kubbeli bir ¢at1 ile tamamlanmaktadir.

Bambunun ¢ok dayanikli oldugu unutulmamalidir. Bilim insanlari, ¢imento ile karistirilan
bambunun iki kat daha giiclii oldugunu kesfetmislerdir. Bu faydalar1 nedeniyle, bambunun
onlimiizdeki yillarda binalarin gii¢lendirilmesinde demir ve ¢eligin yerine kullanilabilecegi
degerlendirilmektedir.

Ekolojik bir iirlin olan bambunun o6zellikleri dikkate alindiginda, yeterince etkin
kullanilmadig1r anlasilmaktadir. Bambu iiretiminde en Onemli sorun haserelere karsi
korunmadir. Cevreye ve bambuya zarar vermeyen en 1yi ¢oziim bor ¢ozeltisi kullanmaktir. 21.
ylizy1l mimarisinde, halihazirda %100 bambudan imal edilen yapilar olduguna goére, neden
daha ileri gidip ¢evreye zarar vermeyen, ekolojik ve ¢ok fonksiyonlu binalar yapilmasin?
Bambu, CO2 emilimi yapmasinin yani sira, igne yaprakli agaclara nazaran %35 daha fazla
oksijen salgilamaktadir. Bambunun iiretimi i¢in enerji harcanmaz, %100 dogal ve kullanima
hazir bir driindlir. Hem kaplama malzemesi, hem de temel yapi bileseni olarak
kullanilabilmektedir. Bambu evler, okullar, restoranlar, ibadethaneler ve kopriiler insa
edebileceginiz essiz bir malzemedir.

Ozellikle gelismekte olan iilkelerdeki bambu yetistiriciligi yerel halka istindam yaratarak;
yoksullugun ortadan kaldirilmasini, yap1 malzemesi, tekstil ve yeterli beslenme imkanina

sahip olmalarin1 ve sosyal yasamlarini giivence altina almalarin1 saglamaktadir.
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Bambu, halk tarafindan yeterince bilinmeyen, mimarlarin ve yatirimcilarin ilgisini yeni yeni
cekmeye baslayan bir Uriindiir. Gelecekte siirdiiriilebilir bir malzeme olarak 6n plana
cikarilmalidir. Ozellikle Avrupa ile, tropikal ve subtropikal bolgelere yakin diger iilkeler
bambu hakkinda daha fazla bilgiye sahip olduklar1 ve yeterli yatinm yapildigi takdirde,
kullanim alanlar1 6nemli 6l¢iide artirilabilir.

Gelecekte ahsaba olan talebin yerini bambu ve ikincil islem gormiis bambu katkili
malzemeler alabilirse, 6zellikle yap1 sektoriinde artan hammadde ihtiyaci nedeniyle yasanan
ormansizlagsma sorunu da biiyiik 6l¢ciide ortadan kalkacaktir.
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EVALUATION OF THE CONTACT CONDITIONS OF MARINE STRUCTURES
FENDERS WITH SIMPLIFIED METHODS
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OZET

Yanasma yapilar1 olarak ifade edebilecegimiz liman, iskele gibi a¢ik denize komsu yapilara
yanasan tekne, gemi gibi tasitlarin sisteme uyguladigi hareketli yiiklerin soniimlenmesinde
kullanilan elemanlar usturmaga olarak tanimlanmaktadirlar. Bu elemanlar gemilerin limana
baglanmas1 sirasinda olusabilecek ¢arpma kaynakli hasar etkilerini en aza indirme
bakimindan biiyilk 6nem tasimaktadir. Biiylikk 6nem tasiyan bu elemanlarin zamana baglh
deformasyonlar nedeniyle diizenli olarak kontrollerinin ve testlerinin yapilmasi gerekmekte,
bu kontrollere bagli olarak da ekonomik Omriinii tamamlamis olanlarmin degistirilmesi
sonucu ortaya c¢ikmaktadir. Kullanildiklar1 deniz yapisi boyunca ¢ok sayida uygulanmasi
gereken bu biiyiikk biit¢eli elamanlar igin ortaya ciddi bakim ve yatirnrm maliyetleri
cikmaktadir. Bu ¢alismada iilkemizde de yaygin olarak kullanilan usturmaca orneklerinden iki
farkli boyut ve tip secilmistir. Birinci tip hiicre tipi usturmacga olarak gecerken digeri arkadan
celik destek ayakli digerine nazaran daha uygun maliyetli bir tasarima sahiptir. Bu
elemanlarin tam ylizey temas durumu, diisiik seviyeli temas durumu ve acisal darbe durumu
degerlendirilerek, uzun donemli  kullannomda  ekonomik  Omiirleri  bakimindan
degerlendirilmeleri yapilmistir. Degerlendirme ilk olarak temas durumlarina karsi usturmaga
reaksiyon kuvvetlerinin basit metotlar ile belirlenmesi ve segilen usturmacgalarin enerji,
reaksiyon ve sapma egrilerinin performanslarinin ortaya konmasi seklindedir. Tam temas,
diistiik seviyeli darbe, agisal darbe, kapasite ve kesit kontrolii gibi durumlar incelendiginde,
secilen her iki kesitinde sartlar1 saglamasina ragmen Tip 2’nin ¢ok giivenli sonuglar verdigi
gorilmistiir. Usturmaca sistemlerinin  uzun siireli bakim maliyetleri agisindan
degerlendirilmesi yapildiginda ise benzer yiik ve yiikleme durumlar igin iki tip usturmaca
sisteminin de kullanilmasinda herhangi bir mahsur bulunmadigi, bununla birlikte ilk yatirim
maliyeti daha yiiksek olan hiicre tipinin (Tip 2) uzun siireli kullanimda digerine nazaran %20
oraninda daha uygun maliyetlerle degerlendirilebilecegi ifade edilebilir. Sonu¢ olarak,
teknolojinin geldigi nokta itibariyle tiretilen yeni nesil gii¢ sistemlerinin kontrollii ve yiiksek
manevra kabiliyeti 6zelliklerini barindirdiklar1 maliyet ve kullanim siirelerine bagli olarak
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secimlerinin dogru yapilmasiyla tim sistemlerin kullanilmasinin uygun olacagi ifade
edilebilir.

Anahtar Kelimeler: Usturmaga, Deniz Yanasma Yapilar, Tam Temas Durumu, Diisiik
Seviyeli Darbe Durumu, A¢isal Darbe Durumu

ABSTRACT

Equipment used in damping the moving loads applied to the system by vehicles such as boats
and ships berthing to structures adjacent to the open sea, such as ports and piers, which we
can express as berthing structures, are defined as fenders. This type of equipment is of great
importance in reducing the effects of impact damage that may occur during the mooring of
ships to the port. These types of equipment, which are of great importance, must be checked
and tested regularly due to time-dependent deformations, and depending on these controls, the
replacement of the ones that have completed their economic life occurs. In this study, two
different sizes and types were selected from the fender samples, which are widely used in our
country. While the first type is a cell-type fender, the other has a more cost-effective design
than the other with steel support legs from the back. These types of equipment have been
evaluated in terms of their economic life in long-term use as full surface contact state, low-
level contact state, and angular impact state. The evaluation is first to determine the fender
reaction forces against contact conditions with simple methods and to reveal the performance
of the energy, reaction, and deflection curves of the selected fenders. When conditions such as
full contact, low-level impact, angular impact, capacity, and section control are examined, it is
seen that Type 2 gives very safe results, although it meets the conditions in both selected
sections. When the fender systems are evaluated in terms of long-term maintenance costs, it
can be stated that there is no problem in using both types of fender systems for similar load
and loading situations. however, it can be stated that the cell type with a higher initial
investment cost can be evaluated as 20% more affordable than the other in long-term use. As
a result, it can be stated that the new generation power systems produced as of the point of
technology have controlled and high manoeuvrability features, and it will be appropriate to
use all systems if the selection is made correctly depending on the cost and usage period.

Keywords: Fenders, Marine Structures, Full Contact Condition, Low-Level Impact
Condition, Angular Impact Condition
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OZET

Icerisinde birgok fay parcasini barmdiran ve Tiirkiye nin en dnemli aktif tektonik unsuru olan
Kuzey Anadolu Fay Zonu iizerinde yer alan Yalova ili, Kocaeli depreminde yap1 hasarlarinin
yogun oldugu ve agir kayiplarin verildigi bolgelerden biri olmustur. 17 Agustos 1999°da
meydana gelen Kocaeli Depreminde Yalova ili smirlar1 igerisinde 8585 adet orta hasarli ve
9570 adet agir hasarli bina tespit edilmistir. Bunun neticesinde ise 17480 can kaybinin 2504’
sadece Yalova genelinde meydana gelmistir. Bilimsel arastirmalar ve geg¢mise doniik
degerlendirmeler sismik aktivite alani igerisinde yer alan Yalova’y1 da icerisine alan Marmara
Havzasi’nin yeni yer hareketlerine maruz kalabilecegini ortaya koymaktadir. Olas1 Kocaeli
depremi Olgeginde bir depremde, Kocaeli depremine maruz kalan binalardan giiclendirilmis
binalar ve giigclendirilmemis binalar, 1999-2011 tarih aralikli bina stoku, 2011-2018 tarih
aralikli bina stoku ve 2018 sonrasi bina stokunun yapisal davranisi ve performansinin hangi
seviyede olacagi ise bilinmemektedir. Bu c¢alismada, Yalova ili 6zelinde 1999 depremine
maruz kalmis ve belirli bir mevzuata bagl kalmadan giiclendirilmis veya gii¢lendirilmemis
binalar, 2011 yilina kadar yeterli yap1 denetiminden gegcmeden insa edilmis binalar ile 1998,
2007 ve 2018 yonetmeligine tam olarak uygun insa edilmis binalarin yapisal davraniglart
degerlendirilmektedir. Bu amagla, projeye uygun olarak segilecek 6rnek binalarin malzeme
ve yapisal elemanlarina dair bilgiler mevcut uygulama projeleri ile degerlendirildikten sonra
binalara ait elde edilecek yap1 bilgileri, uygun analitik ve sayisal yontemler yardimiyla
bilgisayar ortaminda modellenmektedir. Bilgisayar ortaminda hazirlanan bina modelleri
iizerinde Yalova ilinin de igerisinde yer aldigi Kuzey Anadolu Fay Hatti iizerinde olusan
depremlerin bir benzesimi olan yer hareketi kayitlar1 ve yeni deprem senaryolarinin yapilarin
dinamik davranig1 iizerindeki etkileri incelenerek yapilarin olast depremler karsisindaki

dinamik davranislari ortaya konulmaktadir.

Anahtar Kelimeler: Dinamik analiz, deprem, fay hatti, yapisal davranis.
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ABSTRACT

Yalova Province, located on the North Anatolian Fault Zone, has been one of intensity region
of heavy losses during the Kocaeli Earthquake on August 17, 1999. 8585 medium damaged
and 9570 heavily damaged buildings were identified within the borders of Yalova Province.
As a result of this, 2504 of 17480 deaths occurred only in Yalova. Scientific researches and
historical evaluations reveal that the Marmara Basin, which includes Yalova, which is located
in the field of seismic activity, may be exposed to new ground motions. For a possible
earthquake like Kocaeli earthquake, the structural behavior and performance level of the
strengthened buildings and non-strengthened buildings after the Kocaeli earthquake, buildings
constructed between 1999 and 2011, building constructed between 2011 and 2018 years, and
buildings constructed after 2018 are unknown. In this study, the structural behaviors of
buildings that have been subjected to the 1999 earthquake in Yalova province and have been
strengthened or not strengthened without according to any code or regulations, the structural
behaviors of buildings that have been built in full compliance with the 1998, 2007 and 2018
earthquake codes and the structural behaviors of buildings built without adequate building
supervision until 2011 are evaluated. For this purpose, after the information about the material
and structural elements of the reference buildings to be selected in accordance with the project
are evaluated with the current application projects, the buildings are modeled with the
computer-aided environment using appropriate analytical and numerical methods. The
dynamic behavior of the buildings against possible earthquakes are revealed using dynamic
analysis software under the effects of the ground motion records, which is a simulation of the
earthquakes occurring on the North Anatolian Fault Line, in which Yalova is located, and the
effects of the new earthquake scenarios.

Keywords: Dynamic analysis, earthquake, fault line, structural behavior.
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PETROLOGY OF MAFIC DYKES WITHIN THE GUCUNKAYA (AKSARAY)
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OZET

Calisma alam I¢ Anadolu Temel Birimleri (IATB) giineyinde Aksaray ili dogusunda yer
almaktadir. Bu caligma ile bolgede granit/granodiyorit bilesimli Giiclinkaya granitoidi
icerisinde K-G ve K30°-50°D/85°-89° KB-GD arasinda degisen yonelimlerine sahip mafik
damar kayalariin petrografik ve jeokimyasal 6zelliklerinin ortaya konulmasi amaglanmaistir.
Mafik damar kayalar petrografik olarak diyorit porfir, mikro-diyorit porfir ve mikro-gabro
porfir bilesimlidir. Mafik damar kayalar1 genel olarak holokristalin hipidyomorf porfirik
dokusal o6zelligi gosterir. Diyorit porfirlerin ana mineralojik bilesimini plajiyoklaz (Anas-
Ansy), biyotit, amfibol ve kuvars olusturur. Benzer mineralojik bilesime sahip mikro-diyorit
porfirlerde piroksen mineralleri gézlenmektedir. Mikro-gabro porfir tiirii kayalarda kuvars
minerali gbzlenmez ve piroksen mineralleri biraz daha baskidir. Diyorit porfirlerde magma
homojen karigimini isaret eden dokusal 6zellikler yogun olarak gozlenmektedir. Mafik damar
kayalarinin tamami subalkali olup, toleyitik-kalkalkali (baskin olarak kalkalkali) gecis
karakteri sunarlar. Ortalama SiO> igerigi % 52-59 arasinda degisen mafik damar kayalarinin
ortalama Mg# degerleri diyorit porfirlerde 58.0, mikro-diyorit porfirlerde 61.0 ve mikro-gabro
porfirlerde 66.2’dir. Mikro-gabro porfir ve mikro-diyorit porfirlerdeki yiiksek Mg# daha
mafik bir kaynagi isaret etmektedir. Mafik damar kayalarmin tamami diisik A/CNK
oranlartyla (< 0.8) baskin metaliimindirler. Okyanus Ortas1 Sirt Granitoidlerine (ORG) gore
normalize edilen Oriimcek diyagramda; diyorit porfirlerde biiylik iyon yaricapl litofil
elementlerde (LIL) bir zenginlesme, kalicilig1 yiiksek elementlerde (HFS) ise tiiketilme goze
carpmaktadir. Mikro-diyorit porfir ve mikro-gabro porfir tiirii kayalarda ise LIL ve HFS
elementlerce tiiketilme gozlenir. Kondrit’e gore normalize edilen nadir toprak element
dagiliminda, mikro-diyorit porfir ve mikro-gabro porfirlerden farkli olarak diyorit porfirlerde
gozlenen hafif nadir toprak elementlerce zenginlesme, diyorit porfirlerin yerlesiminde kitasal
kabuk etkilesiminin izlerini yansitmaktadir. Sonug olarak, elde edilen sinirl petro-kimyasal
verilere dayanarak Giiclinkaya (Aksaray) granitoidindeki diyorit porfirlerin manto kaynakli
bir tirlinlin granitoid magmasi ile etkileserek kristallendigi soylenebilir. Ayrica, Mikro-diyorit
porfir ve mikro-gabro porfirlerin ise ana granitik kiitleyi olusturan magma odasimni daha
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derinden yeniden besleyen manto karakterli mafik iiriinler olarak bolgedeki Ust Kretase-Alt

Paleosen magmatizmasinin geg evre iiriinlerini temsil edebilecegi diisiiniilmektedir.

Anahtar Kelimeler: i¢ Anadolu Temel Birimleri (IATB), mafik damar kayalar, diyorit
porfir, mikro-diyorit porfir, mikro-gabro porfir, Giiciinkaya granitoid.

ABSTRACT

The study area is located in the east of Aksaray province in the south of Central Anatolian
Basement Units (CABU). The aim of this study reveals the petrographic and geochemical
properties of mafic vein rocks with a direction ranging between N-S and N30°-50°E/85°-89°
NW-SE within the granitoid/granodiorite-composition Giiciinkaya granitoid. Mafic vein rocks
are diorite porphyry, micro-diorite porphyry and micro-gabbro porphyry in composition as a
petrographically. Mafic vein rocks have holocrystalline hypidiomorph porphyric textural
features. Plagioclase (Anss-Ansy), biotite, amphibole and quartz form the main mineralogical
composition of the diorite porphyries. Pyroxene minerals are observed in micro-diorite
porphyries with similar mineralogical compositions. Quartz is not observed in micro-gabbro
porphyry and pyroxene minerals are slightly more dominant. Magma mixing textural features
are intensely observed in all of the diorite porphyries. All of the mafic vein rocks are sub-
alkaline and show a tholeiitic-calc-alkaline (predominantly calc-alkaline) transitional
character. Average Mg# values of mafic vein rocks with an average SiO; content between
wt%52-59 are 58.0 in diorite porphyries, 61.0 in micro-diorite porphyries and 66.2 in micro-
gabbro porphyries. High Mg# in micro-gabbro porphyry and micro-diorite porphyry indicates
a more mafic source. All of the mafic vein rocks are predominantly metalluminous with low
A/CNK ratios (< 0.8). There is an enrichment in large ion lithophile elements (LIL) and
depletion in high field strength elements (HFS) in diorite porphyries in the spider diagram
normalized to the Ocean Ridge Granitoids (ORG). Depletion LIL and HFS elements are
observed in micro-diorite porphyry and micro-gabbro porphyry type rocks. The enrichment of
light rare earth elements observed in diorite porphyries, unlike micro-diorite porphyry and
micro-gabbro porphyry, reflect the fingerprints of continental crust interaction of diorite
porphyries in the chondrite normalized rare earth element spider diagram.

In conclusion, based on the limited petro-chemical data obtained, it can be said that the diorite
porphyries in the Giiclinkaya (Aksaray) granitoid were crystallized by interacting with the
granitoid magma of a mantle-derived product. In addition, it is thought that micro-diorite
porphyry and micro-gabbro porphyry may represent the late-phase products of Upper
Cretaceous-Lower Paleocene magmatism in the region as mafic mantle products re-feeding
the magma chamber forming the main granitic mass more deeply.

Keywords: Central Anatolia Basement Unit (CABU), mafic vein rocks, diorite porphyry,
micro-diorite porphyry and micro-gabbro porphyry Giiclinkaya granitoid.
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GIRIS

Granitik kiitlelerin kristallenme veya kristallenme sonrasi siire¢lerinde uygun fiziko-kimyasal
kosullar olustugunda pliitonlar mafik ve/veya felsik damar kayalar1 ile kesilebilirler. Bu
damar kayalarinin felsik bilesimlilerini aplit ve pegmatitler olustururken mafik olanlar ise
genel bir ifade ile mafik damar kayalar1 olustururlar. Felsik damar kayalar1 daha ¢ok magma
kristallenme siirecinin geg¢ eveleri hakkinda bilgi verirler. Mafik damar kayalar1 ise magmatik
kayalarin kimyasal ¢esitliligi, magma kristallenmesinde jeodinamik siiregler, magma
odalarinin yeniden beslenmesi ve mafik-felsik magmalarin etkilesimlerini (magma
mingling/mixing) anlamamiza yardimci olabilecek onemli bilgiler igerirler (Fernandez ve
Barbarin, 1991; Barbarin ve Didier, 1992; Wiebe ve dig., 2004; Barbarin, 2005;. Mafik damar
kayalar1 magma odasinin reolojik 6zelliklerine ve mafik magmanin hacmine bagli olarak
farkli sekillerde etkilesime girebilirler (Jayananda ve dig., 2009). Ozellikle granitik
magmalarin yerlesimleri esnasinda mafik magma enjeksiyonlar1 bazen ana magmatik kiitlenin
jeokimyasal ve dokusal dzelliklerini etkiler. Ozellikle felsik-mafik magma karisim siirecleri
sozkonusu ise karigim silirecine mafik bilesen olarak katilan ug iiyelerin tahmininde mafik
damar kayalar1 onemli bilgiler igeirler. Son yillarda farkli karakterdeki (kalkalkaliden
potassige kadar degisen) pliitonlarin petrojenetik karakterleri incelenirken, iliskili olduklar
mafik sinpliitonik dayklara da odaklamilmistir (Frost ve Mahood, 1987; Harrison ve dig.,
1990; Castro et al. 1990; Ghani, 1998; Barbarin, 2005, Jayananda ve dig., 2009; Kumar,
2020).

Bu calismada i¢ Anadolu Temel Birimleri (IATB) giineyinde yer alan Aksaray ili
dogusundaki Giiciinkaya granitoidleri (Giillii, 2003; Giillii ve Yildiz, 2012) i¢erisindeki mafik
dayklarin petrografik ve jeokimyasal Ozelliklerinin ortaya konularak kokenlerine ve ana

granitik magma ile iliskilerine yaklasimda bulunulabilmesi amag¢lanmistir.
Geological Setting

Orta Anadolu Erken Senozoyik magmatizmasinin baskin {irlinlerini temsil eden granitoidler
topluca Orta Anadolu Granitoidleri (Gonclioglu ve dig., 1991) olarak adlandirilmaktadir. Orta
Anadolu Granitoidleri yiizeyleme alanlar1 dikkate alinarak bati, i¢ ve dogu grubu olarak {i¢
bolgeye ayrilmistir (Erler ve dig., 1991; Akiman ve dig., 1993). Giiclinkaya granitoyidleri bati
grubu granitoidleri olusturan Agacéren Intriizif Takimi’nin (Kadioglu, 1996; Kadioglu ve
Giileg, 1995; 1998 Kadioglu, 1996) giiney ucunda yiizeylemektedir (Sekil 1).
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Sekil 1. Basitlestirilmis IATB jeoloji haritas1 (Kadioglu ve dig., 2006’ dan almmustir).

Giiclinkaya Granitoyidleri, biyotit granit ve granodiyorit tiirii magmatik kayalardan
olusmaktadir. Giiclinkaya yoresinde amfibol minerallerinin artmasiyla granodiyoritik bir
bilesim sergiler. Kuvars, ortoklas, plajiyoklaz, biyotit ve amfibol minerallerinin ana bileseni
olusturdugu kayada boyutlart lem’den 25 cm’ye kadar degisen, mafik mikrograniiler
anklavlar yer almaktadir. Gabroik kayalar ile dokanak halde bulunan granitoidlerin merkezi
ve dogu kisminda boyutlar1 10 cm ile 150-200 cm arasinda degisen ve yer yer km’lerce

uzanan mafik damar kayalar1 mevcuttur (Sekil 2)
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Sekil 2. Calisma alani jeoloji haritas1 (Giillii, 2003 ten alinmistir).

Diyorit porfir, mikro-gabro porfir ve mikro-diyorit porfirden bilesimli mafik damar kayalari
yer koyu yesil-siyah renkli ve porfiro afanitik dokuludurlar. Bélgede K-G yoniindeki mafik
damar kayalarmin hemen hemen tamamini diyorit porfirler olustururken mikro-gabro porfir
ve mikro-diyorit porfir tiirii damar kayalar ise, K32°-52°D, 88°KB-GD yo6neliminde en iyi
asall1 tepe civarinda gozlenirler (Sekil 3).

MATERYAL VE METOD

Calisma kapsaminda alterasyondan etkilenmemis veya en az etkilenmis ana kaya ve onlari
kesen mafik damar kayalarindan Ornekleme yapilarak oOrneklere ait ince kesitler
hazirlanmistir. Petrografik incelemesi yapilan mafik damar kayalarindan secilen 10 adet 6rnek
ogiitillerek orneklerin ana element oksit, iz element ve nadir toprak analizleri yapilmistir.
Analizlerden bazilar1 Ankara Universitesi Yer Bilimleri Uygulama ve Arastirma Merkezinde
(YEBIM) bazilar1 da ACME analitik laboratuvarinda yaptirilmstir.
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Sekil 3. Giiclinkaya Granitoyidleri i¢erisindeki mafik damar kayalari

BULGULAR
Petrografi

Mafik damar kayalarindam diyorit porfirlerin ana bilesenlerini plajiyoklaz (Ansz-Anass),
amfibol ve biyotit olusturmaktadir. Kayada ¢ok az miktarda kuvars ve ikincil olarak gelismis
epidot, klorit mineralleri gozlenir. Yer yer korfez ve kemirilme dokusunun (Sekil 4a)
gozlendigi diyorit porfirlerde kuvars-hornblend ocellar (Sekil 4b) ve iri plajiyoklaz
fenokristalleri icinde lata bicimli kiiclik plajiyoklaz olusumlart (Sekil 4c) gibi magma
karisimina isaret eden dokusal 6zellikler gozlenmektedir.

Mikro-diyorit porfirlerde ana bilesenleri plajiyoklaz (Anss-Ansz), amfibol, olustururken ¢ok az
miktarda piroksen minerali gézlenmektedir. Kayada alterasyon siireglerinin izlerini yansitan
ikincil epidot ve klorit mineralleri gozlenmektedir. Plajiyoklaz minerallerinde sossuritlesme
nedeniyle epidot ve titanit agregalar1 gdzlenmektedir.

Mikro-gabro porfirler olduk¢a ince taneli, grimsi-koyu yesil renktedir. Plajiyoklaz (Anse-
Ansg), hornblend ve piroksen ana bileseni olusturmaktadir. Mikrokristalin porfirik dokulu

olarak gozlenen kayada piroksen mineralleri ojittir.

¥ N X o P—T— / ’:‘ / ol N X \ l]‘_pﬂium‘
Sekil 4. Diyorit porfirlerde gozlenen kuvars minerallerinde a) kemirilme, b) kuvars hornblend
ocellar ve c) iri plajiyoklaz fenokristalleri iginde gelisen lata bigimli plajiyoklaz olusumlari
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Jeokimya

Mafik damar kayalarinin jeokimyasal 6zelliklerinin belirlenebilmesi amaci ile 10 adet 6rnegin
tiim kaya jeokimyasal analizi yapilmistir. Analiz sonuglar1 Tablo 1’de verilen mafik damar
kayalarindan diyorit porfirler % 55-59, mikro-diyorit porfirler %53-54 ve mikro-gabro
porfirler ise %52-53 arasinda SiO: igerigine sahiptirler. Diger ana element oksit igerigine
bakildiginda da mikro-diyorit porfirler ile mikro-gabro porfirlerin benzer jeokimyasal igeriger
sahip oldugu goriiliirken diyorit porfirlerin daha felsik karakteri yansittig1 goriillmektedir.
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Tablo 1. Mafik damar kayalarina ait jeokimyasal analiz sonuglar1

ELEMENT

SiOo,
Al,O4
MgO
CaO
Na,O
K,0
TiO,
MnO
Cr,04
LOI
TOPLAM
Ba

Ni

Sc
Mo
Cu

Pb

Zn

Co

Cs
Ga
Hf
Nb
Rb
Sn

Sr

Ta
Th

%
%
%
%
%
%
%
%
%
%
%
%
%
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

U ppm

\Y
W
zr

Y
La

Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Diyorit porfir Mikro-diyorit porfir Mikro-gabro porfir
MDK-2 MDK-3 MDK-4 MDK-8 MDK-9 MDK-7 MDK-1 MDK-10 MDK-6 MDK-5
57.05 59.48 57.14 55.74 57.61 54.55 53.99 52.40 52.59 53.05
15.50 15.73 15.76 14.75 13.33 15.02 12.83 14.46 13.89 11.79
8.25 7.64 7.77 7.94 8.22 9.36 9.10 9.19 8.89 9.44
5.17 3.88 5.53 6.93 6.95 6.10 8.76 8.24 8.75 10.42
8.10 7.51 7.76 9.04 8.64 9.05 10.15 9.88 10.45 10.10
2.94 271 3.00 2.69 2.37 3.11 2.50 3.07 2.74 2.55
0.88 1.16 1.22 0.84 0.89 0.28 0.25 0.27 0.21 0.35
0.57 0.58 0.53 0.51 0.46 0.59 0.47 0.52 0.50 0.39
0.07 0.08 0.07 0.06 0.06 0.05 0.04 0.04 0.04 0.03
0.15 0.15 0.13 0.14 0.15 0.18 0.17 0.16 0.16 0.17
0.03 0.03 0.03 0.04 0.05 0.02 0.05 0.03 0.05 0.05
1.6 14 15 15 15 1.9 1.8 1.9 1.8 1.9
100.30  100.30  100.40 100.19  100.23 100.20 100.07  100.17  100.04  100.20
199.0 265.5 258.0 193.0 192.7 735 64.3 65.3 64.5 56.5
313 22.0 35.0 66.7 41.0 37.0 70.8 70.0 90.0 64.5
34.7 31.0 320 36.7 42.0 41.0 48.0 43.0 44.0 53.0
3.9 4.8 38 35 3.9 33 29 25 2.6 2.3
8.7 10.2 9.5 15.8 815 6.3 66.3 11.3 171 114.9
2.0 2.9 2.9 2.0 2.0 0.4 0.4 0.4 0.4 0.4
28.3 345 275 217 26.0 23.0 16.3 145 13.0 12.5
26.7 218 26.2 30.1 304 32.2 374 36.9 37.2 42.0
1.2 1.6 17 1.2 1.2 0.5 0.5 0.6 05 0.6
171 18.6 16.2 14.6 14.9 16.6 13.0 135 12.8 10.9
1.7 23 2.0 1.6 1.7 1.0 0.8 0.7 0.8 0.6
25 3.6 3.6 2.6 25 0.5 0.6 0.6 0.6 0.5
316 42.9 44.0 304 316 8.1 7.1 7.7 6.2 9.2
6.0 85 25 2.3 6.0 7.0 4.3 1.3 15 1.0
196.9 2124 186.6 158.5 168.3 191.9 141.6 150.2 134.3 123.1
0.3 0.4 0.4 0.3 0.3 0.1 0.1 0.1 0.1 0.1
34 5.0 4.9 33 33 0.3 0.2 0.2 0.2 0.2
1.2 1.8 1.8 1.2 1.2 0.1 0.1 0.1 0.1 0.1
227.3 205.0 192.5 198.0 2127 2845 2515 256.3 2405 250.0
1.2 15 0.5 0.4 1.0 1.7 0.9 0.6 0.4 0.4
49.3 65.2 57.8 46.7 46.4 25.0 20.8 19.3 211 13.1
16.5 18.8 144 145 15.6 16.3 14.1 12.6 133 10.6
8.2 119 114 8.1 8.1 13 12 0.9 1.2 0.7
19.1 27.3 25.8 18.6 19.1 43 3.9 31 35 2.8
1.9 2.6 2.4 1.9 1.8 0.6 0.5 0.5 05 0.3
8.0 10.8 9.2 7.5 7.7 4.0 3.4 2.8 88 1.9
2.0 2.6 22 1.9 1.9 14 12 11 1.2 0.9
0.65 0.80 0.61 0.57 0.61 0.56 0.46 0.40 0.44 0.31
2.50 2.97 241 2.26 2.29 212 1.79 1.66 1.76 1.25
0.41 0.47 0.38 0.37 0.38 0.39 0.33 0.31 0.33 0.25
2.77 3.17 2.46 2.50 2.53 2.68 2.30 2.12 2.27 1.62
0.60 0.69 0.51 0.52 0.58 0.61 0.53 0.46 0.49 0.40
1.68 1.88 1.47 1.48 1.60 1.70 1.48 1.34 1.39 1.17
0.27 0.31 0.24 0.24 0.26 0.27 0.24 0.21 0.23 0.18
1.69 1.91 1.50 1.53 1.64 1.67 151 1.34 1.43 1.18
0.30 0.34 0.25 0.25 0.29 0.30 0.26 0.22 0.23 0.20

Toplam alkalilere kars1 silika diyagraminda mafik mafik damar kayalart diyorit ile

gabro/diyorit alaninda yer alirlar. Jeokimyasal adlama diyagramindaki adlamalar petrografik
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tanimlamalar1 desteklemektedir (Sekil 5a). Farkli magma kaynaklarinin ayrimi i¢in de
Na,O+K>0O’ya karst SiO2 diyagraminda kayalarin tamami sub-alkali alanda yer almaktadir
(Sekil 5a). Sub-alkali kayalarin ayrimi i¢in 6nerilen AFM diyagraminda ise hafif toleyitikten
kalkalkaliye gecisi temsil etmektedirler (Sekil 5b). Aliiminyum doygunluklar1 dikkate
alindiginda 1’den kii¢clik A/CNK oranina sahip mafik damar kayalar1 baskin olarak metaliimin
karakterlidirler (Sekil 6a).
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Sekil 5. a) Mafik damar kayalariin toplam alkali — silika adlama diyagraminda (Cox ve dig.,
1979) (alkali-subalkali ayrim ¢izgisi Irvine ve Baragar, 1971’e goredir) ve b) AFM
diyagraminda (Irvine ve Baragar, 1971) dagilimlar1

K20-Na;O diyagraminda Na sersisi karakterde (Sekil 6b) olan kayalar K>O-SiO>
diyagraminda ise diisiik K serisi toleyitik- kalkalkalen sinirinda yer almaktadirlar (Sekil 6¢).
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Sekil 6. Mafik damar kayalarinin a) A/NK-A/CNK diyagramlarinda (Maniar ve Picolli 1989),
b) Na>O’e kars1 K20 degisim diyagraminda (Middlemost, 1975) ve c¢) K2O’e kars1 SiO-
degisim diyagraminda (Rickwood, 1989) dagilimlari
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TARTISMA ve SONUCLAR

Mafik kayalarin kokenlerine yaklasimda bulunabilmek amaci ile bazi karakteristik iz
elementlere dayali diyagramlardan faydalamilmistir. Inceleme alanindaki mafik damar
kayalart Th/Yb-Ta/Yb diyagramina aktarildiginda mikro-gabro porfirlerin ve mikro-diyorit
porfirlerin toleyitik bazaltlar alaninda, diyorit porfirlerin ise kalkalkali bazaltlar alaninda yer
aldigi goriilmektedir (Sekil 7a). Mafik damar kayalarindaki Nb (0.5-3.6ppm), La (0.7-
11.9ppm) ve Y (10.6-18.8ppm) degerleri kullanilarak olusturulan La/10-Y/15-Nb/8 {iggen
diyagraminda (Cabanis ve Lecolle, 1989) mikro-gabro porfir ve mikro-diyorit porfir kayalarin
Sekil 6a’daki dagilima benzer sekilde volkanik yay toleyitleri alaninda yer aldigi diyorit
porfirlerin ise kalkalkelen bazaltlar alaninda yer aldigi gozlenmistir (Sekil 7b). Her iki
diyagramda oOzellikle diyorit porfirlerin kalkalkalen seride yer almasi, diyorit porfirleri
olusturan magmanin ana kiitleyi olusturan granitik magma ile etkilesimini yansitmaktadir.
Petrografik olarak diyorit porfirlerde gozlenen magma karistm dokular1  bunu
desteklemektedir.

Mafik damar kayalari Th/Yb-Ta/Yb tektonik ortam ayirtlama diyagraminda ise mikro-gabro
porfir ve mikro-diyorit porfirlerin levha i¢i volkanik zon alaninda diyorit porfirlerin ise aktif
kitasal kenar alaninda yer almaktadir (Sekil 7c).

10 1
Ea

[ Toleyitik
L bazaltlar

L Il

10 : T
01 0.1 1
TalYb La/10 Nb/8

Ta/Yb

Sekil 7. Caligsma alan1 mafik damar kayalarinin a) Th/Yb-Ta/Yb diyagraminda (Pearce, 1982),
b) La/10-Y/15-Nb/8 tiiggen diyagraminda (Cabanis ve Lecolle, 1989), c¢) Th/Yb-Ta/Yb
diyagramina adapte edilmis Gorton ve Schandl (2000) diyagraminda dagilimlar1 (1A: kalk-
alkali bazaltlar, 1B: 1A ve 1C alanlar1 kismen kapsar, 1C: volkanik yay toleyitleri, 2A: kitasal
bazaltlar, 2B: yayard1 havzasi bazaltlari, 3A: kita i¢i rifti alkali bazaltlari, 3B,C: E tipi
okyanus ortas1 sirt1 bazaltlar1, 3D: N tipi okyanus ortasi sirt1 bazaltlar; OA: okyanusal yay,
ACM: aktif kita kenari, WPVZ: levha i¢i volkanik zon, WPB: levha i¢i bazaltlar)

ORG’ye normalize edilen iz element dagilim desenine bakildiginda diyorit porfirlerin, mikro-
diyorit porfirler ve mikro-gabro porfirlere benzer ancak biraz daha zenginlesmis iz element
deseni sunduklar1 gozlenir (Sekil 8a). Diyorit porfirlerdeki 6zellikle Rb ve Ba zenginlesmesi
kitasal kabukla kirlenmenin sonucu olabilecegi gibi ana granitoid magmasiyla homojen
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karisimi1 da yansitabilecegi diisiiniilmektedir. Toleyitik/kalkalkalen gecisli karakter sunan
mafik damar kayalarindaki belirgin negatif Nb anomalisi de kismen kitasal kirlenmeyi isaret
etmektedir (Bas ve Terzioglu, 1986).

Kondite normalize edilen nadir toprak element dagilim desenlerin de diyorit-porfirlerdeki
hafif nadir toprak elementlerindeki zenginlesme kitasal kabuk ve/veya granitik ana kiitle ile
etkilesimi isaret etmektedir (Sekil 8b). Bunun disinda tiim mafik damar kayalarinda gbzlenen
yataya yakin degisimler tiiketilmis list manto kaynagina isaret etmektedir (Wilson, 1989).
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Sekil 8. Mafik damar kayalarinin a) ORG’ye gére normalize edilen iz element dagilim ve b)

Kondrit’e normalize edilen nadir toprak element dagilim desenler (ORG degerleri Pearce ve

dig.. 1984: Kondrit degerleri Evensen ve dig., 1978’e goredir).

Calismadan elde edilen sinirl petro-kimyasal veri 1s181nda Giicilinkaya (Aksaray) granitoidi
icerisindeki mafik dayklarin kokensel olarak tiiketilmis {ist manto malzemesine benzer bir
kaynaktan tliredigi diisliniilmektedir. Granitoid magmasint yeniden besleyen bu iist manto
malzemesinin bir kismi granitoid magmasi ile etkilesime girerek (magma mixing?)
kalkalkalen karakterli hibrit bir karigim {irlinii olacaktir. Ana felsik magmadan daha mafik
olan bu hibrit malzeme felsik magmanin kristallenmeye yiiz tuttugu anda gelisen erken evre
kiriklar1 igerisine enjekte olarak sin-pliitonik dayklari olusturabilecektir (Fernandez ve
Barbarin, 1991). Gerek arazi gerekse petrolojik verilerle karigim tiriinleri karakterini yansitan
diyorit porfirler sin-pliitonik dayklar1 temsil etmektedir.
derinden besleyen ve

Granitik magma odasint daha

onlarla etkilesime girmeden kristallenme siirecini heniiz
tamamlamig/tamamlamakta olan granitik kiitle icerindeki ge¢ evre kiriklarina enjekte olan
mafik magma da bolgedeki mikro-diyorit porfir ve mikro-gabro porfir tiirii damar kayalarini

olusturmus olabilir.

Oncel ve smirl veri setleriyle, granitoid kiitlelerindeki mafik dayklarin kokeni sorunsalina
Giiclinkaya (Aksaray) granitoidi 0rnegi ile yaklasimda bulunmayi amaclayan bu c¢alisma
sonuglarinin, izotop ve radyometrik yas verileriyle desteklenmesi mafik damar kayalarinin

kokenleri ile ilgili daha kesin veriler saglayabilecektir.
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ABSTRACT

The subject of machine learning is a popular research topic, as evident from numerous
ongoing research projects. This topic has become the center of most recent research activities
and has been applied in several disciplines, where the classification of sound signals is one of
these domains. In the sound signal classification, the precision of the process improves for
signals, where the signal to noise ratio is high. Thus, multiple methods exist for extracting
features from acoustic signals containing various sources and measured by several
microphones. Consequently, the accuracy of source detection process improves, by training
neural networks with these features.

This paper aims to investigate the performance of different sound source classification
algorithms via neural network approach. The clean acoustic source signals are passed through
a pre-trained neural network, which are obtained by using the proposed method for detecting
and classifying sounds in a noisy environment. The mixed acoustic signals, which contain
multiple sound signal components are passed through the trained neural network without any
pre-processing. Thus, methods for noise reduction and source separation, such as Empirical
Mode Decomposition (EMD) and Principal Component Analysis (PCA) are utilized. The
Independent Component Analysis (ICA) technique, which is typically applied to
electroencephalography (EEG) or electrocardiogram (ECG) signals, are also studied in order
to separate the sound sources contained in a noise-cleaned acoustic signal. As a result of the
study, it is determined that PCA and ICA are more applicable. Furthermore, the performance
of time-frequency domain investigation is found to be superior when compared to time
domain analysis. The obtained sound sources are classified using the pre-trained YAMNET
network, and the results' accuracy is determined. Finally, it is observed that when the same
acoustic signal is classified without the proposed methods, only the dominant sound is found
to be classifiable.

Keywords: Classification, PCA, ICA, Source Separation, Noise Reduction.
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OZET

Makine 6grenmesi, bu konuda yiiriitiilen giincel arastirma projelerinin sayisindan da
anlasilacagi {lizere, popiiler bir arastirma konusudur. Giincel arastirma faaliyetlerinin merkezi
haline gelen makina 6grenmesi konusu, ses sinyallerinin siniflandirilmasinin da iginde oldugu
pek cok disipline uygulanmaktadir. Ses sinyali siniflandirmasinda, sinyal/giiriiltii oraninin
yiiksek oldugu durumlarda, islemin basarist ve kesinligi artmaktadir. Bu nedenle, gesitli
kaynaklar1 iceren ve birden fazla mikrofon tarafindan Olgiilen akustik sinyallerin
Ozniteliklerinin ¢ikarilmasi i¢in birgok yontem gelistirilmistir. Sonug olarak, sinir aglar1 bu

ozniteliklerle egitilerek kaynak bulma igleminin dogrulugu artirilabilmektedir.

Bu calismada, yapay sinir ag1 yaklasimi araciligiyla farkli ses kaynagi simiflandirma
algoritmalarinin performanslarinin arastirilmasi amaglanmaktadir. Bu amagla akustik
kaynaklardan yayilan temiz ses sinyalleri, giiriiltiilii bir ortamdaki sesleri algilamak ve
siniflandirmak icin ¢alisma kapsaminda Onerilen yontem ile onceden egitilmis bir sinir
agindan gecirilmistir. Birden fazla ses sinyali bileseni iceren karigik akustik sinyaller ise
herhangi bir 6n isleme tabi tutulmadan egitilmis sinir agindan gegcirilmistir. Calisma
kapsaminda, Ampirik Mod Ayristirma (EMD) ve Temel Bilesen Analizi (PCA) gibi giiriiltii
azaltma ve kaynak ayirma yontemleri kullanilmistir. Ayrica, genellikle elektroensefalografi
(EEG) veya elektrokardiyogram (EKG) sinyallerine uygulanan Bagimsiz Bilesen Analizi
(ICA) teknigi de, giiriiltiden arindirilmis bir akustik sinyalde bulunan ses kaynaklarini
ayirmak icin uygulanmistir. Calisma sonucunda PCA ve ICA yaklasimlarinin daha
uygulanabilir oldugu belirlenmistir.  Ayrica, sinyallerin zaman-frekans tabaninda
incelenmesinin, sadece zaman tabani analizine kiyasla daha {istiin bir performans sergiledigi
gorilmistir. Elde edilen ses kaynaklar1 onceden egitilmis YAMNET ag1 kullanilarak
smiflandirilmis ve sonuglarin dogrulugu tespit edilmistir. Son olarak, ayni akustik sinyal
onerilen yontemler olmaksizin smiflandirildiginda, sadece baskin sesin siniflandirilabilir

oldugu goriilmiistiir.

Anahtar Kelimeler: Siniflandirma, PCA, ICA, Kaynak Ayrimi, Giiriiltii Indirgeme.

INTRODUCTION

Currently, machine learning applications is a major area of research in many fields, and the
sound signal classification is an important application field of the machine learning. When the
signal-to-noise ratio is high, which is a key factor on the determination of audio signal
identification efficiency, detectability is improved. This can be accomplished through the use
of techniques that reduce noise. According to a study on noise reduction, Empirical Mode
Decomposition (EMD) is found to be a more effective approach than Wavelet Transform and
Total Variation for the processing of heart sound signals [1]. Additionally, in a different study

Proceedings Book 41 . www.aegeanconference.com




INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

Principal Components Analysis (PCA) was used to reduce noise to analyze separated single-
lead electrocardiograms (ECG) [2].

In the case that the gathered sound signals include more than one sound source and reflection,
a case that is referred to as the “cocktail problem” emerges. The “cocktail problem” is
encountered frequently in the research literature, and a variety of methods are utilized in order
to reach conclusions. Independent Component Analysis (ICA) is a technique that has been
applied in numerous studies related to “cocktail problem”, either in time domain or time-
frequency domain. Ikeda and Murata suggest that transforming the received signal from time
domain to time-frequency domain, and implementing the ICA method leads to a more
efficient source separation result [3]. In another study, ICA was successfully implemented for
the purpose of analyzing EEG signals in time-frequency domain [4]. Finally, a study that
proposes a different technique by combining ICA in time and frequency domains can be given
as an example of ICA applications [5].

Artificial neural networks play a significant role in classification. Using testing, validation,
and training datasets, these artificial neural networks can be trained. Furthermore, the
classification result’s accuracy is also directly proportional to the size of the dataset. YAMNet
can be given as an example of an artificial neural network. YAMNet is a neural network that
has been pre-trained with the MobileNetV1 deep detachable convolution architecture. It is
capable of using an audio waveform as input and making independent predictions for each of
the 521 audio events in the AudioSet corpus [6].

In this article, a noisy environment is simulated by mixing the sound source signals with a
random matrix structure. First, these mixed signals are whitened with PCA, then ICAiIs
applied. The processed signals are then compared in time domain and time-frequency domain.
The parsed signals and mixed signals are classified in the pre-trained Y AMNet network and
the classification results are given.

METHODS

To decrease the number of dimensions from a numerical measurement of several variables,
PCA and ICA are techniques that are frequently used in multivariate statistical analysis. These
techniques aim to simplify a statistical problem with the least amount of information lost
through this dimensional reduction. These techniques are also employed in signal processing
to separate a linear combination of signals produced by statistically independent sources.

Principal Component Analysis (PCA)

Principal Component Analysis (PCA), is a linear transformation technique. It is mainly
utilized for dimension reduction and compression, and has applications in data analysis,
finance, and bioengineering.
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Using the potential correlation between features, PCA identifies patterns in the data. It
identifies the vector with the highest variance in a high-dimensional dataset and then uses it to
create a set of orthogonal vectors with the next highest variance. This new subspace has the
same or fewer dimensions than the original. The algorithm allows the user to define the
number of applied vectors. The first vector in the subspace can be thought of as the most
“principal” component, and the following vectors of that as the next-most “principal”.

The PCA algorithm can be summarized in the following steps:

e The covariance matrix of the n-dimensional dataset X is constructed.

e The covariance matrix’s eigen-decomposition is found.

e The k number of eigenvectors that correspond to the first largest k eigenvalues are
selected, where k is defined as the new dimensionality of the transformed dataset (k <
n).

e A projection matrix W from the first k eigenvectors is constructed.

e The n-dimensional input dataset X is transformed using the projection matrix W to
obtain the new transformation.

Independent Component Analysis (ICA)

Independent component analysis (ICA) is a computational and statistical method for
identifying hidden factors underlying random variables, measurements, or signals. Though, it
usually is not proper to feed the mixed signals directly to the ICA. To obtain the most
accurate estimate of the independent components, it is recommended to pre-process the data.
Following is a detailed explanation of the two most important pre-processing techniques.

o Centering
This is a straightforward subtraction of the mean from the input value X.
Consequently, the centered mixed signals have a zero mean, which implies that
input source signals also have zero mean.
. Whitening
Whitening is the second pre-processing step for the signal X. The aim here is to
linearly transform X so that any possible correlations between the signals are
eliminated and their variances are equal to unity.

The other steps of ICA can be summarized in the following steps:

o Weight Matrix Update

o Decorrelation
° Normalization
o Convergence Check

These steps will be repeated until Weight Matrix converge.
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SIMULATION RESULTS

Three different, 5-second-long sound source files that are sampled at 44100 Hz are used to
simulate the proposed methods. The sound source files include dog barking, rain sound, and
traffic noise. Those signals are mixed by multiplying them with a random matrix. In addition,
the mixed signals are normalized. The original signals and the obtained normalized mixed
signals are depicted in Figures 1 and 2.

DOG BARKING SOUND

LS S .

RAINING SOUND

Figure 1 Original Signals

MIXED SIGNAL-1
! T

MIXED SIGNAL-2

MIXED SIGNAL-3
T

1 1 1 1 1 1 1 L 1
2 5 3 4 5

Figure 2 Mixed Signals
Results of Time Domain

First, a whitening process is pplied to the mixed signals by applying PCA in time domain.
Second, the source signals components are separated using the FastICA algorithm. The results
are given in Figures 3 and 4 along with their spectrograms.

Y
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Figure 3 Obtained Signals in Time Domain
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Figure 4 Spectrograms of Obtained Signals in Time Domain
Results of Time-Frequency Domain

As opposed to time domain investigation, the process in time-frequency domain is started by
windowing and application of short-time Fourier transform in the 0.1-20 kHz frequency band.
Subsequently, the input signal in time-frequency domain is spatially whitened with PCA
dimension reduction. Finally, the signal is run through the complex-valued FastICA
algorithm. The results are shown in Figures 5 and 6 along with their spectrograms.

L
Proceedings Book 45 i www.aegeanconference.com



INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

Figure 5 Obtained Signals in Time-Frequency Domain
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Figure 6 Spectrograms of Obtained Signals in Time-Frequency Domain
Results of Classification

To evaluate the results of classification, signals are processed 100 times through the following
steps:

e Mixed signals are obtained using a new random mixing matrix.

e The time-domain algorithm is implemented.

e Time-frequency domain conversion is applied.

e Each of the output data (mixed, time domain, and time-frequency domain) is pre-

processed and classified using YAMNet.

Based on the classification results of the mixed signals, it is observed that the generated
mixed signals of dog, rain, and traffic sounds are classified as 64% vehicle, 32% toot, and 4%
animal sound, respectively. Second, an accuracy of 88% is achieved for the category names
dog, water, and vehicle, when the data obtained from processing in the time domain are
classified. Finally, it is observed that the classification of the data obtained as a result of

L
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processing in time-frequency domain yields to an accuracy of 100% for the dog, water, and
vehicle category names.

CONCLUSION AND DISCUSSION

In this study, three different signals are combined to simulate a noisy environment.
Afterwards, these mixed signals are processed through noise reduction techniques. These
processed signals are then run through the FastICA algorithm in time domain and the
complex-valued FastICA algorithm in time-frequency domain. These signals are the output of
the algorithms executed on the pre-trained YAMNet neural network, and the classification
results are obtained.

Analyzing these results reveals that working in time-frequency domain is superior to working
in time domain. Examining the results of time and time-frequency domain investigations
reveals that traffic sounds can be easily distinguished in both domains. Though, the precision
of the classification is higher in time-frequency domain. In addition, although the number of
iterations plays a role in the algorithms’ processing time, the processing time in time domain
is shorter than in time-frequency domain. However, processing time will be reduced if the
frequency band can be tailored to the sounds that are desired to be detected.

These algorithms can be evaluated with actual environmental data in future research. In
addition, a new neural network for classification can be obtained by classifying the desired
signals using transfer learning.
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FUTURE PASSENGER NEEDS IN INTERIORS AND ITS IMPACT ON AUTONOMOUS
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OZET

Teknolojinin hizla ilerlemesinin otomotiv sektoriine etkisinin en ¢ok otonom araglara
yansidig1 gorilmektedir. Siiriicli ve yolcu ergonomisi de gz oniine alindiginda otomotiv i¢
mekan tasarimimin detayli incelenmesi ve bu alana yogunlasilmasi gerekliligi ortaya
cikmaktadir. Yapilan calismalar ve sonuglari incelendiginde aslinda otonom arag¢ denildiginde
cogu caligmanin ¢ok yliksek teknolojiler iceren ve uygulandiginda ¢ok yiliksek maliyetleri
olacak ara¢ tasarimlari iizerine oldugu goriilmektedir. Bu nedenle gelecekteki potansiyel
otonom ara¢ kullanicilarinin i¢ mekan beklentilerini anlamaya yonelik bir aragtirma yapmak
amaclandi. Arastirmanin ilk adimi olarak belirlenen hedeflere yonelik cesitli sorular igeren bir
anket ¢alismasi olusturuldu. Anket calismasinda en verimli sonucu almak adina bir arastirma
yapildi ve anket tiirii secildi. Konuyu hi¢ bilmeyen insanlara bile fikir olusturmasi adina

tarafimizca tasarlanan gorseller eklenerek anket tamamlandi.

Bu aragtirmada Amerika, Asya, Avrupa gibi farkli pazarlarin beklentilerini anlamak
hedeflenildigi i¢in anket ilgili iilkelerin yerel dillerine ¢evrilerek 25 farkl iilkeye ulastirildi.
Toplamda 7053 yanita ulasarak hedeflenen genis arastirmaya ulasiimis oldu. Ulkelerden gelen
sonuglar, pazarlara gore siniflandirilmanin yani sira, yas, cinsiyet gibi demografik 6zelliklere
gore de filtrelenerek analiz edildi. Farkli kullanim aligkanliklarina sahip insanlardan alinan
sonuglara gore, arag i¢ mekanlariin nasil kullanilmak istendigi, ergonomik anlamda
beklentileri, ayirabilecekleri biitceleri, gilivenlik ve hijyen i¢in neye ihtiyag duyduklari
yorumlanmistir. Boylece, otonom araglarin i¢ tasarimiyla ilgili gercekci beklentilerin ne
oldugunu analiz edilmistir. Bu arastirmadan ¢ikarilan sonuclarin sektdrdeki i¢ tasarima baglh

caligmalara yon vermesi amaglanmaktadir.

Son olarak otonom araglarla ilgili otomotiv sektdriindeki beklentinin ne oldugunu anlamak ve
sektorden olmayan insanlarin beklentileri ile karsilastirmak amaciyla anket farkli bir formata
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gecirildi. Bu format1 sirketin tiim ofislerindeki calisanlarina ulastirmak ve arastirmayi bu
yonde zenginlestirmek hedeflenmektedir.

Anahtar Kelimeler: Otonom Arag, i¢ Mekan, Yiiksek Teknoloji

ABSTRACT

It was seen that the effect of the rapid advancement of technology on the automotive sector
was mostly on the studies on autonomous vehicles. In this sense, various researches were
carried out in order to contribute to these studies and it was observed that there were few
studies on automotive interiors. When the studies and their results were examined, it was
observed that most of the studies on autonomous vehicles are on vehicle designs that contain
very high technologies and will have very high costs when applied. For this reason, it was
aimed to conduct a research to understand what the interior expectations of potential future
autonomous vehicle users are. As the first step of the research, a questionnaire study
containing various questions was created. In order to get the most efficient result in the survey
study, a research was conducted and the survey type was selected. The survey was completed
by adding visuals designed by us in order to create an idea even for people who do not know
the subject at all.

Since it was aimed to understand the expectations of different markets such as America, Asia
and Europe in this research, the survey was translated into the local languages of the relevant
countries and delivered to 25 different countries. In total, 7053 responses were received and
the targeted broad research was achieved. In addition to being classified according to markets,
the results from the countries were also filtered and analysed according to demographic
characteristics such as age and gender. According to the results received from people with
different usage habits, how they want to use vehicle interiors, their expectations in terms of
ergonomics, the budgets they can allocate, what they need for safety and hygiene, and what
realistic expectations about the interior design of autonomous vehicles were analysed. It is
aimed that the results of this research will guide the studies related to interior design in the
sector.

Finally, the questionnaire was changed to a different format in order to understand what the
expectations in the automotive sector are regarding autonomous vehicles and to compare them
with the expectations of people who are not from the sector. It is aimed to deliver this format
to employees in all offices of the company and to enrich the research in this direction.

Keywords: Autonomous Vehicle, Interior, High Technology

Proceedings Book 49 . www.aegeanconference.com




INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

ARI ALGORITMASI KULLANILARAK ONDEN DUMENLEMELI BiR ARACIN
DUMENLEME MEKANIZMASININ OPTIMiZASYONU
OPTIMIZATION OF THE STEERING LINKAGE OF A FRONT-WHEEL-STEERING
VEHICLE BY USING THE BEES ALGORITHM

Abdullah ERDEMIR
MPG Makine Prodiiksiyon Grubu Makine Iml. San. ve Tic. A.S., Konya/TURKIYE
MPG Machinery Production Group Inc. Co., Konya/TURKIYE
ORCID NO: 0000-0002-7267-3111

Veysel ALVER
MPG Makine Prodiiksiyon Grubu Makine Iml. San. ve Tic. A.S., Konya/TURKIYE
MPG Machinery Production Group Inc. Co., Konya/TURKIYE
ORCID NO: 0000-0002-7917-8295

Mete KALYONCU
Prof. Dr., Konya Teknik U., Miih. ve Doga Bil. Fakiiltesi, Makina Miih. Boliimii, Konya/TURKIYE
Prof. Dr. Konya Technical U., Faculty of Eng. and Natural Sci., Dep. of Mech. Eng., Konya/TURKIYE
ORCID NO: 0000-0002-2214-7631

OZET

Bu caligmada, onden diimenlemeli bir aracin diimenleme mekanizmasinin Ar1 Algoritmasi
kullanilarak optimizasyonu gergeklestirilmistir. Burada diimenleme mekanizmasi olarak dort
cubuk mekanizmasi kullanilmistir. Diimenleme agilar1 dort cubuk mekanizmasinin kinematik
analizinden hesaplanmistir. Genellikle araglarin diimenleme mekanizmalari Ackerman
geometrisi kullanilarak tasarlanmaktadir. Ackerman geometrisi, farkli yarigaplarin g¢evrelerini
takip etmeye ihtiya¢ duyan bir doniisiin i¢cindeki ve disindaki tekerleklerin problemini ¢6zmek
icin tasarlanmis diimenleme mekanizmasinin geometrik diizenlemesidir. Ackerman
geometrisinin amaci, doniis sirasinda bir egri etrafindaki yolu takip ederken, lastiklerin
yanlara kaymasini ve ilave yanal yliklerin gelmesini dnlemektir. Bunun geometrik ¢oziimii,
tim tekerleklerin akslarinin ortak bir merkez noktaya sahip daire yarigcaplart olarak
diizenlenmesidir. Ancak, aracin donmesi sirasinda Ackerman kurali olarak bilinen ideal
kuralin saglanacagi her zaman garanti edilemez. Bu nedenle, boyutsal sentez, her iki
diimenleme tekerinin ara¢ donerken Ackerman kuralina miimkiin oldugunca uymasi i¢in sahip
olmas1 gereken diimenleme mekanizmasi boyutlarini belirlemeyi amaglayan optimizasyon
yoluyla yapilmistir. Bu ¢alismada, Ackerman kurali ve dort cubuk mekanizmasi kinematik
analizi ile elde edilen diimenleme agilar1 arasindaki hatayr en aza indirmek igin Ari
Algoritmast kullanilmistir. Optimizasyon sonucu elde edilen sonuglar, Ackerman hatasini
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azaltmig ve diimenleme mekanizmasi boyutlarinda iyilestirme yapilabilecegini gdstermis ve
grafikler halinde sunulmustur.

Anahtar Kelimeler: Ar1 Algoritmasi, diimenleme mekanizmasi, Ackerman kurali, boyutsal
sentez, optimizasyon

ABSTRACT

In this study, the steering linkage of a front-wheel-steering vehicle was optimized using the
Bee Algorithm. Here, a four-bar linkage is used as the steering linkage. Steering angles were
calculated from the kinematic analysis of the four-bar linkage. Generally, steering linkages of
vehicles are designed using Ackerman geometry. Ackerman geometry is the geometric
arrangement of the steering linkage designed to solve the problem of wheels inside and
outside of a turn that need to follow the circumferences of different radii. The purpose of
Ackerman geometry is to prevent the tires from slipping sideways and causing additional
lateral loads when following the path around a curve during a turn. The geometric solution to
this is that the axles of all wheels are arranged as radii of circles with a common center point.
However, it is not always guaranteed that the ideal rule, known as the Ackerman rule, will be
met during vehicle rotation. Therefore, the dimensional synthesis has been done through
optimization aiming to determine the steering linkage dimensions that both steering wheels
must obey the Ackerman rule as much as possible while the vehicle is turning. In this study,
the Bee Algorithm was used to minimize the error between the steering angles obtained by the
Ackerman rule and the four-bar linkage kinematic analysis. The results obtained as a result of
the optimization reduced the Ackerman error and showed that the dimensions of the steering
linkage could be improved and presented in graphics.

Keywords: The Bees Algorithm, Steering linkage, Ackerman’s rule, dimensional synthesis,
optimization

1. GIRIS

Uzun yillardan beri bilgisayar teknolojilerinin gelismesiyle ¢ok wuzuvlu karmagik
mekanizmalarin boyut sentezi problemleri ¢ok gozde bir konu olmustur [1]. Araglarin
yonlendirilmesi i¢in kullanilan sistemler ise genellikle c¢ok uzuvlu mekanizmalardir.
Mekanizmalarin karmasiklasmasi ile beraber dogrudan analitik ¢oziim elde edilmesi zor
oldugundan cesitli sayisal ve optimizasyon yontemleri kullanilarak analiz ve tasarimlar
gerceklestirilir. Boyutlandirmas: uygun olmayan c¢ok uzuvlu mekanizmalarin kullanimi
sonucunda araglarda, Ackerman hatasi olusur ve bu da lastiklerin aginmasina ve araca ilave
yanal zorlamalarin gelmesine sebep olur [2]. Bu durum, aym1 zamanda aracin istenen

yorlingede manevra yapamamasina ve manevra esnasinda titresimlerin olusmasina yol
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acmaktadir. Cok uzuvlu mekanizmalarda, istenilen yoriingenin takip edilebilmesi igin,
Ackerman hatasini minimize eden uzuv boyutlarinin belirlenmesi gerekir. Bu calismada
konuda bilim insanlarmi yapmis oldugu ¢ok sayida calisma vardir [3-16]. Bu calismada,
Ackerman hatasinin minimum yapacak sekilde dort ¢ubuk mekanizmasi olarak tasarlanan
dimenleme mekanizmasinin  sentezi  gerceklestirilmistir. Mekanizma  boyutlarinin
optimizasyonunda bir¢ok optimizasyon probleminde kullanilan Ar1 Algoritmasi [17-30]

kullanilmistir.
2. ACKERMAN GEOMETRISI

Bu ¢alismada kullanilan sola donen 6nden diimenlemeli bir arag Sekil 1’de goriilmektedir.
Ara¢ ¢ok yavas hareket ettiginde, i¢ ve dis tekerlekleri iligkilendiren ve bunlarin kaymadan
donmesini saglayan bir kinematik durum s6z konusudur. Her lastik diizleminin merkezine
giden normal dogru ortak bir noktada kesismeli ve sifir hizda kaymadan doniis saglamak i¢in
biri hari¢ tiim akslar yonlendirilebilir olmalidir [2]. Bu geometrik iliski Ackerman kurali
olarak adlandirilir ve Sekil 1°de ifade edilmistir.

cotd, — coto; = (w/l) 1)

Denklem 1°de, w; yonlendirilebilir tekerleklerin yonlendirme eksenleri arasindaki iz mesafesi,
I; 6n ve arka dingil arasindaki dingil mesafesi, 6i; i¢ tekerlegin diimenleme agis1 ve &0 dis
tekerlegin diimenleme agisidir.

R,

>
i

A

Sekil 1. Onden diimenlemeli bir arag [2] ve Ackerman geometrisi

3. DORT CUBUK MEKANIZMASI KONUM ANALIZi

Araglarin  mekanik aksamlarinda o6zellikle diimenleme mekanizmalarinda kullanilan

mekanizmalarin ¢ogu dort cubuk mekanizmalaridir. Bu mekanizma, Sekil 2°de goriilmektedir.

Bu mekanizmada, 1 nolu uzuv (ﬁ), tiim agilarin ve degiskenlerin Olgiilecegi referans uzuv
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olarak kullanilir. 2 nolu uzuv (E), giris uzvu olarak adlandirilir ve 02 giris agis1 tarafindan
kontrol edilir. 4 nolu uzuv (Eﬁ), ¢ikis uzvu olarak adlandirilir ve konumu, 04 ¢ikis agisinin bir
fonksiyonu olarak tanimlanir. 3 nolu uzuv (Zﬁ), 2 ve 4 nolu uzuvlar baglayan uzuv olup 63

acisal konumu ile tanimlanir. Cikis uzvunun agisal konumu 04, uzuvlarin uzunluklarinin ve 0,

giris konumunun bir fonksiyonudur. 04 agis1 asagidaki denklemler kullanilarak hesaplanabilir.

1

Sekil 2. Dort cubuk mekanizmasi

0, = 2arctan|[(—B+VB? — 4AC) /2] (2)
Denklem 2’deki A, B ve C Denklem 3’te gosterilmistir.

A=27;—7Z,+ (1 —2Z,)cos0,,B =—2sinb,,C =2, +Z3— (1+ Z,)cosb, 3)

Dort ¢ubuk mekanizmasmin vektdr poligonundan asagidaki denklemleri tanimlamak
mimkiindiir.

Z,=d/a,Z, =d/c,Z3 = (a®> — b? + c¢? + d?)/2ac (4)
Denklem 4’te a; 2 nolu uzvun uzunlugu, b; 3 nolu uzvun uzunlugu, c¢; 4 nolu uzvun uzunlugu
ve d; 1 nolu uzvun uzunlugudur. Bu denklemlerden dort ¢ubuk mekanizmasinin uzuv
uzunluklar bilindigi siirece, giris acisina bagh olarak diger uzuv acilarini ve ¢ikis agisini
hesaplamak miimkiindiir.

Z,cos0, — Z,cos0, + Z, = cos(6, — 6,) (5)

Dort ¢ubuk mekanizmasmma ait bu denklemlerin diimenleme mekanizmasi olarak
kullanilabilmesi i¢in mekanizmalarin birbirlerine gore uyarlanmasi gerekir. Sekil 3’te dort

cubuk mekanizmasinin diimenleme mekanizmasi olarak uyarlanmasi goriilmektedir.

w=d

e AR
— \ ¢ a=c fifi ‘7‘

ST HHEHH // a

4) \ b Z’B:: \é
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Sekil 3. Dort gubuk mekanizmasinin diimenleme mekanizmasi olarak uyarlanmasi
Bu degerlendirmelerden sonra tekerleklerin diimenleme acilar1 B, 62 ve 64’lin bir fonksiyonu
olarak hesaplanabilir.
8; =90°-6, - (6)
8, =90°—0,+B (7)
Denklem 6 ve 7’de, di; i¢ tekerlegin diimenleme agisi ve do; dis tekerlegin diimenleme
acisidir. Sekil 3°teki b boyutu ise d, B ve a’nin bir fonksiyonu olarak asagidaki gibidir:
b =d — 2asinf (8)

4. ARI ALGORITMASI

Bu boliimde, temel Ari Algoritmasi agiklanmistir. Arilarin kaynak (nektar, su vb.) arama
davranislari, 6grenme, hatirlama ve bilgi paylasma ozellikleri siirii zekasinin en ilgi g¢ekici
arastirma alanlarindan birisidir. Ar1 Algoritmasi [17-30], ilk olarak 2006 yilinda D.T. Pham
ve arkadaglar1 tarafindan onerilmis olup, bal arilarinin kaynak arama davranisini taklit eden
poplilasyon tabanli, sezgisel bir arama algoritmasidir. Ar1 Algoritmasina ait akis semast Sekil
4 °de verilmistir.

| 1. n adet kasif ar1y1 aragtirma uzayina rastgele yerlestir |

o | 2. Kasif arilarca ziyaret edilen noktalarin uygunlugunu
> degerlendir

3. En iyi uygunluk degerine sahip bolgeleri (m)
komguluk aramasi igin se¢

v

|
- |
& I
E [
<
5 |
_; 4. ‘“Takipei Arilar1’ secilen bolgelere gonder :
= 1
v
£ |
S |
M 1

(elit bolgelere daha ¢ok ar1)

i

| 5. Her bolgedeki en iyi ariy1 seg |

| 6. Secilen arilarin haricindeki bolgelerden ayril |

¥

7. Popiilasyonda kalan arilart (n-m) yeni potansiyel
¢oziimler i¢in rasgele arastirma uzayina gonder

| 8. Yeni kasif ar1 popiilasyonu
]

Sekil 4. Ar1 Algoritmasi akis semast

D.T. Pham ve ark. tarafindan gelistirilen temel Ar1 Algoritmas: bir¢ok parametre
icermektedir. Bu parametreler: kasif ar1 sayisi (n), ziyaret edilen n nokta iginden secilen en
uygun bolge sayisit (m), secilen m bolge igindeki elit bolge sayisi (e), en iyi e bolgeye
gonderilen ar1 sayisi (nep), kalan (m-e) bolgeye gonderilen ar1 sayisi (nsp), bolge boyutu
(ngh) ve durdurma kriteri/iterasyon sayis1 (itr)’dir.
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Ar Algoritmast n adet kasif arinin aragtirma uzayina rastgele yerlestirilmesi ile baglar. 2.
adimda, kasif arilarca ziyaret edilen noktalarin birbirlerine gore uygunluklar1 degerlendirilir.
3. adimda, n adet bolge icerisinde digerlerine goére daha uygunluk degerine sahip m adet bolge
secilir. 4. ve 5. adimda, m adet bolge igerisinde en iyi uygunluk degerine sahip elit bolgeler
(e) ve geriye kalan bolgeler (m-e) secilir. Bu bolgelerin komsuluk arama boyutu (ngh)
belirlenir. Segilen bolgelerde komsuluk aramasi (bdlge icinde en uygun noktalarin
arastirilmasi) i¢in, daha umut verici ¢oziimleri temsil eden en iyi e bolgeye secilen diger
bolgelere gore daha fazla takipgi ar1 (nep), diger bolgelere ise daha az takip¢i ari (nsp)
gonderilerek, detayli arama yapilir. Her bolge igerisinde en uygun degere sahip ar1 segilir. 6.,
7. ve 8. adimda ise, her bolgede en uygun degere sahip ar1 haricindeki diger arilar arastirma
uzayindan ayrilir. Popiilasyondaki diger arilar (n-m) yeni potansiyel ¢éziimler elde etmek i¢in
tekrar, rastgele olarak, arastirma uzayma yerlestirilirler. Optimizasyon durdurma kriteri (itr)
saglanana kadar devam ettirilir. Her bir iterasyonun sonunda yeni popiilasyon; secilen her bir
bolgenin temsilcileri ve rastgele arama yapan kasif arilar olmak iizere iki pargadan olusur.

5. DUMENLEME MEKANIZMASININ OPTIMIZASYONU

Mekanizma sentezi, dis tekerlegin teorik olmasi gereken ve gercekte gerceklesen diimenleme
acilar1 farkin1 (8ot — Oor) sifira olabildigince yakin yapan, yani dort ¢ubuk mekanizmasi
konum analizinden elde edilen diimenleme agis1 ile Ackerman kurali tarafindan tanimlanan
acilart miimkiin oldugunca yakin yapan diimenleme mekanizmasinin boyutlarini belirlemeyi
amaclar. Bu dogrultuda optimizasyon calismalarinda amag fonksiyonu olarak hatalarin RMS
degerini veren asagidaki fonksiyon kullanilmistir:

2
Hatapys = \/%Z?=1(80Tj - 80Rj) (9)

Denklem 9’da n; dikkate alinan nokta sayisidir. n degeri 100 olarak kabul edilmistir. Bunun
anlami, amac¢ fonksiyonunda 100 farkli i¢ tekerlek diimenleme agisina karsilik gelen dis
tekerlek diimenleme agis1 hatasinin RMS degerinin bulundugudur. Yapilan optimizasyon
caligmalarinda giris olarak, Ry < 5.8 m doniis yarigapina denk gelen i¢ tekerlek diimenleme
acist kullanmilmigtir. Doniis yaricapt 0’dan 5.8 metreye ulasincaya kadar artirilarak hata
degerleri bulunmustur. Ackerman kurali i¢in i¢ agilarin ve dort gubuk mekanizmasi konum
analizinden elde edilen 02 acisinin ayni oldugu varsayilmis ve bdylece di’nin tanimlanmasi
saglanmistir. I¢ tekerlek diimenleme acisinin bilinmesi ile gerceklesen dis tekerlek
diimenleme agis1 (8,gr) denklem 7 ve Ackerman kurali i¢in olmasi gereken teorik dis tekerlek
diimenleme agist (§,1) denklem 1 yardimiyla ile hesaplanmistir. Daha sonra (SOT]- - SOR]-)

bulunmustur.

6. SAYISAL UYGULAMA
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Bu calismada sayisal uygulama ic¢in kullanilan hali hazirda ticari olarak giinliik hayatta
kullanilan bir araca ait boyutlar Tablo 1°de verilmistir. Ar1 Algoritmasinin parametreleri
Tablo 2’de gosterildigi gibi ayarlanmistir. Sekil 5 ve 6’daki kesikli ¢izgiler Ackerman
kuralina kesikli ¢izgiler ise optimizasyona gore olusturulan diimenleme mekanizmasini temsil
etmektedir. Sekil 5’e i¢ tekerlegin diimenleme acisina karsilik Ackerman kuralina ve dort
cubuk mekanizmasinin boyut optimizasyonuna gore elde edilen diimenleme mekanizmasina
ait dis tekerlek diimenleme agisinin degisimi goriilmektedir. Ackerman kuralina gore
olusturulan diimenleme mekanizmasinda i¢ tekerlek diimenleme acis1 ile dig tekerlek
diimenleme agis1 arasinda dogrusal bir iliski s6z konusu iken dort ¢ubuk mekanizmasinin
boyut optimizasyonuna gore elde edilen diimenleme mekanizmasi sonuglarina gore i¢ tekerlek
diimenleme acis1 ile dis tekerlek diimenleme acis1 arasinda dogrusal olmayan bir iliski s6z
konusudur.

Tablo 1. Sayisal uygulama i¢in kullanilan araca ait boyutlar

Aracin tekerlekler arasi iz genisligi (W =d) | 1619 mm
Aracin akslar aras1 mesafesi (I) 2939 mm

Tablo 2. Ar1 Algoritmasi parametreleri
n | mj|e/|nep | nsp | ngh itr
20 | 10 | 5| 10 7 0.01 | 1000

o 30 o o
g 25 —Optimizasyon -- Ackerman ~ ___.-
fy 2
= 8 15
=l
~ = 10
©
= wu 5
5} —
v Qa
2 0o 5
A 0 5 10 15 20 25 30 35
I¢ tekerlek diimenleme acisi [derece]
Sekil 5. D1s tekerlek diimenleme agisinin degisimi
~ 2,00 -
& —Optimizasyon = -Ackerman -
S - 150 -
= 8 ="
=25 100 -7
£ -
e 0,50 ~--___—-‘
0,00 = ==
0 5 10 15 20 25 30 35

i¢ tekerlek diimenleme acis1 [derece]

Sekil 6. Di1s tekerlek diimenleme ag¢isinin Ackerman hatasi
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Sekil 6’da ise Ackerman kuralina ve dort cubuk mekanizmasinin boyut optimizasyonuna gore
elde edilen diimenleme mekanizmasina ait Ackerman hatasinin i¢ tekerlek diimenleme agisina
gore degisimi goriilmektedir. Dort gubuk mekanizmasinin boyut optimizasyonuna gore elde
edilen diimenleme mekanizmasinda dis tekerlek diimenleme agisi hatas1 Ackerman kuralina
gore olusturulan dis tekerlek diimenleme agis1 hatasindan oldukga kiigiiktiir. Optimizasyon
sonucunda hatanin RMS degerinde 0.9742°den 0.1771’e kadar bir azalma meydana gelmistir.

Tablo 3’te optimizasyon sonucu elde edilen diimenleme mekanizmasi boyutlar verilmistir.

Tablo 3. Optimizasyon sonucu bulunan boyutlar

a=c [mm] | B[] b [mm] d [mm]
Ackerman 350 15 1437 1619

Optimizasyon 500 20 1275 1619

7. SONUC

Bu caligmada, 6nden diimenlemeli bir aracin diimenleme mekanizmasinin Ar1 Algoritmast
kullanilarak optimizasyonu gerceklestirilmistir. Burada diimenleme mekanizmasi olarak dort
cubuk mekanizmasi kullanilmistir. Dort ¢ubuk mekanizmast konum analizinden elde edilen
diimenleme acis1 ile Ackerman kurali tarafindan tanimlanan acilari miimkiin oldugunca yakin
yapan diimenleme mekanizmasinin boyutlar1 optimize edilmistir. Optimizasyon i¢in amag
fonksiyonu olarak Ackerman hatasinin RMS degeri dikkate alinmigtir. Optimizasyon sonucu
hatanin RMS degerinde 0.9742’den 0.1771’e kadar bir azalma meydana gelmistir. Bu, arag
donerken diimenleme mekanizmas1 davranisinin ideale daha yakin oldugu anlamia
gelmektedir. Ar1 Algoritmasi, verilen kisitlara gére en uygun olan degerlere yakinsamuistir.
Gergek hayata uygun boyutsal kisitlamalar dikkate alinarak istenen davranisa yakin davranis
gosteren optimum geometri bulunmustur. Bununla birlikte, kisitlamalarda farkli degisiklikler
yapmak suretiyle teorik olarak daha iyi sonuclar elde edilebilir fakat bu durumda daha kiigiik
bir hata bulunsa bile, ortaya ¢ikan mekanizma gerceklenemeyebilir. Sonug olarak; Ackerman
kural1 ve dort cubuk mekanizmasi kinematik analizi ile elde edilen diimenleme agilar
arasindaki hata Ar1 Algoritmasi kullanilarak en aza indirilmistir. Optimizasyon sonucu elde
edilen sonuglar, Ackerman hatasin1 azaltmis ve diimenleme mekanizmas1 boyutlarinda

tyilestirme yapilabilecegini géstermistir.
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KIZILOTESI NESNE ALGILAMA UYGULAMALARINDA VERIi COGALTMA
YONTEMININ PERFORMANSA ETKIiSI
EFFECT OF DATA AUGMENTATION METHOD ON PERFORMANCE IN INFRARED
OBJECT DETECTION APPLICATIONS
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OZET

Nesne tespit calismalarinin giderek yayginlasmasiyla beraber kizilotesi goriintiiler ile
gerceklestirilen hedef tespiti uygulamalar1 6nem kazanmaya baglamistir. Bu ¢alismada etkili
bir kizilotesi nesne tespit modeli gelistirmek i¢in segilen YOLOvV3 ve YOLOv4 derin
O0grenme modelleri {izerinden egitimler gergeklestirilmistir. CAMEL, LTIR ve
AALARTDATA isimli iic adet halka agik veri setinden toplamda 1000 adet kizilotesi
gorintii secilmistir. Bu goriintiiler modellerin tespit performansini artirmak adina gesitli veri
cogaltma yontemleri kullanilarak cogaltilmistir. Ayna goriintiisii alma, kenar doldurma, belli
acilarla dondiirme, sagdan/soldan kirpma ve gama diizeltmesi gibi yontemler uygulanarak
1000 adet kizilotesi goriintii verisi 48000 adet goriintii verisine c¢ogaltilmistir. Bu veri
cogaltma yontemleri sayesinde hem egitim i¢in gerekli olan verinin artirilmasi, hem de
verinin karmasiklig1 artirilarak modellerin ayni nesnenin farkli pozisyonlarini gérmeleri
saglanmistir. Calisma kapsaminda elde edilen 1000 adet goriintiide yer alan insan ve araclar,
modellerin egitimi i¢in YOLO formatinda etiketlenmistir. Bu etiketleme formati nesnelerin
siifini, nesneyi i¢ine alan sinirlayict kutunun orta noktasini ve bu kutunun o6l¢iilerini
barindirmaktadir. Geri kalan 47000 goriintii, Python programlama dili ile 6nceki 1000
gorlintiiniin etiketleri kullanilarak otomatik olarak isaretlenmistir. Sonu¢ olarak 48000 adet
goriintiiye sahip artiritlmig ve 1000 adet goriintliye sahip artirilmamis olmak iizere iki adet
veri seti elde edilmistir. Bu veri setleri 2-1-1 oraninda sirasiyla egitim seti, dogrulama seti ve
test seti olarak ayrilmistir. YOLOv3 ve YOLOv4 modelleri, transfer 6grenme yontemi ile
onceden egitilmis agirliklar kullanilarak hem artirilmis hem de artirilmamis veri setleri ile
100 adim olacak sekilde egitilmistir. Test veri setleri incelendiginde artirilmig veri setinin

modellerdeki tespit performansini her nesne sinifi i¢in artirdigr gézlenmistir. Tiim siiflar
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icin ortalama performans (mAP), artirilmis veri seti sayesinde YOLOv3 ve YOLOV4 i¢in
strastyla %56,04 ve %80,80 daha yiiksek oldugu hesaplanmistir.
Anahtar Kelimeler: Derin 6grenme, kizil6tesi goriintiiler, nesne tespiti, veri gogaltma.

ABSTRACT

With the increasing prevalence of object detection studies, target detection applications with
infrared images have become important. In this study, selected YOLOv3 and YOLOvV4 deep
learning models were trained to develop an effective infrared object detection model. A total
of 1000 infrared images were selected from three publicly available datasets CAMEL, LTIR
and AALARTDATA. These images were reproduced using various data augmentation
methods in order to increase the detection performance of the models. By applying methods
such as mirror image, edge filling, rotation with certain angles, right/left cropping and
gamma correction, 1000 infrared images were augmented into 48000 images. Thanks to
these data augmentation methods, both the data required for training and the complexity of
the data were increased, allowing the models to see different positions of the same object.
Within the scope of the study, people and vehicles in the 1000 images obtained were labelled
in YOLO format for the training of the models. This labelling format contains the class of
objects, the midpoint of the bounding box containing the object, and the dimensions of this
box. The remaining 47000 images are automatically labelled using the Python language and
the previous labels of 1000 images. As a result, two datasets were obtained, augmented with
48000 images and non-augmented with 1000 images. These datasets are divided into training
set, validation set and test set with a 2-1-1 ratio. YOLOv3 and YOLOv4 models have trained
1000 epochs with transfer learning method using pre-trained weights with both augmented
and non-augmented datasets. When the test datasets were examined, it was observed that the
augmented dataset increased the detection performance of the models for each object class.
The mean average precision (mAP) for all classes was calculated to be 56.04% and 80.80%
higher for YOLOv3 and YOLOv4, respectively, thanks to the increased dataset.

Keywords: Deep learning, infrared images, object detection, data augmentation.
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BOUNDARY LAYER FUNCTION
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OZET
Bu calismada diizgiin olmayan agisal sinir tabakasi fonksiyonunu iceren parabolik problemin
¢Oziimiiniin asimptotigi kurulmustur. Daha oOnce calisilan calismalarin aksine, tretilen
algoritma basittir. Regularize edici fonksiyonun se¢imi nedeniyle, ¢oziimiin asimptotiginin
yapisini ve olusturma algoritmasini basitlestirmek miimkiin olmustur. Bizim tarafimizdan
olusturulan asimptotikler, yalnizca ii¢ sinir katmanimi icermektedir. Oysa, Butuzov’un
caligmalarinda olusturulan ¢6ziimiin asimptotigi bes sinir katmani bileseni icerir.
Problemin konulmasi asagidaki gibidir:

Lou = gd,u — e3a(x)02 + eb(x)d,u + c(x, u(x, t, &) = f(x,t),

(x,t) €Q 1)
Ult=9 = h(x), Uly=g = Ulx=1 =0

bu yerde € > 0 - kiigiik parametre, Q = (0 < x < 1) X (0 <t <T).

€ > 0da tim baglangic sinir kosullarinin kaybolduguna dayanarak, ¢oziimiin
asimptotiklerinde t = 0,x = [ — 1,1 = 1,2 boyunca sinir katmanlar1 ortaya ¢ikar. Diizenleyici
degiskenler asagidaki gibi tanimlanarak girilmistir:

C N c )

1= g2’ 1 g t= 2
o (1—-1,t) =0, Y(x,0)=0

ve genisletilmis fonksiyon @(M,e), M = (x,t,&,n,1), &= (&,§)

ﬁ(Mr 8) |9=v(x,t,£) = U(x, ¢, 8):

6= (&0 0, v(x L) = ((p(:cz, t)’so(z, t)’giz
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konulmustur. Gerekli tiirevler bulunarak ve islemler yapilarak (1) problemin yerine asagidaki
problem konulmustur.

— 1
Lguz ;

2
1
0, +~ ) (@1 — b)) + (Op — b))y T - Orf
=1

2
1

— EZ(ax(pl)za(x) 6?111 — &(0,)?07 1 — € a(x)Leii + c(x, )1
=1

—e?a(x)L,ti — e3a(x)0¢1 — € b(x)0il = f(x, 1), M € Q,
ﬂ|t=r=n=0 = h(x), alx:l—l,ﬁ:O =0,

Q = Q x (0,)3.

Konulan problem artik regiilerdir ve ileride tanimlanacak olan fonksiyonlar sinifinda
¢Oziilecektir.
Anahtar Kelimeler: parabolik problem, asimptotik, diizgiin olmayan fonksiyon.

ABSTRACT
In this paper, we construct a regularized asymptotics for a solution of any order with a
nonsmooth angular boundary layer function. In contrast to the previously studied works, our
algorithm is simple. Due to the choice of the regularizing function, it was possible to simplify
the structure of the asymptotics of the solution and the construction algorithm. The
asymptotics constructed by us consists of only three boundary-layer functions. Whereas the
asymptotics of the solution constructed, for example, in Butuzov’s works contains five
boundary-layer components.
Let us consider the problem:

Lou = edu — e3a(x)0z + eb(x)0,u + c(x, u(x, t, &) = f(x,t),

(x,t) €Q (1)
Ult=9 = h(x), Uly=g = Ulx=1 =0

where € > 0 isasmall parameter, 0 = (0 <x < 1) X (0 <t <T).

Based on the fact that at € — 0 all initial-boundary conditions are lost, boundary layers
appear alongt = 0,x =1 — 1,1l = 1,2 in the asymptotics of the solution.

We introduce regularizing variables and extended function:

_pi(x,t) Y(x, t) t
& =

- &
ol-1,6)=0,  P(x0) =0

ez Tt @)
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ﬁ(M, 5); M = (x, t; 'Si U’T); E = (EIIEZ)

ﬁ(M, 8) |9=v(x,t,£) = u(x, ¢, 8)1

pixt) p(x,t) t

3
9=(f,77,T),V(x;t,€):( g2 ! € ' g2 ( )

);(p = (91, ¢2)

By finding the necessary derivatives and performing operations, problem (1) was replaced by
the following problem:

L.u? = 0,7 +

[

2
1
D 0 = b0 + (Betp = b))yt — = el
=1

2
1
— EZ(axqol)za(x) 0f,1 — e(0xY)?071 — € a(x)Lgli + c(x, t)l
=1
— e?a(x) Lyt — e3a(x) 051 — € b(x) 0,1 = f(x,0), M € Q,
ﬁ|t=r=n=0 = h(x), alx:l—l,ﬁ:O =0,

Q = Q x (0,)3.

The problem presented is now regular and will be solved in the functions class, which will be
defined later.
Keywords: Parabolic problem, asymptotic, nonsmooth function.
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AFLATOKSIN DEGRADASYONU VE BAZI KALIiTE PARAMETRELERI
UZERINE ETKISi
EFFECT OF HIGH INTENSITY PULSED LIGHT TECHNOLOGY ON AFLATOXIN
DEGRADATION AND SOME QUALITY PARAMETERS IN DRIED FIGS
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OZET

Incir (Ficus carica L.), 1liman iklim kosullarinda yetisen bir bitki olup Akdeniz kiyilarmin
karakteristik bir meyvesidir. Tirkiye, incir iiretimi ve ihracatinda Diinya capinda birinci
sirada yer almaktadir. Geleneksel olarak giineste kurutulan incirler, islem sirasinda hizli bir
sekilde nem igerigi diisliriilemediginden ve hijyenik olmayan ortam kosullarindan dolay1
mikrobiyal gelisime agiktir. Bu durum, kiif toksini olan mikotoksinlerin olusmasina yol
acmaktadir. Mikotoksinlerden biri olan aflatoksinin varlig1 kuru incirde en sik karsilasilan
kalite problemlerinin basinda gelmekte ve Tiirkiye’nin mevcut ihracat potansiyeline karsi
biiyiik bir tehdit olusturmaktadir. Bu caligmada, aflatoksin standart ¢ozeltisi ile kontamine
edilmis kuru incirler 1sisal olmayan, yenilik¢i bir teknoloji olan yiiksek yogunluklu vurgulu
151tk (HIPL) teknolojisiyle islenmistir. HIPL isleminde farkli enerji dozlarinin (3, 6, 9, 12
Jlcm?) aflatoksin degredasyonu iizerine etkisi arastirilmistir. 3, 6, 9, 12 J/cm? enerji dozlarinda
islenen kuru incirlerde gergeklesen toplam aflatoksin degredasyonunun sirasiyla
%14.79+£0.29, %21.68+6.69, %19.60+0.33, %?23.33£1.06 oldugu tespit edilmistir. Genel
olarak, artan enerji dozuna bagl olarak aflatoksin degredasyonu (%) da yiikselmistir (p<0.05).
Ancak, 6 ve 9 Jicm? uygulamalar1 arasinda anlamh bir fark yoktur (p>0.05). Calisma
kapsaminda ayrica HIPL teknolojisinin kuru incirdeki kalite ozellikleri iizerine etkisi
arastirllmistir. HIPL ile islem gérmiis 6rneklerin nem igerigi, su aktivitesi, suda ¢oziiniir kuru
madde (SCKM) igerigi, pH, renk Ozellikleri, toplam fenolik madde igerigi gibi kalite
ozelliklerindeki degisimler incelenmistir. Toplam renk farki, en yiiksek 6 J/cm? enerji
dozunda, en yiiksek toplam fenolik madde igerigi 138.80+8.55 mg GAE/100 g KM ile 12
Jlem? enerji dozunda tespit edilmistir. Bu calisma, “Yenilikci 151k teknolojisi uygulamalarimnimn
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kuru incirde aflatoksin degradasyonuna etkisi” konusunda hazirlanan Yiiksek Lisans tezinin
bir boliimiinii olusturmaktadir.

Anahtar kelimeler: Kuru incir, Aflatoksin, HIPL

ABSTRACT

Fig (Ficus carica L.) is a plant that grows in mild climate conditions and is a characteristic
fruit of the Mediterranean coast. Turkey ranks first in the world in fig production and export.
Traditionally sun-dried figs are susceptible to microbial growth due to unhygienic
environmental conditions and not being able to quickly reduce their moisture content during
sun drying. This leads to the formation of mycotoxins, which are mold toxins. The presence
of aflatoxin, one of mycotoxins, is one of the most common quality problems in dried figs and
poses a great threat to the current export potential of Turkey. In this study, dried figs
contaminated with aflatoxin standard solution were processed with high intensity pulsed light
(HIPL) technology, which is an innovative non-thermal technology. The effect of different
energy doses (3, 6, 9, 12 Jicm?) on aflatoxin degradation in the HIPL process was
investigated. Total aflatoxin degradation in dried figs processed at energy doses of 3, 6, 9, 12
Jlem? was found to be 14.79+0.29%, 21.68+6.69%, 19.60+0.33%, 23.33+1.06%, respectively.
In general, the aflatoxin degradation in percentage terms increased with increasing energy
dose (p<0.05). However, the difference between 6 and 9 J/cm? applications was not
significant (p>0.05). The effect of HIPL technology on the quality characteristics of dried figs
was also investigated. The changes in quality properties such as moisture content, water
activity, water-soluble dry matter (Brix) (%) content, pH, color properties, total phenolic
matter content of the HIPL treated samples were investigated. The highest total color
difference was obtained at 6 J/cm? energy dose, and the highest total phenolic content was
found to be with 138.80+8.55 mg GAE/100 g KM at 12 J/cm? energy dose application. This
study constitutes a part of the MSc thesis on "The effect of innovative light technology
applications on aflatoxin degradation in dried figs".

Keywords: Dried figs, aflatoxin, HIPL
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OZET

Glinlimiizde doku miihendisligi ¢aligmalarinda dokularin rejenerasyonunu saglamak,
desteklemek ve fonksiyonlarin1 restore etmek icin dogal ve sentetik biyomalzemeler
kullanilmaktadir. 3 boyutlu (3B) biyobaski sistemlerinde hiicre, biiyiime faktorii gibi biyoaktif
bilesenler ile karigtirllmasi sonucu biyomiirekkep olarak da kullanilabilen biyomalzemelerin
kemik, kikirdak, deri vb. doku rejenerasyonunu saglamasi i¢in hiicrelerin dogal ortamlarinda
icinde bulundugu ekstraselliiler matriks (ECM) yapisin1 ve fonksiyonlarini taklit etmesi kritik
oneme sahiptir. ECM yapis1 ile benzerlik gosteren biyomalzemeler, hiicre yapisma ve
cogalmasini destekler, ECM olusumunu artirarak doku rejenerasyonunu saglar. Ayni1 zamanda
biyomalzemelerin yeterli mekanik dayanima sahip olmasi, bu sayede yeni gelisen dokulari
desteklemesi gerekmektedir. Ayrica biyomalzemeler, 3B biyoyazici sistemleri igin basilabilir
ozellige sahip olmalidir. Ancak bu 6zelliklerin yeterli seviyede saglanamamasindan dolay1
doku miihendisliginde kullanilan biyomalzemelerin sayis1 sinirlidir ve doku rejenerasyonunu
saglayacak yeni biyomalzemelerin gelistirilmesine ihtiya¢ duyulmaktadir. Bu c¢alismanin
amaci, 3B biyoyazici sistemlerde kullanilan biyomalzeme (bio-ink) a¢igini gidermek {izere
chia tohumu miisilajinin mikrodalga destekli metakrilasyonu saglanarak yeni bir bio-ink olan
chiaMA sentezi gerceklestirmektir. Chia tohumlari su ile temas ettigi zaman, agirliginin 27
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katina varabilen miisilaj salinim1 gergeklestirir. Lifli yapida bulunan amino asit, yag asitleri ve
polisakkarit acisindan zengin igerige sahip olan chia tohumu miisilajt ECM yapisi ile birgok
benzer 6zellige sahiptir. Calismada chia miisilajina ait karboksil gruplar1 ve hidroksil gruplari,
EDC-NHS kimyas1 kullanilmasi ve farkli kuvvetlerde mikrodalga enerjisi uygunlanmasi
sonucu 2-aminoetil metakrilat hidrokloriirde (AEMA) bulunan amin gruplarina baglanarak
metakrilatlanmasi saglanmistir. Ardindan lityum fenil-2,4,6-trimetilbenzoilfosfinat (LAP)
kullanilarak foto-¢apraz baglanan chiaMA hidrojellerinin SEM, FTIR, HNMR, XRD ve TGA
analizleri ile yapisal ve morfolojik karakterizasyonu saglanmigtir. %2.5 ve %5
konsantrasyonlarinda hazirlanan chiaMA hidrojellerinin reoloji ve mekanik dayanim
analizleri gergeklestirilmistir. Ek olarak, doku miihendisliginde kullanilan 3 boyutlu biyobaski
sistemleri i¢in viskozite analizi elde edilmis ve 3B biyobaski cihazinda optimizasyonu

saglanmistir.

Anahtar kelimeler: Biyobasim, Biyomalzeme, Biyomiirekkep, Chia Tohumu Miisilaji, Doku
Miihendisligi

ABSTRACT

In tissue engineering, synthetic and natural biomaterials have been used to repair/regenerate
human tissues. In designing biomaterials which is also can be used as bioink by mixing with
cells and bioactive compounds such as growth factors in 3D bioprinting systems, mimicking
structure and functions of extracellular matrix (ECM) is critical for tissue regeneration.
Biomaterials that have similar properties of ECM can promote cell attachment and
proliferation, therefore regenerate the tissue by increasing ECM growth. Also, biomaterials
should have sufficient mechanical strength, thus they can support newly developing tissues. In
addition, they should be printable for 3D bioprinting systems. However, biomaterials in tissue
engineering are limited due to lack of necessary properties. Therefore, new biomaterials
which will provide better tissue regeneration are required. This study aims to synthesize
chiaMA hydrogel as a novel biomaterial (bio-ink) to overcome some of the limitations of
tissue engineering. Once chia seeds get contact with water, they start to generate mucilage up
to 27 times of seeds. Fiber structured chia seed mucilage has similar properties to ECM with
rich amino acid, fatty acid and polysaccharide components. Briefly, chia seed mucilage was
methacrylated using EDC-NHS chemistry via microwave technique by applying different
microwave powers to the carboxyl and hydroxyl groups of chia seed mucilage and amine
groups of 2-aminoethyl methacrylate hydrochloride (AEMA). The chiaMA hydrogel was
obtained by photocrosslinking by using lithium phenyl-2,4,6-trimethylbenzoylphosphinate
(LAP). ChiaMA hydrogel was structurally and morphologically characterized by SEM, FTIR,
HNMR, XRD and TGA analyses. Moreover, rheological and mechanical analyses with 2.5%
and 5% concentrations of chiaMA were performed. Viscosity analysis was also carried out for
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the developed biomaterial and further optimization of chiaMA as a bioink material in tissue
engineering was validated.

Keywords: Bioink, Biomaterial, Bioprinting, Chia Seed Mucilage, Tissue Engineering
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ABSTRACT

Sustainability, energy and water saving in the textile industry are among the most researched
topics in recent years. Textile dyehouses are the areas where water and energy are used the
most. Textile waste waters harm the nature ecologically as well as aesthetic concerns. The
treatment and recovery of textile wastewater is very important for the environment and human
health. The stability of the dyestuffs under acidic and basic conditions, their resistance to
aerobic degradation, heat and light make it difficult to be treated with conventional treatment
methods. Physical, chemical and biological methods are used in the treatment of wastewater
containing dyestuffs. There are various advanced oxidation processes for wastewater
treatment based on the principle of catalytic production of hydroxyl radicals. The advantage
of advanced oxidation processes is greater than conventional wastewater treatment methods.
The most important advantage of the advanced oxidation method is that it is suitable for the
easy degradation of a wide variety of toxic organic compounds. The high oxidation potential
of hydroxyl radicals, which are known to react with some pollutants in water, play an
important role in organic degradation. When hydrogen peroxide interacts with UV, it forms
hydroxyl radicals (OHe), which is a very active species. In this experimental study,
photocatalytic reaction of Reactive Blue 203 dyestuff using H202 (hydrogen peroxide) / UV
(Ultraviolet), which is one of the advanced oxidation processes used in industrial wastewater
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treatment. discoloration has been investigated. The pH, temperature, conductivity and COD
values of the samples were examined and the results were interpreted.

Keywords: UV, color removal, photocatalytic effect.

OZET

Tekstil endiistrisinde siirdiiriilebilirlik, enerji ve su tasarrufu son yillarin en ¢ok arastirilan
konu basliklar1 arasinda yer almaktadir. Tekstil boyahaneleri suyun ve enerjinin en g¢ok
kullanildig: alanalardir. Tekstil atik sulari estetik kaygilarinin yanisira ekolojik olarak dogaya
zarar vermektedir. Tekstil atik sularinin aritilmasi ve geri kazanilmasi ¢evre ve insan sagligi
icin ¢ok onemlidir. Boyarmaddelerin asidik ve bazik sartlar altinda kararli olmalari, aerobik
parcalanmaya, 1s1 ve 1s18a Karsi dayaniklilik gostermeleri konvansiyonel aritma yontemleriyle
aritilmasini zorlastirmaktadir Boyarmadde iceren atiksularin aritilmasinda fiziksel, kimyasal
ve biyolojik yontemler kullanilmaktadir. Hidroksil radikallerinin katalitik tiretimi prensibine
bagh atik su aritimlari icin cesitli ileri oksidasyon prosesleri vardir. Ileri oksidasyon
proseslerinin avantaji, klasik atik su aritma yontemlerine gére daha fazladir. ileri oksidasyon
yonteminin en Onemli avantaji, ¢OK ¢esitli toksik organik bilesiklerin kolaylikla
degradasyonuna uygun olmasidir. Suda bulunan baz kirleticiler ile reaksiyona girdigi bilinen
hidroksil radikallerinin yiiksek oksidasyon potansiyeline sahip olmalari organik bozunmada
onemli rol oynamaktadir. Hidrojen peroksit UV ile etkilesim sagladiginda oldukga aktif bir
tiir olan olan hidroksil radikalleri (OHe¢) olusturmaktadir. Bu deneysel ¢alismada endiistriyel
atik su aritiminda kullanilan ileri oksidasyon proseslerinden biri olan H20> (hidrojen peroksit)
/ UV (Ultraviyole) kullanilarak Reaktif Blue 203 boyarmmaddesinin fotokatalitik olarak renk
giderilmesi arastirilmistir. Numunelerin pH, sicaklik, iletkenlik ve KOI degerleri incelenmis

sonuglar yorumlanmaistir.

Anahtar Kelimeler: UV, renk giderimi, fotokatalitik etki.

1. INTRODUCTION

The textile industry is one of the most water-consuming sectors. Approximately 100- 150
liters of clean water is used for finishing only 1 kilogram of textile surface (Yigit et al., 2021).
The waste water resulting from the finishing processes contains various chemicals and
dyestuffs. Since the dyestuffs in textile wastewater are in complex and high molecular weight
structures, their biodegradability is generally very low (Kim et al., 2004; Gao et al., 2007;
Verma et al., 2012). If the waste waters of the industry are not treated and the dyestuffs are
left untreated, they can be used as lakes, rivers, etc. pollutes water resources and indirectly
harms the environment and human health. The World Health Organization (2002) has
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associated the pollution of air, soil and water with industrial wastes with a heavy burden of
disease.

There are physical, chemical and biological methods for the treatment and cleaning of
wastewater. One of the most commonly used methods in the purification of dyestuffs is the
chemical treatment method. This method can be divided into advanced oxidation process
(AOP) and chemical oxidation. Sufficient amount of hydroxyl (*OH) radicals may be formed
in advanced oxidation processes (Holkar et al., 2016). Since hydroxyl radicals have very high
oxidation potential, they play an important role in organic degradation (Eren, 2018). Due to
the limited lifetime of hydroxyl radicals, they are produced by combinations of oxidizing
agents (such as Hydrogen peroxide (H202), Ozone (O3)) or with the support of various
methods (such as Ultraviolet, ultrasound) (Deng and Zhao, 2015). These methods are
common because they do not produce sludge and the reaction takes place in a short time. The
reaction of hydroxyl radicals under UV light is given below (Alebouyeh et al., 2003; Costa et
al., 2004; Bahrama et al., 2017; Eren, 2018).

H202+ hv — 20H 1)

In this study, color removal of reactive blue 203 dyestuff was observed with the addition of
H202 under UV light. During the studies, the pH, conductivity and temperature values of the
dyestuff were observed.

2. MATERIALS AND METHODS

Reactive Blue 203 dyestuff, whose molecular structure is given below, was chosen for this
experimental study. 40 g/L H20. (Merck) was used for the bleaching process. The stock
dyestuff solution was chosen as 1.5 g/L. Catalase enzyme (Rudolf Duraner Rucolex HTK)
was used to finish the H2O> activity remaining in the solution after UV treatments. COD
measurement Kkits (Merck) were used to make COD measurements.

After the stock solution was prepared, H.O> was added and the solution was placed in the UV
cabinet. The UV cabin contains 18 UV lamps with a wavelength of 470 Watt and 254 nm in
total. Samples were taken from the solution every 5 minutes, and the pH, conductivity and
temperature values of the samples were checked.
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Figure 1 Molecular Structure of Reactive Blue 203 Dyestuff

Applied Tests

Temperature and conductivity measurements; conductivity was measured in the WTW Cond
3210 measuring device, and pH measurements were made in the WTW PH 3210 model pH
measuring device. Color measurements were made on the Spectroquant Pharo 300 model
spectrophotometer device, and COD measurements were made with Standard Methods.

3. RESEARCH AND FINDINGS

In the color measurements, the characteristic visible wavelength wavelength of the dyestuff
was determined as Amax 603 nm. The color removal of the samples taken every 5 minutes
according to this wavelength was calculated according to this absorbance value. In Figure 2,
the absorbance values obtained by the photocatalytic method are given. When Figure 2 is
examined, it is seen that the photocatalytic method is successful in color removal. The
increase of hydroxyl radicals with the addition of H,O> resulted in color removal.

603 nm'de Absorbans Degerleri

2
15
1
0 _ -

islem gérmemis  H202 ilave edilmis 5 dk H202+UV 10 dk H202+UV 15 dk H202+UV
stok ¢ozelti islem gérmemis
¢Ozelti

Absorbans degerleri H 24 Saat Sonra Olgiilen Absorbans Degeri

Figure 2. Absorbance values of Reactive Blue 203 dyestuff under UV light
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T

Figure 3. Decolorization of Reactive Blue 203 dyestuff (From left to right; Stock solution,
untreated solution with added H202, 5 min H.O2+UV, 10 min H202+UV, 15 min H202+UV)

|

As a result of the photocatalytic process, the pH, temperature and conductivity values of each
sample were recorded. Due to the products formed as a result of decomposition in dyestuff
treatment, it has caused variability in pH and conductivity values. The increase in temperature
values occurred with the heating of the UV cabinet as a result of the heating of the lamps.

Table 1. Temperature, pH, conductivity values of the samples

Sample Temperature (°C) pH Conductivity(uS/cm
)

Stock solution 13,6 10,6 179,3

Untreated solution 13,6 9,9 182,5

5 min H202+UV 14,5 9,6 197

10 min H,02+UV 15,2 17,7 248

15 min H202+UV 16,1 6,8 334

The COD removal result is given in Table 2. While color removal was 99% successful in the
study, COD removal was 3.5%.

Sample KOffirst KOlEend

Reaktif Blue 203 406,402 392,388
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4. RESULTS

In this experimental study, photocatalytic decolorization of Reactive Blue 203 dyestuff was
investigated. While color removal with UV/ H202 process was 99% successful, COD removal
color removal was not that successful. With the addition of 40 g/L H202, the color removal
process was successful after 15 minutes.
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ABSTRACT

A series of comb-like polycarboxylates (PC) were synthesized and their performance was
evaluated as dye dispersant. The PCs were prepared in different molecular weights and side-
chain densities by copolymerization of methacrylic acid and an ethoxylated macromonomer.
The dye dissolution, dispersive ability, and particle size of CI Disperse Blue 79 were studied
in the presence of PCs. Polymers with lower side-chain density resulted in a higher dye
dissolution, which could be due to more effective adsorption of dispersant on the dye surface.
Moreover, the dyeing performance of the prepared dye dispersions on polyester was
investigated. Spectrophotometric results of dyed fabrics demonstrated that there was an
optimum side chain density and molecular weight for the PCs to improve both dye solubility
and dispersive ability. This was also confirmed by particle size analysis and turbidity
measurements. Overall, PCs exhibited good dispersing performance and could overcome the
commercial one.

Keywords: Polycarboxylate, Dispersant, Dyeing, Disperse dye.
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INTRODUCTION

Dispersing agents are chemicals that migrate to the solid-liquid interface and cause the
stability of solid particles in liquid media by preventing agglomeration [1]. alteration in
surface free energy of the solid particle is the main mechanism of dispersion for small
dispersants whereas high molecular weight dispersants have anchor groups that afford strong
adsorption of polymer onto the particle [2]. Water-soluble comb-like PCs contain
polyethylene or polypropylene oxide side chains which are attached to the acrylic-based
backbone. They can adsorb to a solid particle by electrostatic attraction, hydrogen bonding, or
van der Waals interactions. Side-chains are responsible for the steric hindrance effect.
Chemical moiety and length of side-chains, side-chain density, and molecular weight of PCs
are important variables in the design of PC dispersants [3].

EXPERIMENTAL
Chemicals

Methacrylic acid and nonylphenol polyethylene glycol (n=I0), ClI Disperse Blue 79, and
sodium polynaphthalene sulfonic formaldehyde (PNS) were of industrial grade and purchased
from the Lucite International, Kimiagaran Emrooz, Enacol, and Dystar. Cyclohexane and
ammonium persulfate were provided by Petrochem and BASF, respectively. All other
chemicals were of analytical grade and purchased from Merck.

Synthesis of dispersants

The synthesis of PCs consisted of two steps that have been reported in our previous work [4].
The first step was to synthesis the macromonomer which was going to be used as side-chain,
and the second one was the solution copolymerization process. Briefly, the macromonomer
was synthesized by esterification of methacrylic acid with nonylphenol polyethylene glycol.
Then, the macromonomer was copolymerized with different concentrations of monomers and
initiator to obtain polymers with different side-chain density and molecular weight. The
chemical structure of synthesized polycarboxylates is presented in Figure 1.

Solubility measurement of dye

Dyes suspensions were prepared at different concentrations of PCs. They were shaken in an
Incubator shaker at 25, 45, and 65 °C. Sampling was performed over time while dye
dispersions were being shaken. Then, they were filtered and dissolved in acetone and the
concentration of dissolved dye was calculated thanks to UV-Visible spectroscopy. Finally, the
kinetic parameters of dye dissolution in the presence of different PCs were calculated.

Dyeing of polyester fabrics

Dye dispersions were prepared by the solution method using different dispersant
concentrations as reported by [5]. The dyeing of polyester fabrics was carried out with a high-
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temperature method. After dyeing, reduction clearing was performed on dyed samples and
their color characteristics were evaluated by colorimetric analysis.

PC 1:2

xfy =3

Side-Chains

Xly =2

n

PC1:3
» Polymer Backbone
LM ~ 2100 g.mol’!
PC 1:4 MM ~ 10000 g.mol!
HM ~ 21000 g.mol!

W T g

Fig. 1. The schematic representation of synthesized PCs and their general chemical structure.

Dye dispersion stability

Dye dispersions were prepared by milling of the used disperse dye in the presence of the best
concentration of dispersants. Milling was carried out for 20 hours in a ball mill. Then, dye
dispersions were diluted for further analysis including turbidimetry and particle size analysis.

Investigation of heat stability of dye dispersions

In this section, different dye dispersions were prepared and charged to the capsules of the
dyeing machine. The dyeing process condition (temperature and time) were applied to the
samples. Notably, no polyester fabrics were inserted inside the capsules. Eventually, sampling
was done for turbidimetry, particle size analysis, and dye solubility measurements.
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RESULTS AND DISCUSSION
The effect of PCs on dye dissolution

Samples were prepared by adding the disperse dye powder to water in the absence and
presence of PCs. They were shaken and heated at different temperatures. The effect of PC
type (Molecular weight and side-chain density) and PC concentration was investigated on dye
dissolution at 25, 45, and 65°C. The concentration of dissolved dye in water was measured
over time. Results revealed that there is almost no solubility of dye at 25 °C and it slightly
increased as the temperature elevated to 45 and 65 °C. However, the dissolution of dyes
increased with the addition of PCs. The maximum dissolution of disperse dye was less than
0.9 mg/l at 65°C while in the presence of PC1:4M, the dissolution was raised to 2 mg/l.
Moreover, increasing the dispersant concentration improved the solubility of dye up to 6 mg/I.
Besides, the PC with the medium molecular weight (PC1:4M) could enhance the dissolution
the most.

The effect of PCs on polyester dyeing

In order to find the optimum PC concentration, polyester fabrics were dyed using different
concentrations of dispersants. Results of reflectance spectrophotometry for dyed fabrics
revealed that the higher the PC concentration was, the higher K/S value was obtained. Figure
2 is depicted to illustrate a better comparison between dispersants. As can be seen, higher K/S
values are achieved by PC1:3 that demonstrated that there is an optimum side-chain density
for polycarboxylates as a dyeing additive. Unlike dye dissolution results, PC1:4M was not the
best dispersant for the dyeing of polyester. This might be due to elevated hydrophilicity of
dyes by PC1:4M. As polyester fibers have hydrophobic nature, the high solubility of dyes
would have a negative impact on dying of polyester using disperse dyes. The dyed polyester
fabrics along with measured K/S is reported in Figure 2.

The effect of PCs on particle size and dye dispersion stability

Dispersants with good dispersive ability prevent dye agglomeration and lead to the production
of dispersions with small particle sizes. The particle size of dye in the presence of different
types of PCs and PNS were measured which were 3.6, 2.9, 3.3, 4.1, 3.1, and 3.1 um for PNS,
PC1:2, PC1:3, and PC1:4L, PC1:4M and PC1:4H, respectively. According to the results, all
dispersants have the ability to prevent dye agglomeration but not all dispersants show similar
efficiency in reducing particle size. A suitable dispersant should also stabilize particles for
longer times. To this aim, the turbidity values of dyes were measured over time. Finding
demonstrated that PDC1:3 had the highest initial and final turbidity.

Thermal treatment on the stability of dye dispersions prepared with PCs

In order to discover the advantages of PCs over commercial PNS, prepared dye dispersions
with different dispersants were heated to 130 °C in a dyeing machine. The results of analyzing
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dye dispersions showed that average particle size was increased for PNS and there is also a
reduction of turbidity values for it, whereas dispersions prepared with PCs possessed higher
turbidity values and lower particle size. Thus, the results indicated that the performance of
PNS decreases at high temperatures. The poor heat stability of PNS at 130 °C has also been
reported by investigating the sediment thickness of dye baths [6].

PNS PC1:3 PC1:2 PC1:4L PC1:4M PC1:4H

+——————— UONENUIOU0)) JuesIadsi(]

Fig. 2. Effect of dispersant type on color strength of dyed polyester

CONCLUSION

This study showed that comb-like polycarboxylate structures could be used as dispersing
agents for dyeing with disperse dyes. However, the chemical structure of polycarboxylate
should be optimized to give the best dispersing efficacy. In this regard, various PCs were
synthesized with different molecular weight and side-chain density, and their performance
was evaluated in improving disperse dye solubility, dispersive ability, and dyeing of polyester
fabrics. Results indicated there was an optimum side-chain density and molecular weight for
polycarboxylates. Moreover, an engineered PC could overcome conventional dispersing
agents based on naphthalene sulfonate.
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OZET

Giliniimiizde nano teknolojik gelismeler neticesinde nano Ol¢ekli malzemelerin her alanda
kullaniminda artis goriilmektedir. Nano 6lgekli malzemeler i¢inde 6nemli bir yere sahip olan
nanolifler yiliksek yiizey alan1 ve gozeneklilikleri sebebiyle malzemenin sahip oldugu
antimikrobiyel, fizikokimyasal, mekanik vb. ozellikleri daha etkili hale getirmektedir. Bu
sebeple nanolifler yara iyilestirme, doku miihendisligi, ila¢ salinimi ve kok hiicre tedavisi gibi
biyomedikal alanlarda etkili kullanim alanina sahip olabilirler. Bal ise ylizyillardir
biyomedikal alanlarda g¢esitli hastaliklarin tedavisinde o6zellikle yara iyilestirmede
kullanilmakta olan bir ajandir. Ustiin &zelliklere sahip bu malzemenin nanolif formuna
getirilerek etkinliginin artirilmast miimkiindiir. Bu calismada 6nce nanolif iiretimi, nanolif
iretim yontemleri arasinda 6nemli bir yere sahip olan elektro lif ¢ekim yontemi hakkinda
bilgi verilmistir. Daha sonra kisaca bal ve ticarilesmis olan ¢esitli formlardaki balli iirtinler
hakkinda bilgi verilmistir. Son olarak bal takviyeli nanolifli ¢aligmalar ile ilgili literatiir
taramasi yapilmistir. Bu tarama sonucunda ticarilesmis bal takviyeli nanolifli {iriin tespit
edilememistir. Literatlir taramasi sonucunda elde edilen bazi c¢alismalarda kullanilan
polimerler, katki maddeleri, bal ¢esidi ve konsantrasyonu, yapilan karakterizasyonlar,
caligmalarin amac1 ve elde edilen sonuglar 6zetlenmistir. Calismalardan elde edilen sonuglara
gore bal takviyeli nanoliflerin 6zellikle yara iyilestirmede potansiyel bir kullanim alanina
sahip olabilecegi kanaatine varilmistir. Bu derleme ¢alismasinin bundan sonra yapilmasi
planlanan deneysel ¢aligsmalar i¢in yol gosterici olmasi1 beklenmektedir.

Anahtar Kelimeler: Bal, Nanolif, Elektro lif ¢gekimi, Yara iyilestirme

ABSTRACT

Today, as a result of nano-technological developments, there is an increase in the use of nano-
scale materials in every field. Nanofibers, which have an important place among nano-scale
materials, have antimicrobial, physicochemical, mechanical, etc. properties due to their high
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surface area and porosity. making features more effective. For this reason, nanofibers can
have effective use in biomedical fields such as wound healing, tissue engineering, drug
release and stem cell therapy. Honey, on the other hand, is an agent that has been used for
centuries in the treatment of various diseases in biomedical fields, especially in wound
healing. It is possible to increase the efficiency of this material, which has superior properties,
by bringing it into nanofiber form. In this study, firstly, information about nanofiber
production and electro spinning method, which has an important place among nanofiber
production methods, is given. Afterwards, information is given about honey and honey
products in various forms that have been commercialized. Finally, a literature review on
honey-reinforced nanofiber studies was conducted. As a result of this scanning,
commercialized honey-reinforced nanofiber product could not be detected. The polymers used
in some studies, additives, honey type and concentration, characterizations, the purpose of the
studies and the results obtained are summarized as a result of the literature review. According
to the results obtained from the studies, it was concluded that honey-reinforced nanofibers
may have a potential use especially in wound healing. This review is expected to be a guide
for future experimental studies.

Keywords: Honey, Nanofiber, Electrospinning, Wound Healing

GIRIS
Balin ilag olarak kullanilmasi tarihin eski zamanlarina kadar dayanmaktadir. Birgok

rahatsizligin 1iyilestirilmesinde kullanilmasi1 ve ayrica dogal bir tatlandirici olarak da
kullanilmas1 onu diinyanin {izerinde degerli kilan 6zelliklerindendir (Andrej vd, 2018).

Hastaliklarin tedavi edilmesinde biiyiik rol oynayan bal, eski uygarliklar tarafindan hangi
hastalig1 tedavi etmede kullanildiysa giiniimilize ulasacak sekilde belgelenmislerdir. Eski
Misirlilar yara iyilestirmede ve pansuman malzemesi olarak kullanirken, Yahudi, Hiristiyan
ve Islami dinlere gore bal kutsal kabul edilen ruhu ve aym zamanda zihni canlandiran bir
madde oldugu kabul edilmistir. Eski Yunanlilarda ise ates, agr1 ve yara tedavilerinde bal esasl
karisimlarin kullanilmis olup, 1.Diinya savasi sonrasinda Rus ve Cin yarali askerlerin
tedavilerinde bali esas olarak kullanmislardir (Lee vd., 2011).

Arkeolojik bilgilere gére Misirlilar, Yunanlilar ve Romalilar doneminde bal yara tedavilerinde
kullanilmistir. Fakat yeni diinya tibbinda olan gelismelerle birlikte balin {izerine yapilan
caligmalar artirilmistir. Farkli calismalar sonucunda ise balin igerigindeki biyolojik
bilesenlerde iyilesmeyi destekleyen bir¢ok farkli biyoaktif bulunmaktadir (Yilmaz ve Aygin,
2009).

Bu arastirma yazisinda ilk bdoliimiinde nanomateryaller, nanolifler, ozellikleri, {iretim

yontemleri ve kullanim alanlar1 6zellikle elektro lif ¢ekim yontemi avantajlar1 ve iiretim
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parametreleri, nanoliflerin biyomedikal alan uygulamalar1 anlatilmaktadir. Diger boliimde
balin ge¢misten giliniimiize kullanim alanlar1, medikal uygulamalari, 6zellikleri ve balin farkli
formlarda takviye edildigi akademik ve ticari uygulamalar anlatilmaktadir. Son boliim ise bal
takviye edilmis nanoliflerin yer aldig1 akademik caligmalar, bu ¢alismalarin amaci, sonucu,
karakterizasyon ¢alismalari, kullanilan polimerler yer almaktadir. Bu ¢alismanin amaci,
literatiirde bal takviye edilerek yapilmis olan nanolif (elektro lif ¢ekim yontemi ile iiretilmis)
caligmalar1 hakkinda bilgi sahibi olmaktir.

1.NANOLIFLER VE KULLANIM ALANLARI

Olgii birimi olarak kullanilan nanometre, metrenin milyarda birine (10°m= 1nm) denk
gelmektedir. Nanoliflerin ¢ap1 belirtilmek istendiginde bu 6l¢ii birimi kullanilmaktadir. Biiyiik
Olceklerden nano Olceklere dogru yaklasildikca liflerin farkli 6zellikleri ortaya ¢ikmaktadir
(Sazak Kozanoglu, 2016). Nanoliflerin avantajlar1 ve kazandirilan o6zellikler igerisinde;
yiiksek derecede yiizey alani i¢cermeleri, gozenekliligin yiiksek olmasi1 ve mekanik, elektriksel
ve kimyasal 6zelliklerinin gelismis olmasi yer almaktadir (Alghoraibi ve Alomari, 2018).

IPEK | anoLiF

—

Sekil 1: Nanolif ile diger liflerin karsilastirilmasinin sematik gosterimi (Coskun Ustiindag,
2009)

Nanoliflerin tiretim yontemleri; cekme (drawing), kalip sentez (template synthesis), faz ayrimi
(phase separation), kendiliginden birlesme (self-assembly) ve elektroegirme (electrospinning)
yer almaktadir (Oflaz, 2016). Endiistriyel 6l¢ekte bir liretim i¢in ise fibrilasyon, bicomponent,
meltblowing, spunbond ve ayrica elektro 1if cekim ydntemleri tercih edilmektedir (Ustiindag
Coskun, 2009).

Nanolifler ge¢cmisten giliniimiize birgok farkli alanda, farkli amaglar i¢in kullanilmaktadir.
Ozellikle saglik, kozmetik, enerji ve ¢evre uygulamalar1 basta gelmektedir. Uygulama
alanlarina ornek olarak; yara oOrtiileri, komposit malzemeler, filtreler, koruyucu kiyafetler,

sensorler, doku mihendisligi, ila¢ salimim sistemleri ve gida takviyeleri verilebilir
(Maliszewska ve Czapka, 2022).

Sekil 2°de nanoliflerin genel olarak kullanim alanlar1 detaylar ile birlikte gdsterilmistir.
Tabloya gore teknik tekstillerin igerisinde yer alan tiim alanlarda kullanilabilme 6zelliklerine
sahiptirler.
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Sekil 2: Nanoliflerin kullanim alanlar1 (Ustiindag Coskun, 2009).

Nanolif ya da nanokompozit malzemelerin en yaygin kullanildigi alanlardan biri igerisinde
olan medikal ve saglik uygulamalari i¢inde kanser tedavileri, kok hiicre tedavileri, ilag salinim
sistemleri, yara iyilestirme tedavileri, biyosensor uygulamalari, kanser tedavileri ve doku
miihendisligi uygulamalar1 yer almaktadir (Aras, 2019).

Sekil 3: Nanokompozit malzemelerin medikal olarak kullanildig1 alanlar (Aras, 2019)

2.ELEKTRO LiF CEKIM YONTEMI

Nanolif iiretiminde en ¢ok kullanilan yontemin elektro lif ¢ekim sisteminin olmasi, diger
iretim yontemlerine gore daha avantajli bir iliretim yontemi olmasindan kaynaklanmaktadir.
Uretimde kullanilacak polimerlerin kisitli olmasi, istenilen incelikte lif elde edilememesi,
iiretim siirecinin karmagiklig1 ve siireksiz olmasi diger iiretim yontemlerin se¢ilmemesindeki
baslica sebeplerdir (Oflaz, 2016). Elektro lif ¢ekim yonteminin endiistriyel olarak biiyiik
Olcekli sekilde kullanabiliyor olmasi ve basitce kiiciik sistemden biiyiik sisteme ¢evrilmesi
avantajlardandir. Ayrica elektro lif ¢cekim {iretim Ozelliklerinden yiiksek tiretim hizi, diisiik
maliyet, polimer olarak ¢ok ¢esitli malzemelerin kullanima olanak saglanmasi ve iiretilen

nanoliflerin tutarli olmas1 bu yontemi, yaygin sekilde kullanilmaya yonlendirmistir (Lee vd.,
2018).
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Elektro lif ¢ekim yonteminin genel goriintiisii asagida yer alan sekildeki gibidir.
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Sekil 4: Elektro lif gekim sisteminin sematik goriintiisii (Alghoraibi ve Alomari, 2018)

Temel prensibi sekilde de goriildiigli gibi polimer ¢dzeltisinin ucundaki igneye ve metal
toplayiciya birer elektrot baglanir. Burada yeterli miktarda voltaj uygulandiginda polimer
cozeltisi ve metal toplayici elektrik yiiklenir. Polimer ¢ozeltisi metal toplayiciya dogru
cekilmeye baglar ve bu sirada ignenin ucunda Taylor Konisi olusturulur. Polimer ¢6zeltisinin
metal toplayiciya kadar ulagsmasi sirasinda polimer ¢ozeltisinin igeriginde yer alan ¢oziici

madde buharlasir ve metal toplayici lizerinde nanolif olusumu gézlenir (Esentiirk vd., 2016).

Taylor konisi olusmadan Once, ignenin ucuna dogru gelen polimer ¢ozeltisi ya da eriyik
polimer yiizey gerilimi ile asili kalir ve damla olusturur. Daha sonra ignenin ucu ve metal
toplayici arasinda olusan elektrik alan sayesinde, damla deforme olmaya baglar. Son olarak
elektriksel kuvvetler damlanin yiizey geriliminin iistesinden gelmesiyle polimer jeti olusur.
Uygulanan voltaj ve ignenin ucu ile metal toplayici arasinda olusan elektrik alan Taylor
Konisi olusumu i¢in 6nemlidir (Aras, 2019).

Elektro lif cekim ydntemini etkileyen parametreler ii¢ sinifa ayrilmaktadir. Islem degiskenleri
icerisinde; ¢Ozelti besleme debisi, uygulanan voltaj, diize ve toplayict arasindaki mesafe ve
toplama plakasinin hareketi vardir. Cozelti/eriyik parametreleri; molekiiler agirlik, polimer
yapist ve ¢ozelti 6zelliklerinden viskozite, dielektrik katsayisi, yiizey gerilimi ve iletkenliktir.
Son olarak ¢evresel degiskenlerden sicaklik, nem, hava akimi etkili olmaktadir.

Elektro lif c¢ekim yoOntemiyle {iretilen liflerin ylizey morfolojileri Taramali Elektron
Mikroskobu (SEM) yontemi ile ve liflerin polimer igeriginin belirlenmesi i¢in de Fourier
Transform Infrared Spektrometre (FTIR) kullanilmaktadir.

Elektro lif ¢cekim yontemiyle yapilmis bir nanolif, yara ortiisii olarak kullanildiginda yara
lizerinde sagladig1 faydalar; yiizey morfolojisinde goriilen bosluklu yapilar ile deriye benzer
bir yap1 elde edilmesi, saglanan genis yiizey alan1 ve gozeneklerin kiiciik olmasi, gézeneklilik
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ile su buhar1 ve gazin gecisinin saglanmasi son olarak da nano-boyutlu bir elyaf tiretildigi i¢in
herhangi bir mikroorganizmanin yaranin igerisine girmesi engellenmektir (Aras, 2019).

3.BALIN OZELLIKLERI VE KULLANIM ALANLARI
3.1. Fiziksel Ozellikleri

Uretildigi bolgeye ve o bolgede bulunan ar1 ¢esidine ve bitki ¢esidine gore degisiklik gosteren
balin fiziksel 6zelliklerinde rengi, kokusu, tadi, saydamlig1 ve viskozitesi degerlendirilebilir.
Ayrica balin igerisinde yer alan su miktari, termal iletkenligi ve elektrik iletkenligi de ¢eside

gore degistigi icin fiziksel Ozellikler kategorisinde yer almaktadir (Aparna ve
Rajalakshmi,1999).

3.2. Kimyasal Bilesenleri

Cigeklerin sahip oldugu nektarlar bal arilar tarafindan toplanir ve toplanan nektarlar arilarin
midesinde enzimler tarafindan islenir ve en son olarak da suyu ugurulan islenmis nektar bala
dontstiiriilmiis olur (Karadal ve Yildirim, 2012). Balin kimyasal bilesenleri; nem (15%-20%),
friiktoz (38%-40%), glikoz (30%-32%), sakkaroz (5%-8%), trisakkaritler (1%-2%),
tanimlanamayan (3%-4%) olarak ayrilir (Aparna ve Rajalakshmi,1999).

Bal genel olarak karbonhidrat, nitrojen bilesikleri, aminoasitler, organik asitler, mineraller,
pigmentler, vitaminler, polen ve sudan olusmaktadir. Igerisinde bulundurdugu miktara gore de
balin viskozitesi, nem alma kapasitesi, kristallesmesi, rengi, tadi, yogunlugu ve raf dmrii de
degismektedir (Hepsag,2019).

3.3. Balin Karakteristik Ozellikleri

Antik caglardan giiniimiize kadar c¢esitli hastaliklarin tedavisinde kullanilan bal, i¢eriginde
bulunan bilesenlerinden dolay1 kendine has o6zellikleri barindirmaktadir. Bu 6zelliklerden
bazilar1 ise antibakteriyel icerikli olmasi, antioksidan olarak kullanilabilmesi ve iltthaplanma
onleyici olmasidir (Scepankova vd., 2021).

3.3.1. Antibakteriyel Ozelligi

Balin karakteristik 6zelliklerinden diisiik su aktivitesi, asitligi ve yiiksek ozmolaritesi ayrica
iceriginde bulunan fenolik bilesikler ve hidrojen peroksit bakterilerin ¢gogalmasini ve yasama
stiresini direkt olarak etkiler (Scepankova vd., 2021).

Yapilan bir arastirmaya gore 6zel bir bakteri tiirliniin manuka bali ile islem gormesinin
ardindan elektron mikroskobuyla analiz edildiginde, bu bakterilerin ¢cogalmasinda duraklama
gozlenmistir. Bu analiz ile balin, bakterilerin hiicre dongiisiiniin ilerleyisini durdurmak i¢in

etkili oldugu anlasilmistir (Lee vd., 2011).
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Antibakteriyel 6zelligi ile birgok tedavide kullanilan balin igeriginde hangi bilesikler bu
ozelligi bala kazandiriyor diye incelendiginde elde edilen sonuglara gore Hidrojen Peroksit,
Metilglioksal ve Bee Defensin-1 en ¢ok etkili olanlardir (Kwakman ve Zaat, 2012).

o Diisiik Su igerigi b

- Balin Anti -Bakterivel \'.
Ak‘tmtem _:‘
y

- _
——
Sekil 8: Balin igerisinde yer alan, antibakteriyel 6zellik saglayan bilesikler (Hossain vd.,
2022)

3.3.2. Antioksidan Aktivite

Bal, yiiksek derecede duygusal, fiziksel ve zihinsel olarak yogun stres altinda kalindiginda
antioksidan olarak davranir. Balin sahip oldugu antioksidan kapasitesi bircok akut ve kronik
rahatsizigi &nlemede etkili olmaktadir. Iltihaplanma, alerji, diyabet, kanser ve Kkalp
hastaliklar1 bu rahatsizliklara 6rnek olarak verilebilir. Balin igerigindeki C Vitamini, fenol
bilesikleri, katalaz, peroksit, glikoz oksidaz enzimleri, flavonoidler ve karotenoidler
antioksidan 6zellik tasirlar (Lewoehu ve Amare, 2019).

3.3.3. iltihaplanma Onleyici

Diger karakteristik 0Ozelligi iltthaplanma Onleyici olan bal, iceriginde yer alan fenolik
bilesikler sayesinde bu 6zellige sahip oldugu diisiiniilse de farkli ballarda incelenen fenolik
bilesik diizeyi ile iltihaplanma karsit1 davranma arasinda olumlu ya da olumsuz bir iligki
bulunamamistir. Bal igerisinde yer alan diger bilesenlerle birlikte boyle bir etkiye neden
oluyor olabilecegi diisiiniilmektedir (Scepankova vd., 2021).

Giliniimiiz ticari uygulamalarinda balin gesitleri bir¢ok degisik formda kullanilmaktadir. Bal
bazli jeller, yara ortiileri/sargi bezleri, merhemler, kremler, macunlar, suruplar, g6z damlalari

ve pastiller ticari olarak tiretilebilen 6rneklerdendir (Hossain vd., 2021).
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| Aktiviteler Hangi Rahatsizliklardan Korur
L Asficksiden ‘ seec Kalp ve Dolagim Sistemi
Ant-pikyobival
Ant-yinal : — . . . ]
Ant-paraatik Frx, < Sinir Sistemi

Anti-Kanser ‘ —

| Ani-Diyabeik c//\

Sekil 9: Tedavi etme siirecinde balin kullanildig1 rahatsizliklar/hastaliklar
(Cianciosi vd.,2018)

Mekanik, kimyasal ya da termal etkiler derinin biitiinligiiniin bozulmasina neden oldugunda,
deride yaralanmalar meydana gelir. Bu yaralarin iyilesmesi siireci ise dort adimda
anlatilmistir; kan akisinin durdurulmasi, yaranin iltihaplanmasi, doku c¢ogalmasi ve doku
yenilenmesidir.

Giliniimiiz teknolojisi ile birlikte yara tedavileri, yara Ortiilerinin tasarimi ve islevselligi
artirllmustir. Islevsellik kriterleri olarak; biyouyumluluk, toksik yan etkilerinin olmamasi,
biyolojik olarak bozunabilme hizi ve Ortiiniin igerisinde bulunan ilacin salinimi
degerlendirilmektedir (Scepankova vd., 2021).

Asinma, apse yatak yaralari, yanik, diyabet, travmatik {ilserler, septik yaralar ve cerrahi
yaralar gibi genis Ol¢lide yara iyilestirmede etkili olan bal, enfeksiyonu temizlerken ayni
zamanda agriy1 da azalmaktadir (Eteraf-Oskouei ve Najalafi, 2013).

Yapilan aragtirmalara gore kalin bagirsak kanseri, kolon kanseri, rahim agz1 kanseri, mesane
kanseri, pankreas kanseri, prostat kanseri, gogiis kanseri ve 16semi gibi kanser hastaliklarin
tedavisinde farkli tiirlerde ballarin kullanilmasi ile, farkli dozlarda ve farkli zaman dilimlerine
maruz birakilarak veriler toplanmistir. Manuka bali, kekik bali, akasya bali, tualang bali,
orman bal1 ve ¢ilek agaci bali kullanilan ballardan bazilaridir (Talebi vd., 2020).

Balin tedavi amaciyla kullanildigi alanlardan biri de gozlerde olusabilecek kornea
yaralanmalari, gézdeki kimyasal ve termal yaniklardir. Yapilan bir calismada, tedaviye yanit
vermeyen bir géz bozuklugu olan 102 hastada, balin merhem olarak kullanilmasindan sonra
hastalardan 87 tanesi tedaviye olumlu sonu¢ verirken kalan 15 kiside ise hastaligin
ilerlemedigi kaydedilmistir. Kizariklik, sislik, irin akintis1 ve bakterilerin tamamen yok
edildigi siire azaltilmistir (Eteraf-Oskouei ve Najalafi, 2013).

Yapilan c¢alismalardan birinde Burkina Faso merkezinde, balin solunum yolu
enfeksiyonlarinda, dogum sonrasi rahatsizliklarda, adet sancilarinda, farenjit tedavilerinde,
kizamik rahatsizliinda tedavi edici olarak kullanildigi belirlenmistir. Bagka bir caligmada

Proceedings Book 89 . www.aegeanconference.com




INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

yine balin giinliikk kullanimi ile endokrin sistemi iizerindeki olumlu etki, kandaki enzim ve
mineral seviyelerinde olumlu yonde gelismeler gozlenmistir (Eteraf-Oskouei ve Najalafi,
2013).

Sinir sistemi rahatsizliklarinin tedavisinde, balin igeriginde yer alan polifenoller ¢ok 6nemli
bir yere sahiptir. Norotoksik olan maddelere karsi temizleyici olarak gorev yapmaktadir,
ayrica yaglanmaya karsi direnglidir (Cianciosi vd.,2018).

4.BALIN TEDAVI AMACIYLA KULLANILDIGI FORMLAR
4.1. Bal Bazh Hidrojeller

Balin igeriginde bulunan prolin, arginin, metiyonin ve glisin yaranin iyilesmesi i¢in gerekli
olan kollajeni ve fibroblasti saglar. Ayrica yaranin iyilesebilmesi ortamin nem oranina da
baglh oldugundan yara Ortlilerinde ortam nemini koruyan hidrojellerin kullanilmasi ¢ok
onemlidir.

Bal bazli hidrojeller ile yapilan arastirmalarda balin yaninda kullanilan bazi igerikler; pektin,
alginat, PVA, PVA/kitosan, kitosan/jelatin ve polivinilpirolidon(PVP)/ polietilenglikol(PEG)
/proteinsiz agar’dir. Her bir yan igerigin getirdigi sonug farkli olmaktadir. Bal ve pektinin
iceriginde bulundugu hidrojel, bir farenin derisinin tim katmanlarinin ¢ikartilip alindigi
bolgeye uygulandiginda; yara yerinin daha hizli oranda kapandigi ve daha diisiik oranda
iltthap hiicrelerinin bulundugu gozlemlenmistir. Ayni sekilde olusmus bir yaraya bal ve
alginat icerikli hidrojel ile miidahale edildiginde; yaranin daha hizli 1yilestigi, kan
damarlarinin  olustugu, epidermin gelistigi ve kollajen olusumunun desteklendigi
gozlemlenmistir. PVA ve bal ile hazirlanmis bir hidrojelin laboratuvar ortaminda insan
fibroblast hiicrelerinin analizinde antibakteriyel 6zellik, balin siirekli salinimi, nemli bir ortam
sagladig1 ve daha fazla hiicrenin dagildigi gortilmistiir (Nezhad-Mokhtari vd., 2021).

4.2. Bal Bazh Nanopartikiiller

Yapilan ¢aligmalara gore, yaranin iyilesme siirecinde farkli asamalarda etkili olan
nanopartikiiller bulunmustur. Ancak ¢ok az nanopartikiilin hem iyilestirme hem de
dezenfekte etme oOzelligi bir arada uyguladigi gozlemlenmistir ve bunun igin bu
nanoparcaciklardan beklenti hem bakterileri 6ldiirebilmesi hem de iyilesmeyi artiric1 6zellikte
olmas1 gerekmektedir. Altin, glimiis ve bakir gibi metal iyonlar: ile balin igerigindeki glikoz
ve frilkktozun igeriginde yer alan hidroksil grubu ile tepkimesinden sonra yeniden sodyum
hidroksit ile tepkimesi ile nanopartikiil olusumu saglanmaktadir. Altin/bal icerikli
nanopartikiiller; yaralarin iyilestirilmesinde, dokularin yenilenmesinde ve hedeflenen ilag
salmiminda kullanilmaktadir. Gilimiis/bal icerikli nanopartikiiller daha ¢ok yanik yaralarinin
tedavi edilmesinde ve yaralarin enfeksiyon tedavisinde kullanilmaktadir. Bakir/bal igerikli
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nanoparkiillerin kullanim alani ise kroniklesmis diyabet yaralaridir, ¢iinkii bakirin gesitli
mantar ve ilaca direng gosteren bakterilere karsi yavaslatict 6zelligi bulunmaktadir (Bahari
vd., 2022).

4.3. Bal Bazh Diger Formlar

Balin esas olarak kullanildigi krem, jel, merhem, sargi bezleri, surup, géz damlalar1 ve pastil
gibi ¢ok cesitli ticarilesmis ve akademik ¢aligmalarda kullanilmis iiriin bulunmaktadir. En ¢ok
kullanilan bal ¢esidi ise Manuka bali iken adagay1 bali ve karabugday bali da ilag yapiminda
kullanilan diger ballardandir. Sargi bezleri/yara ortiileri {lserden kaynaklanan viicut
yaralarinin, travmatik ve cerrahi yaralarin iyilestirilmesi i¢in kullanilmaktadir. Bal bazli
merhemler, daha c¢ok cildin nemlendirilmesinde ve egzamali ya da kasmtilh cildin
sakinlesmesi i¢in kullanilmaktadir. Viicudun bagisikligini korumasi, fiziksel performansi

artirmasi ve bogaz tahrisini azalmasi i¢in de bal bazli suruplar iiretilmektedir (Hossain vd.,
2021).

5.BALIN FARKLI FORMLARDA TAKVIYE EDILMIS TiICARI VE AKADEMIK
UYGULAMALARI

Balin farkli formlarda farkli amaglar igin kullanilmasi oldukc¢a yaygimlasmistir. Bazi
caligmalar akademik olclide yapilip ticarilesememis olsa da ticari iirlin haline gelen pek ¢ok
bal igerikli {irlin bulunmaktadir. Tablo 1’de bal takviyeli baz ticari lirlinler yer almaktadir.

Tablo 1. Bal takviyeli farkli formdaki ticari tirtinler (Hossain vd., 2021)

.. .. Bal .
Uriin ad1 Uriin Icerikte yer alan diger .
0 Sonuglar/Etki Alanlar
formu maddeler
(%)
. Diyabetik ayak ve bacak tilserlerin, travmatik ve
Activon Jel 100 - . o .
cerrahi yara tedavileri, yanik tedavileri
Damar yaralanmalari, enfekte olmus, cerrahi ve
Revamil Jel 100 - kronik yaralar, diyabetik ayak yaralari, 1 ve 2.derece
yaniklar
L-Mesitran Hipoalerjenik lanolin, .
Soft P PrJo ilen Orta dereceli akintil yaralara kadar, ayak ve bacak
. Jel 40 . _p_ . yaralari, cerrahi ve kronik yaralar, 1.ve 2.derece
Medical Grade glikol,Polietilen Glikol
S kismi yaniklar
Honey 4000, E ve C Vitamini
. Ayak ve bacak yaralari, cerrahi ve kronik yaralar,
ManukaPli Jel 100 -

1.ve 2.derece kismi yaniklar
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MANUK Atex Sarg-l 100 i Ayak ve bacak yaralari, cerrahi ve kronik yaralar,
Bezi 1.ve 2.derece kismu yaniklar
Actibalm
Manuka - s .
. Merhem 100 - Uygulandig1 bolgeye iyilestirme ve nemlendirme
Honey Lip
Balm
Saf su,Hindistan Cevizi
Medihoney Yagi, Alman Papatyast . . L
. Krem 30 . o Deriyi korumaya, cilt tahrigini 6nleme
Barrier 6z, Cuha Cigegi Yagi,
Aloe Vera, E Vitamini
Medihoney Macun 100 - Yaranin iyilegmesi
Manuka honey
and Surup 80 Propolis Bagisiklik sistemi, toksinlerin atilmasi
ProposliTM
Optimel Go Sodyum Kilorid,
0z . .
Manuka+ Dry Daml 98 Benzoik Asit Asirt dereceden orta dereceye kadar géz kurulugu
amlast
Eye Drop

Tablo 1°de yer alan tiriinlerin hemen hepsinin jel, merhem, macun veya surup formunda
oldugu goriilmektedir.

Tablo 2’de de heniiz akademik ¢alisma halinde olan baz1 bal takviyeli ¢alisma 6rnekleri
Ozetlenmistir.

Tablo 2. Bal takviyeli farkli formdaki akademik ¢aligmalar (Hossain vd., 2021)

Uriin ada Uriin formu icerikte yer alan icerikte yer alan diger Sonuglar/Etki Alanlar
balin miktar1 (%) maddeler

Kanuka honey Jel 90 Gliserin Giil hastaligi

Leptospermum Sargi bezi 80 Polivinil Alkol ve Boraks Yara iyilesme
(Manuka balr)

Leptospermum Sarg1 bezi 13 Kitosan, Gliserol, Su ve Antibakteriyel etki
(Manuka Balr) Sodyum Bikarbonat

6.BAL TAKVIYE EDILEREK URETILMiS NANOLIiFLER IiLE IiLGILI
AKADEMIK CALISMALAR
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Bir literatlir taramasi yapilarak bal takviye edilerek yapilmis olan nanolif iiretimleri
arastirtlmistir. Bu arastirma yapilirken calismalarin ne amacgla yapildigi, c¢alismalarda
kullanilan polimerler, ¢6zgenler ve diger katki maddeleri 6zellikle incelenmistir. Calismalarda

yapilan karakterizasyonlar ve ¢alismalarin genel sonuglar1 da sonraki deneysel caligmalara

151k tutmasi amaciyla not edilmistir (Tablo 3).

Amag Polimer, ¢o6zgen ve Yapilan Sonu¢ Kaynak
katkilar Karakterizasyonlar
Yara Kitre (Kivam arttirici), SEM, FTIR, Sisme Bal orani arttik¢a sisme derecesi (Ghorba
ortiisi Etil Seliiloz, iran-Bali, derecesi, bozunma diigmiig, nanolif gap1 artmig, bozunma nivd.,
Etanol testi, antioksidan ve yetenegi gelismis, antibakteriyel 2021
anti bakteriyel aktivite | 6zelligi, antioksidan 6zelligi artmstir.
tayini
Yara Seliilloz Asetat/ SEM, FTIR, XRD Bal orani arttik¢a nanolif ¢api, (Ullah
ortiisli Bal (Manuka Balr) analizi, cekme hidrofilite artmis ve yiizey alan vd.,
DMF/ Aseton dayanimi, yiizey alani azalmustir. 2020)
ve gbzenek Gozenek biiylikligii artmis bunun
biiyikliigii dagilim, sonucunda gaz ve su buhari transferi iyi
su buhar1 gegirme seviyelerde ger¢eklesmistir. Kabul
orani, anti bakteriyel edilebilir seviyelerde antibakteriyel ve
analiz, hiicre yasam antioksidan 6zellikler sergilenmistir.
testi
Yara Bal (Irak), SEM, antibakteriyel Kapsaisin takviyesi ile altin (Al-
ortlisii Tripolifosfat(TPP), calisma, sitotoksisite | nanopartikiil takviyesine gore daha etkili | Musawi
Kitosan, Kapsaisin, degerlendirmesi, yara yara iyilestirme sagladi. vd.,
Altin nanopartikiil, iyilestirme 2020)
Buzlu asetik asit, saf su degerlendirmesi
Yara Polietilenteraftalat SEM, FTIR, Uretilen liflerde toksik bir sonug (Arslan
ortiisii (PET), Kitosan, Artvin sitotoksisite gbzlenmemistir. vd., 2014
Bali, Trifloroasetik asit degerlendirmesi, PET/bal ya da PET/kitosan-bal yara
(TFA) Islanma ve su icerme iyilestirmede iyi birer alternatif olarak
analizi degerlendirilmesi 6rnek gosterilmistir.
Yara Cin Akasya Bali, SEM, FTIR, sisme ve Bal orani arttik¢a nanolif ¢ap1 artmigtir (Tang
ortlisii Polivinil Alkol (PVA), agirlik kaybr testi, ve antioksidan aktivite artmistir, gram vd.,
Sodyum Alginat (SA), Antioksidan ve pozitif bakteriler tizerinde daha etkili 2019)
Saf su antibakteriyel ve oldugu gézlemlenmistir ve biyouyumlu
sitotoksisite bir yara ortiisii oldugu belirtilmistir.
degerlendirmesi
Yara PVA, Sigir Jelatini, FTIR, SEM, Temas Nanolifler iiretilebilmis ve antioksidan (Parin
ortiisti Mugla Cam bali, Asetik acis1 6l¢timii, aktivite gozlemlenmistir. Uretilen vd., 2021
ve Gida Asit, Saf Su Antioksidan aktivite nanolifler gida paketlemede, yara
paketle degerlendirmesi iyilestirme ve doku mithendisliginde
me kullanilabilir.
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Yara Corekotu, Hindistan SEM, FTIR, Anti Antibakteriyel aktivite degerlendirmesi (Uddin
ortiisi Sundarbans Bali, bakteriyel ve sonucunda birgok medikal alanda vd.,
Sarimsak, Sizma sitotoksisite kullanilabilir oldugu belirtilmistir. 2022)
Zeyinyagi, PVA, degerlendirmesi,
Metanol Termal analiz,

absorbans davranisi

Ol¢timii

Tang vd., 2019’ a ait ¢alismanin 6zeti Tablo 3’te verilmistir. Arastirmacilar yara bezi liretmek

amaciyla akasya bali takviye ederek donen silindirli kolektdr {izerine nanolifleri

toplamislardir. Bu ¢alismaya ait sematik ¢izim Sekil 10’da verilmistir.

High voltage
Collector

Syringe pump

1 e i
r mixture

E Electrospinning

SA/PVA stirred for 12 h
aqueou —
solutio 25°C

SA — PVA

O Deilonized

Hone
water Y

Sekil 10 : Akasya Bali/PVA/Sodyum Alginat ile yapilan ¢aligmanin sematik gosterimi (Tang
vd., 2019)

Sekil 11°de Parin vd., 2021’ e ait ¢alismanin sematik gorseli bulunmaktadir. Calismalarinda
PV A/Jelatin ¢ozeltisine farkli oranlarda bal ekleyerek yara ortiisii amagli nanolif liretmisler ve
sonugta iiretilen nanolifli yilizeyin yara oOrtiisii olarak kullanilabilme potansiyeli oldugu

kanaatine varmislar.
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Sekil 11: PVA/Jelatin/Cam bali ile yapilan ¢aligmanin sematik gosterimi (Parin vd.,2021)

(Corekotu 6zii, bal ve PVA ile sarimsak 6zii, PVA, bal ve zeytin yagi ile ayr1 ayr1 iiretimi
yapilan nanoliflerin sematik olarak gdsterimi Sekil 12°de verilmistir. Bu ¢calisma Uddin ve
arkadaslar1 tarafindan 2022 yilinda yapilmistir. Bu calismada yesil elektro lif cekim yontemi
kullanilmasinin 6nemi de vurgulanmistir, ¢iinkli dogada yer alan 6ziitler ile biyouyumlu ve

toksik madde icermeyen bir ¢alisma yapilmistir.

T

Les e
e ) gg_ ~<L " o

—
VA, Honey. & OfF \)\ s i s

| == Tkl :
Taylor cone =
5 aewa®®  Nigella

Nigella extract

Applied high voltage
power supply

Extraction and solution preparation

Wound dressing

-,

o) = ‘

s —
-

-

PGHO PNH
Electrospun nanofibers

Biomedical application

Sekil 12: Corekotu/Bal/Sarimsak/S1zma Zeytin yagl/PVA ile yapilan ¢aligmanin sematik
gosterimi (Uddin vd., 2022)

7.SONUCLAR VE ONERILER

Nano boyutlarda uygulamalar ile elde edilen avantajlar, endiistriyel uygulamalar ile
yayginlastirilip bir¢ok kullanim alani olusturmaktadir. Medikal diizeyde olusturulan uygulama
alanlar1 ise gelecek vadetmektedir. Burada avantajlarindan dolay: elektro lif ¢gekim yontemi
on plana ¢ikmaktadir. Elektro lif ¢ekim teknolojisinin giinden giine gelismesi, ayrica gevreye
ve insan sagligina olan duyarliigin artmasiyla birlikte yesil iiretim/yesil elekro lif ¢ekim
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sistemleri gelistirilmektedir. Buna bagli olarak iiretim parametrelerinde toksik o6zellik
icermeyen, dogal ve uyumlu polimerlerin secilmesi en basta gelmektedir.

Incelenen akademik ¢alismalar 15181nda bal takviye edilerek elde edilen nanolifler {izerine bir
ilginin oldugu goriilmekte fakat calismalarin yetersiz kaldig1 gézlenmektedir. Bu calismalarda
hem yapilmasi gereken analizler hem de kullanilacak olan ¢ozeltinin igerigi ¢ok az degisiklik
gostermektedir. Farkli bolgelerde {iretilen bal cesitleri ile yapilacak bir ¢alisma ve
kullanilacak ilave dogal polimer ve c¢oziiciiler ile yesil elektro lif ¢ekim yontemi
desteklenebilir.

Sadece nanolif boyutlarinda degil, bal takviyeli hidrojel, nanopartikiiller ya da diger
formlardan krem, macun, surup gibi formlar ile de karsilastirilma yontemleri, karakterizasyon
testlerinin yapilmasi ve sonuglari ile ilgili literatiirde herhangi bir calisma bulunamamastir.
Ayni balin kullanilmasiyla birlikte, farkli formlarda {iretilmis {riinlerin karsilastirilmast bir

calisma Onerisi olarak sunulabilir.
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ASFALT KAPLAMALARDA POLIFOSFORIK ASITLI VE SBS KOMPOZIT
POLIMERLERIN FARKLI ORAN VE KARISTIRMA SURELERINDE DUSUK
SICAKLIK PERFORMANS ANALIZI
LOW TEMPERATURE PERFORMANCE ANALYSIS OF POLYPHOSPHORIC ACID
AND SBS COMPOSITE POLYMERS IN ASPHALT PAVEMENTS WITH DIFFERENT
RATIO AND MIXING TIMES

Celaleddin Ensar SENGUL
Dr., Devlet Su Isleri Genel Miidiirliigii, 14. Bolge Miidiirliigii, Istanbul, Tiirkiye

ABSTRACT

In asphalt pavements; the effect of polyphosphoric acid polymers and SBS composite
polymers on low temperature cracking at different ratios and mixing times is investigated.
Low temperature cracking is the main problem. NovoPrene-P and NovoPrene-S polymers are
used in asphalt mixtures with their performance enhancing properties. NovaPrene-P is a liquid
component and contains polyphosphoric acid (PPA). NovoPrene-S is an elastomeric based
polymer modified bitumen additive produced from the combination of different polymers
from the Styrene Butadiene Block Copolymer (SB-BK) family. NovaPrene-S is a diblock,
triblock mixture high molecular weight SB block copolymer. With these additives, it is
ensured that the asphaltene content in the mixture is managed or controlled. In order to
manage the asphaltene issue, rate change should be investigated. The subject of this research
is the investigation of low temperature cracking for different polymer contents. It was
investigated whether lower polymer contents could be used for reinforced polymers in terms
of low temperature cracking for different polymer contents. In this respect, the variation of
low temperature performance was investigated depending on the polymer type. The more
difficult to manage problem in asphalt pavement engineering is the low temperature cracking
problem. Polyphosphoric acid polymers are predicted to improve a polymer synergy in terms
of low temperature cracking resistance. Especially for polymeric materials, the subject of
compositional synergy is one of the primary topics investigated. Polyphosphoric acid (PPA)
has been tested as one of these tertiary ingredients. It is emphasized that the properties of
PPA/SBS modified asphalt mixtures are better than only SBS modified asphalt mixtures. It is
stated that the addition of PPA increases the rigidity of the asphalt mixture and therefore the
high rutting, fatigue and water damage resistance provided at medium and high temperatures
cannot be achieved in terms of cracking resistance at low temperatures. With the addition of
PPA, the ratio of SBS, which has a general usage rate of 5%, can be reduced to 3% in
bituminous binders, thus providing an economic advantage. On the other hand, by using the
sulfur additive, which is cheaper than SBS, as the fourth component (sulfur/PPA/SBS
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modified asphalt), thermal stability can be achieved at high temperatures, the distribution of
SBS in bitumen can be improved, and the low temperature properties of the asphalt mixture
can be improved. For this reason, it is thought that testing PPA-containing NovaPrene
additives in asphalt mixtures at different addition rates will be beneficial in terms of literature,
especially in terms of evaluating the low temperature problem, which has not been clearly
determined in research.

Keywords: Asphalt pavements, polymer with polyphosphoric acid, SBS composite polymer,
low temperature cracking.

OZET

Asfalt kaplamalarda; polifosforik asitli polimerler ve SBS kompozit polimerlerin farkli oran
ve karistirma siirelerinde diisiik sicaklik ¢atlamasi lizerindeki etkisi arastirilmaktadir. Diisiik
sicaklik catlamasi ana sorundur. NovaPrene-P ve NovaPrene-S polimerleri asfalt karigimlarda
performans artirict  6zellikleri ile kullanilmaktadir. NovaPrene-P sivi bilesenlidir ve
polifosforik asit (PPA) icermektedir. Inorganik yapida, yiiksek doygunlukta bir polimer
karisimidir. NovaPrene-S ise Stiren Butadien Blok Kopolimeri (SB-BK) ailesinden farkli
polimerlerin bilesiminden iiretilen elastomerik tabanli bir polimer modifiye bitiim katkisidir.
NovaPrene-S, diblok, triblok karisimi yiiksek molekiil agirlikli SB blok kopolimeridir. Bu
katkilarla karisimdaki asfalten igeriginin yonetilmesi veya kontrol edilmesi saglanmaktadir.
Asfalten konusunun yonetilmesi i¢in, oran degisimi arastirilmalidir. Bu arastirmanin konusu,
farkli polimer igeriklerin farkli oranlari i¢in diisiik sicaklik c¢atlamasinin arastirilmasidir.
Farkli polimer igerikleri i¢in diisiik sicaklik catlamasi anlaminda daha diisilk polimer
iceriklerinin giiclendirilmis polimerler i¢in kullanilip kullanilamayacag: arastirilmistir. Asfalt
kaplama miihendisliginde yonetilmesi daha zor ele alinan problem diisiik sicaklik catlama
problemidir. Polifosforik asitli polimerlerin bir polimer sinerjisini diisiik sicaklik catlama
direnci anlaminda gelistirecegi 6ngoriilmektedir. Ozellikle polimerik malzemeler igin
bilesimsel sinerji konusu arastirilan 6nciil konulardandir. Polifosforik asit (PPA) bu iigiinciil
bilesenlerden birisi olarak denenmistir. PPA/SBS modifiye asfalt karisimlarin 6zelliklerinin
yalmizca SBS modifiye asfalt karisimlara gore daha iyi oldugu vurgulanmaktadir. PPA
ilavesinin asfalt karigimin rijitligini arttirdigi ve bu nedenle orta ve yiiksek sicakliklarda
saglanan yiiksek tekerlek izi, yorulma ve su hasar1 direncinin diisiik sicakliklarda catlama
direnci anlaminda saglanamadig1 belirtilmektedir. PPA ilavesi ile genel kullanim orani %5
mertebelerinde olan SBS’in bitiimlii baglayici igerisindeki orant %3’ seviyelerine kadar
diistiriilebilmekte ve boylece ekonomik avantaj saglanabilmektedir. Diger yandan, SBS’e gore
daha ucuz olan siilfiir katkisinin da dérdiincii bilesen olarak (siilfiir/PPA/SBS modifiye asfalt)
kullanilmas1 ile yiiksek sicakliklarda termal kararlilik saglanabilmekte, SBS’in bitiim
icerisindeki dagilimi gelistirilebilmekte ve asfalt karisimin diisiik sicaklik ozellikleri de
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gelistirilebilmektedir. Bu nedenle, PPA igceren NovaPrene katkilarinin asfalt karigimlarda
degisik katilma oranlarinda denenmesinin literalir agisindan yararli olacagi, 6zellikle
tartismali olan diisiik sicaklik probleminin degerlendirilmesi anlaminda yarar saglayacagi

diistiniilmektedir.

Anahtar Kelimeler: Asfalt kaplamalar, polifosforik asitli polimer, SBS kompozit polimer,
diisiik sicaklik ¢atlamasi.

INTRODUCTION

Because of heavy loads and increased traffic volume, modification of asphalt binder with
different types of modifiers has become very common recently to enhance the asphalt
pavement service life (Hossain & Wasiuddin, 2019). Polymer modification of asphalt binders
has increasingly become the norm in the construction of modern asphalt pavements. Styrene
butadiene styrene (SBS) is the widely used polymer for bitumen modification (Yildirim,
2007). Former studies have shown that the strength of mixtures against rutting, fatigue, and
moisture damage increases after utilizing SBS in the bitumen modification (Kok et al., 2013).

The content of polymer is usually in the range from 2 to 5% by weight of bitumen; a higher
content of polymer is considered to be an economic disadvantage (Jaso et al., 2015). SBS is
an elastomeric block copolymer. It has three chains: polystyrene, polybutadiene, and
polystyrene. Polystyrene is a tough, hard plastic which gives durability and stiffness and
polybutadiene gives rubbery properties. Polymer and maltenes control the low temperature
properties of SBS modified asphalt binder. At high temperature, SBS modified asphalt binder
shows the highest recovery on strain with non-recoverable creep compliance (Al-Adham &
Wahhab., 2015)

In the case of incorporation of thermoplastic elastomers into asphalt, the butadiene phase
of copolymer becomes swollen with the absorption of oil fractions (i.e., maltenes).
Consequently, the original volume of the polymer increases by about 4 to 10 times. This
phenomenon is the key to the development of a three-dimensional polymeric network in an
asphalt blend, with the SBS passing elastomeric properties to the whole blend and
maintaining its melting ability at high temperatures. There is a main disadvantage with the
partial miscibility of these polymers. This negative aspect leads to limited compatibility of the
polymer modified asphalt (PMA) with the polymer having a tendency to separate from the
asphalt when stored at high temperatures without stirring (Jaso et al., 2015).

Besides the polymer modification, polyphosphoric acid (PPA) has been used as a means of
producing modified binders for the last 30 years, and the interest to use it has increased in
recent years (Asphalt Institute, 2005).
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PPA is an inorganic polymer of orthophosphoric acid (HsPOas). PPA raises both the saturates
and asphaltenes at the expense of the cyclics and resins. As saturates convert into asphaltenes,
asphaltenes increase and molecular weight (Mw) decreases. PPA affects the dispersed phase
and the matrix of asphalt and as a result the two main phases in asphalt stiffen (Baumgardner
etal., 2005; Ye & Fu, 2014).

As arule of thumb, the introduction of a small amount of PPA (0.5 wt.%) can change the
temperature and aging resistances of straight run asphalts, by reacting with the destabilizing
components formed during thermal processes (Edwards, Tasdemir and Isacsson, 2006).The
same authors observed that the addition of PPA made asphalt stiffer at low temperatures,
although to a lesser extent than with the addition of waxes. The positive effect on rutting
parameters by increasing stiffness at higher temperatures was also discussed. The resistance to
aging is also among the advantages of PPA modified asphalt binder (Daranga, 2009).

PPA changes the high service temperatures of asphalt, while the low service temperatures of
such binders remain mostly unchanged. The main reason for the modification of asphalt with
PPA is the limitation of the amount of polymer needed for improved processing conditions,
viscosity at high temperature and storage stability. The value of the temperature parameter
(| G*|/sind) can be increased further with almost no effect on the minimum service
temperature (Hampl et al., 2015).

Since the early 1990s, PPA has also been used in combination with various polymer modifiers
to enhance the quality of paving asphalts. The elastomeric polymer of SBS is the commonly
used polymer in combination with PPA. The intention of adding PPA to the SBS-modified
binders is to reduce their polymer content, which leads to modified asphalt binders with lower
modification costs and enhanced rheological properties (Xiao et al. 2014). Therefore the
combination use of SBS and PPA has been very popular worldly in the preparation of asphalt
pavement material (Zhang et al., 2021).

PPA/SBS MODIFIiED BITUMEN PREPARING METHOD

The suitable addition of PPA improved the high-temperature properties of base asphalt
evidently without negative effect on the low-temperature behaviour. The better rutting
resistance of PPA/polymer modified asphalt and its mixture are reported in many publications
and the reasonable PPA content in asphalt should be 0.5-1.1% (Dong, 2018).

PPA is more effective when SBS modified binder is used for PPA modification. Several
researchers investigated PPA and SBS modified asphalt binders separately and in
combination. Results indicated that PPA modification provides better results when it is added
with SBS modified asphalt binder. As indicated above, PPA increases the creep recovery and
the non-recoverable creep compliance, but the effects of PPA are not significant at low
temperatures and SBS modification helps in this regard (Domingos & Faxina, 2014).
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The maximum speed of the high shear mixer needs to be set at 4000 rpm at any set
temperature at or below 200 °C to control the temperature during mixing (Hossain &
Wasiuddin, 2019). In a study, bitumen was heated to 170 + 5 °C. After that, SBS was added
to shear at 5000 rpm for 40 min (adding the sulfur flour stabilizer at last 10 min for control
group), then PPA was added to shear at the same speed for another 30 min. SBS was used at
the rates of 2.5%, 3% and 3.5%. In decreasing proportions of SBS, PPA was used at 0.5%,
1%, and 1.5%, respectively (Yang et al., 2022).

The changes in chemical compositions due to the modifications of selected asphalt binders
with Polyphosphoric Acid (PPA) and Styrene Butadiene Styrene (SBS) were examined.
Arabian and canadian bitumens were selected and PPA/SBS modified bitumens prepared. PG
64-22+0.5% PPA +2.00% SBS and PG 64-22 +0.75% PPA +2.00% SBS composite
materials were prepared. It is concluded that PPA modification is good at lower dosage levels
and even better with polymers combined. The maximum level of PPA modification should
never cross the optimum level rather it is better to stay lower than the optimum (Alam &
Hossain, 2017).

In a research, PPA/SBS modified bitumen was prepared using a high-speed shearing machine.
First, the base bitumen was heated to 140 °C while blended with the set amount of furfural
extract oil and stirred evenly. The uniformly stirred bitumen was then placed in a heating
device for heating to 160 °C, and the set amount of DBP was added during uniform stirring.
After that, the temperature was increased rapidly to 175 °C, and the SBS modifier was added
during full, uniform stirring and allowed to swell for approximately 10 min. Then, add the set
amount of PPA into the swelling, modified bitumen, use the high-speed shear to shear for
30 min at a speed of 5000 r/min, control the temperature at approximately 175 °C, and then
add the set amount of stabilizer and continue mixing for 10 min. Finally, the prepared
PPA/SBS modified bitumen product was developed continuously for 2.5 h. (Li et al., 2021).
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Figure 1. Adhesion index of PPA modified bitumens (Li et al., 2021).

The effect of base bitumen type, PPA type and raw materials content on the adhesion
performance of polyphosphoric acid compounded SBS (PPA/SBS) modified bitumen was
evaluated quantitatively using the contact angle test and surface free energy method. Three
different bituminous materials, two types of PPA, SBS, stabilizer, compatibilizer and dibutyl
phthalate (DBP) were used as raw materials to prepare PPA/SBS modified bitumen. The
results indicate that the water damage resistance of SBS modified bitumen can be improved
by adding PPA, but when the content exceeds a certain value, the water stability of PPA/SBS
modified bitumen becomes worse. Increasing the content of PPA decreased the cohesion
work, adhesion work and compatibility rate of PPA/SBS modified bitumen, while the peeling
work increased. When the amount of extracted oil and SBS modifier are increased, the
cohesion work, adhesion work and compatibility rate of PPA/SBS modified bitumen
increased first and then decreased, whereas the peeling work decreased first and then
increased. When the PPA content is 0.5%, and SBS content is 3.5%, the water damage
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resistance of PPA/SBS modified bitumen is the strongest. The economic benefits are also
considerable when using this material composition for PPA/SBS modified bitumen (Li et al.,
2021).

Table 1. Modification parameters and modifier ratios used in some studies in the literature

SBS PPA | Mixing time Mixing Shearing | Reference
ratio |ratio temperature |speed
(%) |(%) (°C) (r/min)
4.0 0.8 SBS-bitumen one hour wit high shear mixer and PPA- | 180-190 8000 (Zhang et
SBS modified bitumen 2 hour with mechanical mixer al., 2021).
2.0 0.5, PPA/SBS modified bitumen was mixed for one minute | 100 Manuel |(Alam &
0.75 | with a stirring rod at 100 °C and put inside an oven mixing | Hossain,
heated at the 100 °C temperature for 10 min. Mixing 2017).
repeated two more times to complete the blending
process.
2.8 0.4, SBS-bitumen was stirred at 160 °C for 2 h, and then 170 5000 (Maetal.,
0.8, mixed further at 165-170 °C by a high-speed shearing 2021).

1.2, machine at a speed of 5000 rpm for 45 min. PPA was
1.6 added, using a high-speed shearing machine for 20
min. Place the mixtures in the oven at 170 °C for 60

min.
2.5, 0.5, Bitumen was raised to 170 + 5 °C. After that, SBS was |170 5000 (Yang et
3.0, 1.0, added to shear at 5000 rpm for 40 min, then PPA was al., 2022)
3.5 15 added to shear at the same speed for another 30 min.

Finally, the prepared composite modified asphalt was
put into a vacuum drying oven, swelled at 170 °C for 1
h, and the bubbles were eliminated.

2.5, 0.5, SBS modification: bitumen was raised to 170+ 5 °C | 170 5000 (Liu etal.,
3.0, 1.0, with continuous stirring, then SBS was added and 2022)

35 15 sheared at 5000 rpm for 40 min, and the stabilizer
(sulfur flour, 0.2% of binder by weight) was added in
the last 10 min;

PPA modification: PPA was added and sheared at
5000 rpm for 30 min (SBS control group shear for 30
min without PPA addition); Swelling development: the
prepared composite-modified BMA was placed in a
vacuum drying oven at 170 °C for 1 h.

3 0.4, First, base asphalt were poured into a steel container | 160 4000 Liu, Zhou
0.8, when it heated to fluid state at 160°C; then a certain & Peng,
1.2, amount polymers (3.0 wt% SBS ) were slowly mixed 2020)

1.6 into asphalt at the speed of 4000 rpm for 40 min, after
that PPA was added into these blends at the speed of
4000 rpm for 40 min. The PPA and polymers modified
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asphalt were prepared in the lab through a high-speed

shear mixer
0.5, 2 PPA is mixed and then SBS is mixed with PG 64-22 |180 4000. (Hossain
2.0, binder. The speed of the high shear mixer is set to &Wasiudd
3.5 2,000 rpm. Mixing of PPA is done in two stages: first, in, 2019)

the PPA is mixed with a mechanical mixer for

15 minutes; second, the mixed sample is sheared at
180°C for 30 minutes. Then 0.5%, 2%. and 3.5% SBS
by weight of PG 64-22 are mixed with the 2% PPA
modified PG 64-22. SBS is mixed with the base binder
by a mechanical mixer for 15 minutes and then sheared
for two hours with a high shear mixer at 180°C. The
speed is set to 4,000 rpm.

4.0 0.2 SBS was gradually added to the melted bitumen under | 180 5500- | (Rossi et
a high-speed shear mixer of 5500-6000 r/min. The 6000 al. 2015)
mixture was stirred by a mechanical stirrer at 180 °C
for 2 h while the rotation speed of mechanical stirrer
was 300 r/min. The PPA was added to polymer
modified bitumen at a level of 0.2% by weight at 180
°C. The mixture was heated and maintained at 180 °C
and continuously mixed at 5500-6000 r/min for 30
min in a closed beaker to avoid any oxidation process.

3.0, 0.75 Polymer modifier was blended stirring for 10 min to 160 4000 (Liuetal.,
2.5 obtain (sbs mod. bit.) before shearing at a speed of 2018)
4000 r/min for 60 min at 175-180 C (for SBS
modified). For composite modified binder, sheared for
30 min at the speed of 4000 r/min, under 160 C to
produce PPA + SBS.

35 0.5, Base asphalt was heated up to 180°C; solubilizer and | 160 4000 (Lietal.,
1.0, SBS-modifying agent which accounted for 3.5% of 2019)
1.5, base asphalt mass were added. high-speed shearing
2.0 emulsifying machine was used to operate at the speed

of 4000 r/min for 40 min, and then stabilizer was
added to shear for 5 min. It was put into a constant
temperature oven at 160°C to grow for 1.5 hours. )en,
PPA which accounted for 0.5%, 1.0%, 1.5%, and 2.0%
of asphalt mass was added to it to be sheared at the
speed of 1000 r/min for 10 min.

unspec | 0.5, The PPA modifier was added into the SBS-modified |190 4000 (Duetal.,
ified |1.0, asphalt at 0.5%, 1.0%, 1.5%, and 2.0% of the weight 2020)
1.5, of SBS-modified asphalt. The modified asphalt binders
2.0 were prepared in a high-shear mixing instrument at

around 190°C and at 4,000 rpm. After mixing for
about 30 min, the modified asphalt binders were used
for testing.
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When the content of PPA is 0.5%, the cohesion work, adhesion work and compatibility rate of
PPA/SBS modified bitumen are the largest, and the peeling work is the smallest. These results
may be attributed to the chemical reaction between PPA and SBS modified bitumen. After
adding a certain amount of PPA, the content of aromatics and resin changes drastically, which
leads to the change in adhesion performance of SBS modified bitumen. Beyond this amount,
the continued addition of PPA does not produce the ideal benefits (Alam & Hossain, 2017).

MORPHOLOGICAL PROPERTIES OF PPA/SBS MODIFIED BITUMENS

PPA and sulfur as the major modifiers in improving the high-temperature performance or
storage stability of SBS- and SBR-modified asphalt have been used widely in practice (Zhang
& Hu, 2013). Asphalt binder modified with SBS polymer was investigated and observed that
aging causes both oxidation and SBS degradation. After aging, the colloidal instability index
values increase for both the base binder and the SBS. Aging lowers the aromatics content and
simultaneously increases the resins and asphaltenes contents, with insignificant change in the
saturates contents. These types of changes have occurred because of the oxidation of asphalt
binder and chemical reaction between the binder and SBS (Dehouche, Kaci and Mokhtar,
2012).

Due to the gelation of PPA, the aromatics content declines and the boundary layer between
polymer and asphalt is destroyed to some extent and becomes very poor, so it would not be
possible for the polymer particles to be swelled fully in the asphalt and the storage stability of
the SBS-modified asphalt declines further by the addition of PPA. However, the storage
stability of SBS-modified asphalt is improved significantly with the addition of sulfur.
By chemical crosslinking, the polymer moleculesare connected with each other
by polysulfide bonds, a continuous polymer network is formed. In this process, the polymer
molecule chain is spreaded out fully, the morphology changes greatly from the coarse particle
to the filamentous polymer network, therefore the contact layer between polymer and asphalt
increases further and the boundary layer becomes fine, the compatibility of the PMAS is
improved obviously. The morphology of the SBS/PPA modified asphalt changes little
compared to the SBS-modified asphalt, showing the poor compatibility between the polymer
and asphalt (Figure 2). However it is still possible for the SBS modified asphalt to be stable
by the addition of the proper amount of PPA and sulfur (0.5% PPA, 0.1% sulfur), and the
filamentous polymer network is formed by chemical crosslinking.

Proceedings Book 107 www.aegeanconference.com




INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

Figure 2. The morphology of the base and modified bitumens: (optical microscopy) at a
magnification of 400. (a) The SBS modified bitumen (b) The SBS/PPA modified bitumen (c)
SBS/PPA/sulfur modified asphalt. (Zhang & Hu, 2013).

Effects of PPA on high-temperature performance, temperature susceptibility, and anti-aging
performance of SBS- PPA modified asphalt binders were evaluated. The addition of PPA
enhanced the asphalt’s resistance to temperature susceptibility. In addition, PPA played a
significant role in improving asphalt performance at high temperatures. It indicated that the
substitution of SBS polymers with PPA could enhance the binder’s resistance to permanent
deformation and temperature sensitivity, with a PPA content between 0.4% and 1.6%. Also,
the increased G*, failure temperature and R, and the decreased VTS and Jnr all indicated that
a substitution of 5% SBS with 1.6% PPA-SBS was feasible. Due to the degradation of SBS
polymer in the aging process, the PPA-SBS composite modified asphalt performed better after
aging when the dosage of PPA increased, leading to the question of what is the optimum PPA
content in real life considering both the cost and performance. After evaluating
comprehensively the high-temperature performance, thermal-sensitivity and elastic recovery,
the optimal content of PPA in PPA-SBS composite modified asphalt was considered between
0.8% and 1.2% (Ma aet al., 2021).

PPA can improve the high-temperature performance of the SBS-modified asphalt evidently
but decline the storage stability. Owing to the gelation of PPA, the phase separation of SBS
becomes more serious. Sulfur can improve the storage stability and high-temperature
performance of SBS-modified asphalt by chemical crosslinking. Because the compatibility
between SBR and asphalt is very fine, so it is possible to modify further only by the addition
of PPA and the PPA content is 2 wt%. For the SBS1301-modified asphalt, the compatibility
between asphalt and SBS is modest. In the process of improving the storage stability
by vulcanization, it is reasonable to improve the high-temperature property further before and
after ageing by the addition of PPA, the content of sulfur and PPA is 0.1 wt% and 0.5 wt%
respectively (Zhang & Hu, 2013).

MECHANICAL PROPERTIES OF PPA/SBS MODIFIED BITUMEN AND ASPHALT
MIXTURES

The stiffness of asphalt binders can be increased by adding polyphosphoric acid (Gao et al.,
2021). 0.1 to 0.5 wt% of PPA acts as a stiffener and cross-linker when combined with SBS
and reactive terpolymers (Olabemiwo et al., 2016). PPA facilitates resistance to aging
for RTFO and PAV aged SBS modified binder, and thereby the combination of PPA and SBS
polymer had better short-term aging resistance (Gao et al., 2021). There is a synergistic
effect between SBS and PPA, resulting in improved stiffness and elasticity.
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However, in some studies, it is stated that the low temperature properties of SBS modified
bitumen are improved with the addition of PPA. In a study study, a PPA acid modifier was
added to SBS-modified asphalt to improve low-temperature behavior. Fractional
viscoelasticity model was used to describe the BBR results and calculate the damping
ratio £& and the dissipation energy ratio oo of the different asphalt binders. The addition of
PPA to SBS-modified asphalt binder altered its molecular structure and increased the
stickiness at low temperatures. However, the structural changes were significantly restricted
by the temperature. FTTR spectroscopy showed differences in the functional groups in the
modified asphalt binders compared with the SBS-modified asphalt. There was indeed a
reaction between the PPA modifier and the SBS-modified asphalt binder. The chemical bond
ratio showed that the modifier significantly improved the low-temperature performance of the
asphalt binders, within a certain range of PPA concentration. However, the effect was reduced
or remained stable when the PPA content continued to increase (Du et al., 2020).

Changes in rutting and fatigue resistances of the PG 58-22 asphalt binder modified with SBS
due to partial replacements of the SBS with the PPA additive were investigated. The MSCR
and LAS tests were used to determine the rutting and fatigue characteristics of the binders,
respectively. The complex modulus test was also used to relate the test results of the binders
to the mixtures’stiffness parameter. The SBS content of the SBS binder and the PPA content
of the SBS+PPA binders were kept constant at 6 and 1%, respectively. Two different SBS +
PPA binders were investigated, for which the SBS contents were determined to be 2 and 4%
as well as to have the same continuous PG and the same rotational viscosity (at 135°C) as the
SBS binder, respectively. Based on the results of Jnr and R values at the nonlinear stress
levels, it was found that the SBS4+PPA1- and SBS2+PPA1-modified binders have the highest
and lowest rutting resistance, respectively. Rutting and fatigue resistances of the SBS-
modified binder prepared by adding the SBS additive to the PG 58-22 base binder improve
through partial replacement of the SBS with PPA such that the viscosity of the SBS binder is
not changed. Although the results of the MSCR and LAS tests were found to be in good
agreement with the stiffness parameter of the mixtures (Jafari, Babazadeh and Rahi, 2017).

Studies were carried out to examine if the addition of PPA will alter the thermal stability of
SBS-MBs during storage, where the presence of air is limited. The addition of 0.4 wt% PPA
reduces the rate of erosion in SP by = 50 % after 14 days of storage. Similarly, the
deterioration in & and n* reduces considerably in the presence of PPA. PPA successfully
reduced property erosion during storage. To understand the interaction of PPA with binder
and SBS modified binder, FT-IR analysis was carried out for the pure PPA, fresh SBS-MB
with and without PPA, and 14 days stored SBS-MBs with PPA. A strong peak (P-O-P
stretching) at 1012 cm™ is observed for the PPA molecule. The PPA peak is still present in
the SBS-MB, even though only 0.4 wt% of PPA was added in the SBS-MB. The presence of
the PPA peak in the SBS-MB around 1000 cm™* indicates the interaction between PPA and
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SBS molecules. Hence, the PPA molecules interact with the C bond in the butadiene segment,
making it more thermally stable. In general, the proton released by PPA stabilizes the charge
by resonance. Considering that aspect, the erosion rate during thermal storage reduces due to
the arrest of SBS molecules by protons from PPA (Singh, Pandey and Ravindranath, 2022).

80
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(a) o (b) 1ok (c) L-SBS: 4.5 wt.%
851 70
O=O=O=0O~O~

~ nl he o0~ ., 08f
¢ & g %
S sl 3 60F o 2
£ E off 80 S 06}
s 70k o K Without PPA kg
£ 2 o ***)(-xzx Py
E = 50 = Pa &
g sl £ H AAAAﬁf,oog% 04l
&z g Poooo® =

<l ——( day é [

Additives used 40 =O 3days & 0.2} Additives used
i - & 7days A
5 —o— 04 % PPA w14 :;::5 S i 10 100 —0—04 % PPA
—{— Without PPA y o (rad/s) —{— Without PPA
50 L L L 1 L R 1 L L 0.0 1 1 L L 1
0 3 6 9 12 15 0.1 1 10 100 0 3 6 9 12 15
Storage Time (Days) o (rad/s) Storage Time (Days)

Figure 3. Some properties of SBS modified bitumens with and without PPA (a) Softening
point (SP), (b) Phase angle (5), and (c) Normalized (n*) (Singh, Pandey and Ravindranath,
2022).

Creep response of PPA modified asphalt binders (base and polymer modified) and mixtures at
intermediate and low temperature were investigated. BBR, TSRST were applied to evaluate
creep at low temperature. Modified penetration test was proposed for intermediate
temperature. Addition of PPA slightly decreased creep stiffness of both base and polymer
modified asphalt binder before aging. While creep stiffness of binders cooperating PPA
increased after aging (long and short term) when compared with binders without PPA.
Modified penetration test indicated that creep rate of binder started at a lower point when
indention contacts happened, and its relationship with contact stress was well fitted through
modification of Norton function. Besides, creep rate change at intermediate temperature was
slower after adding PPA, especially for base binders whose creep rate declined a lot. In tensile
stress restrained specimen test (TSRST), addition of PPA improved fracture strength and
accelerated viscoelastic-elastic transition as well as weakened stress relaxation, which is
undesired for low-temperature loading. Samples cracked earlier and faster within a small
temperature range. Thus it possibly had negative effect on low temperature performance of
asphalt mixtures and PPA is more applicable in SBR and SBS modified mixtures than base
ones with respect to low temperature performance (Liu et al., 2018). The literature indicates
that PPA improves the high-temperature rheological properties of asphalt binders with only
minor effects on their properties at low temperatures (Jafari & Babazadeh 2016).

Due to the lower cost of PPA, the use of it in the preparation of SBS modified asphalt declines
the SBS content to a great extent. Therefore, the great cost performance of PPA has been
approved widely nowadays (Zhang & Hu, 2013).
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The advantages described above can be achieved by adding PPA to SBS modified asphalt
binders. Adding the PPA component to the asphalt binder separately causes labor and time
loss. In this sense, testing the PPA/polymer additives developed as composites, for example
NovaPrene additives, and expanding the subject in different addition conditions and rates are
considered important especially in terms of the low temperature performance of the asphalt
mixture.

CONCLUSIONS

In road pavement engineering, polymer modified asphalts are preferred more and more in
order to meet the increasing stresses on the roads. Among the polymer asphalt additives, SBS
is among the most widely used agents. SBS modified asphalt mixtures highly meet
expectations such as rutting, fatigue and water damage resistance. However, SBS modified
bitumen has some disadvantages such as high cost and storage stability.

With the latest technological developments, researches are carried out to further increase the
performance of SBS modified asphalt mixtures. These researches are generally focused on
producing composite materials with multiple additive applications and producing synergetic
benefits. PPA/SBS modified asphalts can be presented as an example of composite materials.
It is understood that the mechanical properties of asphalt mixtures can be improved at
medium and high temperatures by adding PPA to SBS modified asphalts. However, there are
recommendations that the addition of PPA is ineffective or has a negative effect due to the
increased stiffness of the mixture at low temperatures.

Sulfur addition is recommended as a solution in order to prevent the ineffectiveness or
negative effect of PPA addition at low temperature.

It is emphasized that the cost of PPA is lower than SBS, and the cost of asphalt mixture can
be reduced by substituting PPA for SBS. In PPA/SBS/bitumen modification, the most
effective rates for PPA can be given between 0.5% and 1%. 0.5% is more preferred. The SBS
rate can be reduced from 5%, which is the common usage rate, to 3.5%.
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ASFALT KAPLAMALARDA iSLENEBILIiRLIiK ARTISI iLE HIZLI SOGUMAYLA
OLUSAN DAYANIM KAYIPLARININ ONLENMESI
PREVENTION OF STRENGTH LOSSES CAUSED BY RAPID COOLING WITH
INCREASED WORKABILITY IN ASPHALT PAVEMENTS

Celaleddin Ensar SENGUL
Dr., Devlet Su Isleri Genel Miidiirliigii, 14. Bolge Miidiirliigii, Istanbul, Tiirkiye

ABSTRACT

Low temperature cracking in asphalt pavements is one of the major pavement problems.
Although problems such as water damage and rutting problems can be managed to a great
extent with additives, the management of the low temperature problem is foreseen as a more
complex problem. Compaction losses and problems may occur due to rapid cooling during
pavement production. This means strength loss. In addition, the application of high
temperatures can increase the level of damage, for example, gas incense in tunnel pavement
courses. It is evaluated that some amine-derived chemicals improve the workability
conditions of the mixtures. In this research, it is aimed to investigate the degree of
improvement of the workability conditions of the selected amine type chemical additive
(Pawma).

Keywords: Asphalt pavements, low temperature cracking, Marshall test, workability,
cooling.

OZET

Asfalt kaplamalarda diisiik sicakliktaki ¢atlamalar en 6nemli kaplama problemlerinden biridir.
Su hasar1 ve tekerlek izi gibi problemler katki maddeleri ile biiylik dlgiide ¢oziilebilse de
diisiik sicaklik probleminin yonetimi daha karmasik bir problem olarak Ongoriilmektedir.
Ustyapr iiretimi sirasinda hizli soguma nedeniyle sikistirma kayiplarr ve sorunlari meydana
gelebilir. Bu dayanim kaybi anlamina gelir. Ayrica, yiiksek sicakliklarin uygulanmasi,
ornegin tlinel kaplama tabakalarinda bitlim dumani salinimini, hasar seviyesini artirabilir.
Bazi amin tirevi kimyasallarin karisimlarin islenebilirlik  kosullarimi  iyilestirdigi
degerlendirilmektedir. Bu arastirmada, seg¢ilen amin tipi kimyasal katki maddesinin (Pawma)

islenebilirlik sartlarindaki iyilestirme derecesinin arastirilmasi amaglanmastir.

Anahtar Kelimeler: Asfalt kaplama, diisiikk sicaklik ¢atlamasi, Marshall testi, islenebilirlik,
soguma
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INTRODUCTION

It is extremely important that asphalt mixes are compacted in situ as designed. Homogeneity
issues and internal friction management are important for performance. In order to manage
this issue, additive alternatives and constructive studies are carried out. In this context, it is
understood that machinability-oriented contributions are and will be effective in performance
management.

It is known that even a decrease in temperature values by 1°C can significantly change the
measured performance value. It is known that the effect of these temperature drops creates
more negative conditions than expected in the context of the relativity level of the void values
formed in the field due to compression. Therefore, it is extremely important to improve the
machinability and surface positivity conditions in order to ensure effective compaction at
lower possible temperatures.

While the main problems such as water damage and rutting can be managed with additives,
low temperature cracking problems seem more difficult to manage and show a more
professional approach.

Especially design-related problems and unavoidable aggregate angularity and segregation
problems make the problem more dramatic in the low temperature context.

In this study, the use of Pawma additive, whose workability-oriented feature is specified, as a
domestic product in this sense, with extensive literature research, is presented as a synthesis
study. A comprehensive literature study has been carried out and the literature on the Pawma
contribution is given in this context. In addition, studies will be carried out with the
experiments determined at this reporting point in the future. As stated in the literature, it is
foreseen that an important field performance gain will be created with this directional
function.

EVALUATION

The asphalt industry is striving to lower the mixing and compaction temperatures of the
asphalt mix due to increased emissions, energy costs and workability. The production of
Warm Mix Asphalt (WMA) is concerned with increasing the aggregate-bitumen composition
and providing the appropriate viscosity of the bitumen for compaction and application of the
mixture at low temperatures. The important advantages of Warm Mix Asphalt (WMA) are
lower energy consumption, less pollution and workability. In general, the production
temperature of the asphalt mixture depends on the characteristics of the asphalt. The effects of
a certain amount by weight of Pawma, the selected warm mix asphalt additive, on the
viscosity were evaluated in the Brookfield Rotational Viscometer device. In addition, the
penetration and softening point measurements of the bitumen were obtained. The reduced
viscosity of the bitumen will increase the production, workability and compaction of the
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mixtures. In addition, the softening point and penetration values, the change in the sensitivity
of the asphalt to temperature changes and the change in the road temperature of the asphalt
are also in question. Asphalt mixtures can be applied at longer distances by reducing the
cooling rate, and time can be saved in road construction. Pawma additive shows that the
viscosity decreases, softening point and penetration value increase at the same rotation speed
when additives are used. This will enable the road to be opened to traffic more quickly with
the rapid results of the application (Sahin & Ipek, 2019).

As a WMA additive, PAWMA was used for bitumen modification. PAWMA Warm Mixture
Asphalt Additive is a type of amidoamine derivative produced by Istanbul Teknik. The
chemical definition is defined as the hydrated alumina silicate of alkali metals and used before
blending with bitumen. The bitumen temperature is not changed for the mixture but the

mixture is prepared by decreasing the aggregate temperature by 30°C. The amount of use is
between 0.2% and 0.5% of the bitumen weight. PAWMA was produced with amine
compounds as well as peel inhibitor additives. It affects the structure of bitumen in a positive
way and can not be said that the chemical properties of bitumen. It can increase peel strength
and indirect tensile strength of asphalt (Istanbul Teknik, 2022-a).

Figure 1. Pawma additive (istanbul Teknik, 2022-a).

Tablo 1. Pawma technical properties (Istanbul Teknik, 2022-a)

Properties Unit
Structure Amidoamine derivative

Physical appearance at 20 °C | Liquid

Colour Yellow - Orange

Intensity 0.93+0.2 g/cm3
Ph 7-8

Flash point >150 °C
Viscosity at 25 °C 150 mPas
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The additive feature is defined in the technical information given by the manufacturer. Energy
savings are achieved due to low mixing temperature. Resources are used efficiently. A safe
working environment is provided for worker health in the tunnels. In the time between laying
and compaction, asphalt remains better workable. It does not spoil the chemical structure of
asphalt, does not reduce the softening point of bitumen and does not cause rutting. Reduces
aging of bitumen due to low production temperature. It offers application convenience. More
efficient compression is achieved. Due to the low gas emission, the negative effects on worker
health and the environment are reduced. Low operating temperature allows more comfortable
and careful use of asphalt plant and machinery. It reduces work accidents. PAWMA is
compatible with TeraGrip anti-stripping additive. If used together, the amount of TeraGrip
can be reduced by up to 30% (Istanbul Teknik, 2022-a).

Table 2. Stripping performance values at different pawma additive ratios (istanbul Teknik,
2022-a).

Stripping Strength Test, % Test KTS 2013
Limits (Part 403- | Standard
results
411)
Pure AC 50/70 with Bitumen TS EN 12697-11
35-40 >60
(app-A)
With AC 50/70 Bitumen and 0.3% Pawma TS EN 12697-11
. 95-100 | >80
Additive (app-A)
With AC 50/70 Bitumen and 0.5% Pawma TS EN 12697-11
. 95-100 | >80
Additive (app-A)

Table 3. Adhesion test performance values at different pawma additive ratios (istanbul
Teknik, 2022-b).

Adhesion Test (with Vialit Method) Number Test KTS 2013
of Gravels Falling, % results Limits (Part 403- | Standard
411)
Pure AC 50/70 with Bitumen TS EN 12697-11
30 <10
(app-B)
With AC 50/70 Bitumen and 0.3% Pawma 8 - TS EN 12697-11
Additive - (app-B)
With AC 50/70 Bitumen and 0.5% Pawma g - TS EN 12697-11
Additive - (app-B)
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The results of the Indirect Tensile Strength (ICM) Test with Bitumen without Additives at
140°C and the Indirect Tensile Strength (ICM) Test with 0.5% Additive (Pawma) at 140°C;
shows that this value has increased from 82.6 to 86.7 (istanbul Teknik, 2022 b). This value is
evaluated as the additive increases the resistance to water damage as in stripping and vialite
tests, and improves the workability conditions even at lower temperatures by creating an
increase in performance in the mechanical test.

Pawma-1 is a liquid warm mix asphalt additive produced in our country and added to
bitumen. It was used in field experiments and gave positive results (Kim et al., 2014).

The rheological and microstructural properties of chemical and wax warm additives in
bituminous mastics with a recently launched additive named as PAWMA was evaluated.
Then, outcomes of PAWMA concluded and compared with the results of Zycotherm and
Sasobit modified bitumen along with properties of conventional wax additive. Furthermore,
modified and unmodified bitumen's properties were checked and assessed by using standard
testing Methodologies. The dynamic shear rheometer (DSR) test was done by using The
Strategic Highway Research Program procedure for unaged and aged modified bitumens at
moderate in-service temperatures ranges from 16 to 34 °C and at higher temperatures between
46 and 82 °C respectively. A bitumen penetration grade of 60/70 had been used as the
indication binder in the production of mastic and bitumen specimens. In the preparation of
limestone powder and mastics, were added by weight of bitumen to the base bitumen around
60%. Three different warm admixture contents including 0.2, 0.4 and 0.6% for PAWMA, 1, 3
and 5% for Sasobit, and mastics to Zycotherm at the concentrations of 0.07%, 0.10% and
0.15% were added as per weight of bitumen. In conclusion, although there was reduction in
the mixing temperature for warm mastics, PAWMA displayed comparable rheological and
micro-structural properties to reference mastic's properties. In terms of catana-phase structure
and topography roughness of micro structural properties these were, apparently altered by
Sasobit. The usage of the aforementioned proportions of chemical additives had not a notable
influence on the nano-scale structure and AFM topography as compared to reference mastic
(Mansoori & Modarres, 2020). It is understood that economic gains will be achieved by
lowering the mixing temperatures.

Stability and ITSM values increased in warm mix asphalts, but tensile strength and creep
modulus values were found to decrease. With the addition of hydrated lime, the tensile
strength and creep performances of warm mix asphalts increased and results close to the
control samples were obtained. While the Pawma-1 additive increased the fatigue strength
slightly, the Leadcap additive decreased it a small amount. Fatigue performances of Leadcap
modified mixtures were improved with lime additive. It would be beneficial to use hydrated
lime additive together, as it has been seen that positive results were obtained in all tests
applied to Leadcap modified mixtures. In Pawma-1 added mixtures, hydrated lime negatively
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affected the indirect tensile stiffness modulus and fatigue performance, while it had a positive
effect in other experiments. SBS modified mixtures with hydrated lime were found to give the
best results (istek, 2017).

The impacts of WMA additives (such as Sasobit®, Zeolite®, PAWMA®, and Kaowax®) and
recovered asphalt pavement (RAP) materials on the mechanical and durability performance of
HMA were investigated by (Mansoori & Modarres, 2020). As control mixtures, the
characteristics of WMA & HMA containing 50% RAP were evaluated. Following that, the
impact of WMA additions on the characteristics of each kinds of mixes with or without RAP
were studied. At 25 °C, indirect tensile stress was applied, resilient modulus was measured at
many temperatures of 5 °C, 25 °C, and 40 °C, dynamic creep was measured at 54.4 °C, and
semi-circular bending fracture was measured at 25 °C. These experiments were carried out to
assess the asphalt mixtures' mechanical properties, while the tensile strength ratio (TSR) was
employed to assess the durability of WMA additions enhance asphalt mixture fracture energy,
allowing up to 50% of RAP to be included in asphalt mixtures without affecting their
mechanical performance, as indicated by the results. In the study, it was found that the
fracture energy value of asphalt mixtures may be increased by up to 50% by adding WMA
additives, without affecting the mechanical properties of the asphalt. In semicircular bending
experiment for each type of mixtures, with or without RAP. Zeolitecontaining mixtures had
the greatest strain energy values in both types of mixtures. In addition, the reduction in TSR
values was observed in mixtures with Zeolite (Yousefi et al., 2021).

Additives: Different commercial WMA additives were used for SMA production. PAWMA®
(A1), Licomont BS 100® (A2) and Evotherm M1® (A3) additives were received from the
producers and added to bitumen at the recommended rates according to producers’ technical
sheets. Firstly, Marshall specimens were prepared for 50/70 bitumen as a control mixture.
After that, Marshall specimens were prepared with the modified bitumens which were
produced by adding Al, A2, and A3 at the rates of 0.3%, 3.0%, 0.4% of bitumen weight
according to producers’ technical sheets respectively. Effect of various WMA additives on
SMA design parameters was investigated and results derived from the experimental study
were compared with the control samples. According to the results of the WM-SMA Marshall
tests, each of the additives reduced the SMA stability and increased the flow value within the
specification limits. All additives increased the voids in mineral aggregates (VMA) and the
voids filled with asphalt (VFA) of the mixtures, while the other additives reduce them. It was
observed that WM-SMA prepared according to the manufacturer's catalog with the WMA
additives lowered the mixing temperature by about 15 °C. This decrease in the mixture
temperature means fuel savings and less harmful gas release during production in the asphalt
plant (Aktas, Aytekin and Aslan, 2019).
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Al is a kind of amidoamine derivative additive produced by Istanbul Teknik Company. It
provides that asphalt mixture has longer workability and that a better compaction of asphalt is
obtained. The chemical description is given as hydrated alumina silicate of alkali metals. It is
used before mixing with bitumen. According to the manufacturer, the bitumen temperature for
the mixture is not changed, but the mixture is prepared by reducing the aggregate temperature
by 30°C. Usage amount is between 0.2% and 0.4% of the weight of the bitumen. Also,
according to the manufacturer's recommendation, the dosage of the additive should be
decided on site depending on the application type, whether or not the asphalt is modified,
environmental conditions such as ambient temperature and wind. Since each application
differs from the other, a standard dosage table is not available and the dosage should be
determined according to local conditions. Al additive is produced with amine compounds as
well as anti-stripping additives. It affects the structure of the bitumen positively and does not
disturb the chemical properties of bitumen. Asphalt increases stripping strength and indirect
tensile strength. Since it does not contain water as it is zeolite-based or foam-activated
admixtures, there is no water sensitivity (Istanbul teknik, 2018).

One of the scientific developments put into practice in asphalt production is warm mix asphalt
technology. With the warm mix asphalt technology, asphalt production is possible at lower
temperatures. In this study, Pawma-1 (0.35%) and Low Energy and Low Carbon-Dioxide
Asphalt Pavement (Leadcap) (1.5%) warm mix asphalt additives and Styrene-Butadiene-
Styrene (SBS) (2%) additives were used and tested in the mixture samples. In addition, the
effects of using hydrated lime as filler in warm mix asphalts were also investigated. In the
study, bitumen (B50/70) obtained from TUPRAS refinery and limestone type crushed stone
material obtained from Elazig Hankendi region as aggregate were used. After the modified
binders were prepared, the optimum bitumen ratios were determined according to the
Marshall method and the mixture samples were prepared. In half of the mixture samples, 2%
hydrated lime was used instead of filler. Marshall stability and yield test (ASTM D-1559) was
applied on the prepared samples. Stability increased in mixtures prepared with Leadcap,
Pawma-1 and SBS additives. It has been observed that hydrated lime increases the stability of
warm mix asphalts. It was determined that the SBS modified mixtures with slaked lime gave
the most positive results (Istek & Alatas, 2019).

In experiments on Pawma-1 modified binders, it was observed that the viscosity and
penetration decreased, while the softening point increased (istek & Alatas, 2017).

CONCLUSIONS

It is foreseen that the Pawma additive will make a great contribution in terms of adhesion and
mixing homogeneity in this concept, especially considering the machinability-oriented
definition. In the context of literary studies, it is seen that important contribution mechanisms

Proceedings Book 121 . www.aegeanconference.com




INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

are provided in this direction. In this respect, expanding the scope of the study will create an
important scientific field.

It is thought that the additive is compatible with slaked lime and can be successfully used in
the interaction of amine-derived lime as a new synergy model.

It is evaluated that wet and dry adhesion will develop and this issue can be revealed by
adhesion tests. It is understood that this improvement will automatically lead to an increase in
indirect tensile strength and low temperature cracking resistance.

The workability advantages of the additive and the improvement of the possible reduction in
compaction and strength properties of the mixture against possible temperature drops will be
examined in terms of low temperature cracking and Marshall Parameters. This research
studies to answer the question of how much can be done with the effect of workability in front
of the strength losses that may occur due to fast cooling. The additive, which is considered as
a workability enhancer within the scope of the research, can be used as in three different
ratios in the recommended usage ratios. As the usage amount options, low, medium and high
ratios may be applied as the common usage rates of the additive. It was decided to use 0.2%-
0.4%-6% ratios. P1, P2, P3 notations will be used as the usage ratio symbol. Optimum mixing
parameters were determined with the realized Marshall design. In order to simulate
temperature drops and workability in the field, 3 briquettes may be preferred and produced in
each option at the optimal bitumen values determined. Three identical briquettes could be
produced for the selected P1, P2, P3 additive ratios. In addition, three briquettes would be
produced in each option in the control condition. Production can be made under the conditions
of 135°C, 140°C, 145°C, and 150°C as the mixing temperature. In the samples where
Modified Lottman conditioning can be used as water damage conditioning, low temperature
cracking resistance tests and workability-oriented mixture performance may be examined at
this selected performance problem.

In terms of the scope of the study, it is predicted that it would be appropriate to choose these
parameters and the examination method according to our Marshall design values that were
previously carried out.
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ABSTRACT

This study investigates the water quality and salinization potential of the freshwater aquifers
surrounding Lake Tuz, one of the world's largest salt lakes. Lake Tuz is recharged by NaCl-
rich groundwaters having a deep groundwater flow system. The average density of the lake
water is 1173 kg/m3. The halite units of Lake Tuz have high Na2O (41.97 %) and CI (39.61
%) contents. As a result of mixing at different rates of Na-Cl and Ca-HCOs3 type water facies
emerged different type water facies such as Na-HCO3, Na-SOg, and Ca-Cl in the region. The
groundwater closer to Lake Tuz has the characteristics of Na-Cl facies. The results of the
study showed that depending on the distance from Lake Tuz, the characteristics of
groundwater change from Na-Cl to Na-HCOs; and Ca-HCO3 facies. Usually, CI', Na*, and
HCOg3 ions are more dominant. Aquifers with high chlorine concentrations in the western part
of the lake may contain ions of up to 4,000 milligrams per liter. Groundwaters closer to Lake
Tuz have a ratio of Na+/Cl- between 0.44 and 0.78, while Na*/CI" ratios away from the lake
are between 1 and 1.91. These groundwaters with a smaller Na*/Cl" ratio than seawater (0.85)
are classified as brackish water. The ratio of saltwater intrusion into wells changes from 3.3 to
14.1 % in the first 20 m of depth. Electrical conductivity, sodium, chlorine, and salinity
contents of groundwater near Lake Tuz exceeded the World Health Organization and
European Union standards. Thirty of the water samples are not suitable for drinking and
agricultural irrigation due to the very high sodium and salinity levels. Salt Lake, which has
high ion concentration and salinity values, negatively affects the water quality of freshwater
aquifers. These aquifers were also mainly contaminated by the groundwater that has a high
salt content as a result of water-rock interaction.

Keywords: Groundwater, hydrogeochemistry, isotope, Lake Tuz, Sereflikoghisar

1. INTRODUCTION

Lake Tuz (LT), located in Central Anatolia, Turkey, is one of the largest hyper-saline lakes of
the World. Lake Tuz formed from the evaporation of saline groundwater that has a high salt
content as a result of its interaction with large salt beds and continental evaporites (MTA,
1976). During the geophysical assessment of the lake basin for petroleum exploration, the salt
domes with a thickness of 1000 meters were detected (Yildiz and Soganci, 2010). The
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salinization of groundwater is one of the most serious problems of the region. The
Sereflikochisar (one of the districts of Ankara-Turkey) plain in the study area has documented
over the past decade an increase in chloride in the monitoring wells (Kavurmaci, 2013). The
salt content in freshwater can change with the dissolution of minerals containing more CI°
(Hem, 1985; Kesler, 1994). In generaly, NaCl-type water and increasing chloride
concentrations may indicate a strong salt-water intrusion in coastal areas (Wang and Jiao,
2012). High chloride concentrations in groundwater can be considered as definite proof of the
salt-water intrusion (Hem, 1985). One of the biggest indicators of salt-water intrusion is the
increase in electrical conductivity (EC). Particularly excessive increases have occurred in the
chloride level and EC in the observation well closest to Lake Tuz. This situation is the result
of salt-water intrusion. The reason for this are; increased pumping from wells and increased
irrigation wells. Sereflikochisar aquifer could be affected by increasing salinity in the east part
of the study area due to the upward or lateral movement of the saltwater interface because of
greater water withdrawals (Kavurmaci, 2013). Hydrogeological studies have previously been
undertaken in the research area to determine the most efficient use of available groundwater
potential (Herzog, 1954; Camur and Mutlu, 1996; Oney, 1999). However, these studies
mainly focused on determining the basic hydrogeological characteristics of the study area
using limited data, and did not take into account the impact of the lake on the groundwater
quality.

This study revealed the extent of pollution by Lake Tuz and groundwaters with high salt
content in the region. In this way, the people of the region will have healthier drinking water.
At the same time, more product yield will be achieved in agricultural activities.

2. MATERIAL and METHODS
2.1. The Study Area

The study area, covering 550 km? is located at in Central Anatolia between 33° 23’ and 33°
37’ E longitude and 39° 03 and 38° 45’ N latitude (Figure 1). The average annual temperature
of the region is 11.9 °C, the average altitude is 1050 m., and the average annual precipitation
is 340 mm. The study area is topographically flat. Agriculture is carried out in an area of 150
km? in the region where 35,000 people live.

The most significant water body in the region is Lake Tuz. Lake Tuz is the shallowest lake in
Turkey, with a mean surface area of 1665 km?. The average water level of the lake is 40 cm,
and its topographic altitude is 905 m. During the wet periods, the water level in southern
sections of the lake can reach 120 cm. Despite its very large rainfall area of 11900 km?, the
lake is generally recharged by NaCl-rich groundwater rising due to tectonic movements
recharging the lake (Kavurmaci, 2013). Lake Tuz is a salt lake formed as a result of
continental evaporation (MTA, 1976). The dissolved substances in the shallow parts of the
lake have been reported to range from 300g/L to 350 g/L and they were as low as 80 g/L in
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the deeper area of the lake (Uygun and Sen, 1978). The lake is mostly dry during the summer
with salt layers of 16-24 cm being formed in the lake area as a result of evaporation. There are
three large saltworks, Kaldirim, Kayacik, and Yavsan extending along the shore of the lake.
These factories produce 63 % of the total salt consumption in Turkey.

Figure 1. General view of the Tuz Lake and study area.

For chemical analysis and describing the extent of saltwater intrusion within the study area,
we used 70 observation wells. However, water samples were collected from 3 parts of Lake
Tuz and 3 spring water resources. Sampling was carried out in September 2011, May 2012,
and September 2012.

2.2. Geological and Hydrogeological System

Lake Tuz Basin (LTB) evolved between the Late Cretaceous and Oligocene periods. The
Central Anatolian Crystalline Complex rock unit is located at the bottom of the stratigraphic
sequence (Goncuoglu et al.,, 1996) (Figure 2). Subsidence occurred during the Late
Cretaceous and Middle Eocene, and it was followed by regression starting from the Late-
Middle Eocene and lasting until the end of the Oligocene (Arikan, 1975). The LTB was filled
with marine sedimentary units starting from the Late Cretaceous until the Middle Eocene and
with continental sedimentary unit between the Late Eocene and the Quaternary (Dirik and
Erol, 2000).

Y
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In the area, mainly flysch marine units represent the Upper Campanian until Middle Eocene;
continental debris and coarse evaporites represent the Upper Eocene and Oligocene
(Goncuoglu et al., 1996; Dellaloglu, 1997; Unluturk, 2000). The thickness of sedimentary
mass in the region is approximately 2500 m (Goncuoglu et al., 1996). Salt deposit formed as a
result of evaporation of salt-rich waters due to the regression in Oligocene-Miocene interval.
As a result of strong tectonic movements, salt deposits formed as bends and diapirik
structures.

Research well
(BOTAS, 2014) yy

X BOTAS; Petroleum Pipeline
Fault —— TPAO, Turkish Petroleum Cc

Figure 2. The cross-section shows the relationship between rock features and tectonic
structures in the Lake Tuz Basin

3. RESULTS and DISCUSSION
3.1. Hydrogeochemical Evaluation

The some parameters are; temperature (T) 14.1 °C - 21.7 °C, total dissolved solid matter
(TDS) 424 - 333803 mg/L, pH 6.1 - 8.1, electrical conductivity (EC) 536 - 295000 uS/cm.
Most of the groundwater samples contain total dissolved solids of up to 1000 mg/L. The
groundwaters in the region can be categorized as brackish water type according to the total
dissolved solids value. HCOs", CI,, Mg®*, SO4%, Na*, and Ca®* concentrations in groundwater
samples changed between (81.2-3480.4), (28.5-1688.2), (49.2-1759.3), (129.3-2557), (42.1-
459.3) and (2.6-477.2) mg/L, respectively (Table 1).
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Table 1. Analysis results of water samples for September 2019

Ornek TDS pH EC HCO; SO~ CIF Ca* Na* Mg?* K Ormek TDS pH EC Hco, so,” cCIF ca& Na* Mg* K
No  (mg/L) (nS/cm) (mg/L) No  (mg/L) (nS/cm) (mg/L)

SK2 45510 69 53600 15569 47.8 13763 219.6 6730 2500 80 SK33 9527 7.5 10400 5753 2220 1140 784 1540 659 44
SK3 34600 69 41300 7598 2899 11562 2864 4760 1715 108 SK35 18280 7.6 24100 7159 4667 3202 1020 3380 1218 50
SK4 73062 7. 76700 1021.8 5267 25762 1712 14740 3813 65 SK36 13700 7.5 18040 5805 3304 2006 1068 1804 786 188
SK5 123246 75 148900 4115 11326 60324 309.2 29040 4944 50 SK37 25425 74 32900 7799 6346 5527 1496 4860 1450 53
SK6 15470 7.6 20500 5001 905 4171 516 4060 438 20 SK38 66174 7.2 78300 7762 68L1 21971 2200 11140 3750 27.9
SK8 16740 7.2 22200 437.6 1973 400.1 1336 3000 715 26 SK39 33948 68 40100 7628 1907 1069.6 2324 4560 1588 116
SK9 35916 63 37100 21262 5810 4803 3900 4120 2709 95 SK40 10980 7.5 14610 5924 1754 749 888 1240 693 57
SK10 18930 7.0 25100 9422 6257 227.9 1476 2810 1763 44 SK42 38212 74 43330 4011 2225 12414 1180 8120 1126 121
SKI11 7160 7.3 9480 5336 749 760 724 914 350 16 SK43 38458 63 47550 5040 1466 16705 3268 6560 1240 7.1
SK12 11130 7.3 14760 6899 190 1211 66.8 2585 469 31 SK44 52972 73 63300 12584 2242 17299 2504 8800 2087 36.8
SK13 34850 7.2 41400 3230 1300 12237 2004 5060 1544 6.6 SKA5 95366 6.6 113300 18166 3324 34794 3732 15820 5285 763
SK15 39032 7.0 46100 567.8 2857 13124 2780 600.0 1600 36 SK46 57810 7.2 68000 8491 1953 21190 2496 6560 3908 124
SK19 26925 7.0 35400 1503 18428 190.6 6080 300.0 97.3 37 SKA7 36490 63 43200 17265 1200 9042 4792 3940 1068 6.4
SK20 5380 7.7 7160 2711 9598 157.3 2506 247.3 880 43 SKA48 106764 75 130900 6675 13524 39465 1812 25640 4538 404
SK21 46840 7.3 62100 3226 5784 24685 5127 4238 3755 2.7 SKA9 24375 72 31600 7844 6144 5378 1328 3960 1824 48
SK22 12740 72 16950 7918 2167 1612 1148 1595 958 53 SK50 97826 69 115800 33668 347.6 31939 1740 16040 7116 1526
SK23 16050 7.4 15860 6348 3708 2741 1164 3000 834 53 SK51 78392 7.4 93400 9317 12874 25549 2352 13020 5331 708
SK24 5297.2 6.2 62800 16700 2434 14204 4520 8120 221.3 7.3 SK52 11050 7.2 14650 4867 2592 1679 97.6 1430 623 44
SK25 27823 7.2 3590.0 13180 377.8 5314 720 7260 1033 40 SK69 46330 7.3 53600 2300 2111 19969 4408 6180 1805 7.9
SK26 12330 75 16330 5722 1075 3864 820 3518 564 65 SK70 19010 7.6 25200 3327 2582 5314 892 4060 805 84
SK27 42640 7.1 50400 12361 2630 12059 89.2 9320 2050 63 SS1 5130 7.7 6820 3513 689 490 456 726 270 21
SK29 16380 7.2 2180.0 6095 3068 3326 1248 2040 1031 58 SS2 4800 7.8 6460 4555 437 153 506 338 377 13
SK30 6469.8 7.1 6550.0 4703 262.8 24413 3744 10740 2510 48 SS3 7160 7.8 9450 3453 691 1186 448 1260 321 52
SK31 8160 75 10850 4800 1268 927 672 936 511 44 TGl 3338029 7.4 295000.0 1023.0 26560.0 182640.0 680.0 104670.0 13750.0 4480.0
SK32 1360.0 7.1 1810.0 7435 2332 1949 150.8 1885 715 56 TG2 322349.9 7.5 2480000 670.0 28650.0 177450.0 720.0 98560.0 11670.0 4630.0

The dominant ion type was HCOs, CI-, and Na* during the all-season. Observation of the
opposite trend of Ca*? and HCOs concentrations shows the widespread deposition of
CaHCO3 minerals (Garrels and Mackenzie, 1976). The most striking examples of these
changes were observed in the wells (SK35, SK36, SK26). The dominant facies type of SK35
and SK36 was MgSOas during the rainy period, but changed to NaHCOs. Similarly, the
dominant facies type of SK26 changed from CaSOs to NaCl. The main reasons for the
alterations in the observed ion sequences are changes in seasonal rains, increments in the time
in the deep groundwater circulation and ion exchanges that may occur during the interaction
between the water and sodium enriched units.

The evaluation of a Piper diagram showed that, the hydrochemical facies of these waters
were; NaCl, MgCl, NaHCO3, MgHCO3, CaSO4, CaHCOs3, and MgSOs. Further away from
Lake Tuz, the hydrochemical facies of the water changes from NaCl to NaHCO3 and
CaHCOs. Water samples (SK3, SK4, SK5, SK6, SK7, SK25, SK27, SK30, SK43, SK44,
SK48, SK50, SK51, TG1, TG2, TG3) contain NaCl water types. Whereas other water samples
(SK11, SK22, SK31, SK40, SK41, SS1, SS2, SS3) showed CaHCOz water types. The
remaining water samples, which are plotted on the 9 th area of the Piper diagram, are
characterized as mixed waters, where no ion exceeds 50 %. These samples are mixed waters.
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Figure3. Classification in the trilinear diagram showing major ion chemistry of waters in the
study area

The value of Na*/CI ratio in Lake Tuz is 0.58 (mg/L). Na*/Cl" ratio of the groundwater
samples changed between 0.20 to 1.91. The brackish waters closer to lake showed Na*/CI
values between 0.44-0.78 while these values measured in the range of 1-1.91 away from the
lake. Na/Cl ratio of brackish waters is much smaller than in sea water (0.85). It is also not
affected appreciably by ion exchange reactions. Ca?*/(HCO3+S04%) ratios of the brackish
waters were detected entirely under 1. The value of Na*/(Na*+Ca?") ratio in Lake Tuz is
1(mg/L). Na*/(Na*+Ca?") ratio of the groundwater samples changed between 0.29 to 0.94.
The brackish waters closer to lake showed Na*/(Na*+Ca?*) values between 0.80-0.94. It refers
to the salt-water intrusion which adversely affects the water quality of the aquifers.

3.2. Oxygen-18 (6'%0) and Deuterium (3°H) relation

The §*0 and §%H contents of samples in Lake Tuz range from -9.97 to -2.12 and -16.35 to -
69.25, respectively. The data given in graphics is evaluated with respect to the Global
Meteoric Water Line (GMWL) (Craig, 1961), the Mediterranean Meteoric Water Line
(MMWL) (IAEA 1981) and Local Meteoric Water Line (LMWL) (IAEA, 2010) for Ankara.
There is a deviation in the locations of wells (SK4, SK5, SK21, SK28, SK30, SK37, SK38)
with respect to LMWL and GMWL (Figure 4). The deviation from GMWL signifies
recharging from low elevations, evaporation, water-rock interaction, or external
contamination. The leftwards movement on the 580 axis of the graphic indicates an increase
in the elevation of the recharge area whereas the rightward movement shows an increase in
water-rock interaction (Craig, 1961; Dansgaard, 1964).
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Figure 4. Stable isotopes of water expressed as §'80 versus 6?H for water samples from the
study area.

An isotopic interaction between water and rocks is observed with the highest values being in
the lake samples and the lowest in wells (SK7 and SK9). SK7 and SK9 sampling points
plotted on the left of the graphic represent the highest recharge elevation, whereas, Lake Tuz
sampling point represents the lowest recharge elevation. As the Lake Tuz sample is subjected
to intense evaporation, it is enriched in both §'80 and 6°H. Water samples with similar 580
isotope contents indicate that they are recharged by the same or similar elevations. The
evaporation line is affected by several mechanisms such as; humidity, temperature, and salt
concentration. The point at which the meteoric line is intersected with the evaporation line
represents the initial isotopic composition of surface water before evaporation (Gat, 1981).
The correlation coefficient calculated for the resulting regression between this initial point
and the composition of Lake Tuz was found as 0.94.

Deuterium (d) excess values were calculated to be higher than 10 in SK7 and SK9; and
lower than 10 in the water samples from other wells. The lower value of deuterium
content indicates that most of the waters are recharged from the continental rainfall
under low evaporation conditions.

Data from the shore area and inland area samples plot along a saltwater mixing line. Eight of
the points along this line, with &'80 higher than -7.7 & (%o0), have a dissolved-solids
concentration exceeding 2,500 mg/L. Wells (SK4, SK5, SK9, SK21, SK28, SK30, SK37,
SK38) plot close to an extension of the saltwater mixing line fit to the shore area data,
whereas SK7 plot on or near the GMWL.
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3.3. Tritium (®H) and chlorine relationship

The CI- - 3H graph illustrates the relationship between the residence time of water in the
aquifers. The residence time increases along the horizontal axis (CI°) of the graph (Clark and
Fritz, 1997). The wells closer to the lake (SK28, SK30, SK38) have a lower *H content due to
their longer residence within the hydrologic system that is intensely faulted and fractured
during the tectonic activity in the area. Thus, these waters have a deeper and long-lasting
groundwater flow system when compared to others (Figure 5).
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Figure 5. Tritium isotope ratio versus chloride for water samples from the study area

The 3H-CI- diagram illustrates that the waters in the study area are clustered into three
different types according to the residence time and flow duration. Other water sources possess
higher ®H and lower CI- contents. They represent young water with a shallower groundwater
flow system and shorter water-rock interaction.

3.4. Investigation of electrical conductivity and chlorine values

CI" concentrations in the spatial distribution maps range from 81.2 to 3480.4 mg/L. EC was
detected as above the limit value at a rate ranging from 800 to 14000 uS/cm. EC and CI
values in all of work area have exceeded the limit given in the drinking water standard
supplied by the WHO. CI" and EC values decrease away from the lake (Figure 6).
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Figure 6. Relationship between electrical conductivity values and the distance from the lake
of the wells

EC values in the wells (SK5, SK37, SK43, SK46, SK48, SK50, SK51) were measured 42480,
4023, 4504, 7141, 46448, 12212, and 10252 uS/cm, respectively. EC values in the wells
(SK37, SK48, SK50, SK51) were measured 4916, 97036, 33132, and 33852 uS/cm,
respectively at the altitude 894 m during the rainy period while these values were measured
4367, 83740, 29650, and 27382 uS/cm, respectively. EC values decrease in the research wells
in the dry season while these values increase in the rainy season. Salt deposition in the
tectonic system increases depending on the rise of evaporation during dry periods. As a result,
a decrease on the permeability of the tectonic system is observed. The higher EC values found
in the wells (SK5, SK48, SK50, SK51) and the sudden increase in EC values at different
altitudes shows that the freshwater aquifers are contaminated by the Lake T.uz Here, the
contamination caused by saltwater intrusion also indicates the persistence of saltwater
intrusion due to lithology.

4. CONCLUSIONS

This study presents important data concerning the salinization potential and water quality
characteristics of aquifers surrounding Lake Tuz in Central Anatolia. Lake Tuz is recharged
by groundwater with a high salt content interacting with salt formations. The average density
of the lake water is 1173 kg/m®. The halite units of Lake Tuz have high Na;O (41.97 %) and
Cl (39.61 %) contents. NaCl-rich groundwater rises upwards through tectonic systems and
recharges the lake. The level of salinity may vary based on the location of tectonic features.
Different flow behaviors arise from sedimentalogical and tectonic variations in the aquifer
framework. The salt deposits decrease the conductivity of tectonic systems. This is supported
by lower EC values observed during the dry seasons in wells (SK4, SK6, SK9, SK30, SK33,
SK45, SK46, SK48, SK49, SK50, SK51) near the lake.
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The groundwater close to Lake Tuz shows NaCl facies feature. Usually, CI', HCOs", and Na*
ions are more dominant in dry periods. Higher concentrations of Cl, EC, and Na were
observed, especially toward Lake Tuz. As the distance from the lake increases the
concentrations of EC, Na and CI decreased with the EC values rising with the increasing
depth.

The water samples in the study area have been classified as saltwater in the wells (SK5,
SK48), freshwater in the wells (SK11, SK20, SK31, SK33, SS1, SS2, SS3), and the rest as
brackish water. According to the proportion of CI™ ion values between wells and the lake, the
saltwater mixing ratio of the wells (SK5, SK48, SK45, SK50, SK51) are calculated as 3.3,
2.2, 1.9, 1.7, and 1.4 %, respectively. The ratio of saltwater intrusion into wells SK5, SK48,
SK45, SK50, and SK51 in the first 20 m of depth are 12.5, 14.1, 4.1, 4.6, and 3.3 %,
respectively. The brackishwater groundwater area (TDS > 1 g/l) extends about 3 km inland
from Lake Tuz. Saltwater interference surface at a 1 km distance from the lake is 285 m in
depth according to the Glover equation.

Thirteen water samples in the study area are not suitable for agricultural irrigation as they
have very high sodium content and salinity value. Also, seventeen samples are not drinkable
due to very high salinity and moderate sodium level. Excessive water supply from wells
should be avoided for accelerating the saltwater intrusion. In addition, wells without legal
permits should be closed. Dripping or sprinkler irrigation applications should be practiced on
agricultural lands.
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SIRNAK ASFALTIT NUMUNESININ ONEMLI KARAKTERIZASYON
OZELLIKLERININ BELIRLENMESI
DETERMINATION OF SIGNIFICANT CHARACTERIZATION FEATURES OF SIRNAK
ASPHALTITE SAMPLE
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OZET

Asfaltit; petrol kokenli, komiir ile benzer 6zelliklere sahip, hidrokarbon esasli bir enerji
hammadesidir. Kalorifik degeri genel olarak 3000-6000 kcal arasinda degismektedir ve
cevher hazirlama/zenginlestirme yontemleri ile daha yiiksek degerlere kadar ulagabilmektedir.
Tiirkiye’nin Giineydogu Anadolu Bolgesinde Sirnak ili, bu 6nemli enerji hammaddesinin
kaynagidir. Bu bolgede asfaltitler; Avgamasya, Milli, Segiiriik, Nivekara, Karatepe, Seridahli,
Ispindoruk, Rutkekurat, Uludere-Ortasu, Silopi-Harbul, Silopi-Silip ve Silopi-Ugkardesler
filonlar1 halinde bulunmaktadir. Sirnak ocaklarindan ¢ikarilan asfaltitler yaygin olarak termik
santrallerde elektrik {iretim veya yoresel 1sinma amagli enerji hammaddesi olarak
kullanilmaktadir. Asfaltitden petrol elde edilmesi, igerisindeki kiil ve kiikiirt oranlarinin
diistiriilmesi ve asfaltit kiilii igerisindeki degerli agir metallerin zenginlestirilerek
kazanilmasina yonelik caligmalar vardir. Bu ¢alismada; Sirnak merkezinde faaliyet gosteren
Avgamasya ocagindan yerinde alinan asfaltit numunesinin; elek analizi, kimyasal analizi,
standart kalitatif mineral analizi (X-Ray), taramal1 elektron mikroskop (SEM), mikrokimyasal
analiz (EDS) ve iz metal analizi (ICP-OES) sonuglari incelenmektedir. Asfaltit numunesinin
ASTMD7582, ASTMD 4239, ASTMD5865, ASTMD5016, ASTMD5373, TS3291SO test
standartlar1 ile yapilan kimyasal analiz sonuglarina gore; baslica %0.48 nem, %46.06 kiil,
%6.45 toplam kiikiirt, % 4.70 organik kiikiirt, % 1.62 piritik kiikiirt, %16.70 sabit karbon ve
4280 kcal tist 1511 degerleri belirlenmistir. Asfaltit numunesinin iz element analiz sonuglarina
gore; Mo, Ni, V, Zn, Cr, Ba, As, Sr, Cd, Se, Rb, Cu, Th, Ga, B, Co ve U gibi 6nemli metaller
ppm seviyesinde tespit edilmistir. X-Ray analizlerine gore igerisinde dolomit, kuvars, pirit,
alkali feldspat, mika/illit minerali ve siderit gibi mineraller bulunmustur. Asfaltit numunesinin
farkli noktalarinda uygulanan SEM ve EDS analizlerine gore; Zn, S, Al, Zn, Fe, Cd, Ca, Ti,
Si, Ni, Mg ve V gibi elementlere rastlanmistir.

Anahtar Kelimeler: Sirnak, asfaltit, komiir, karakterizasyon
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ABSTRACT

Asphaltite is a petroleum-based, hydrocarbon-based energy raw material with similar
properties to coal. Its calorific value generally varies between 3000-6000 kcal and can reach
higher values with ore preparation/enrichment methods. Sirnak province in the Southeastern
Anatolia Region of Turkey is the source of this important energy raw material. Asphaltites in
this region; there are fleets in Avgamasya, Milli, Segiiriik, Nivekara, Karatepe, Seridahli,
Ispindoruk, Rutkekurat, Uludere-Ortasu, Silopi-Harbul, Silopi-Silip and Silopi-Uckardesler.
Asphaltites extracted from Sirnak quarries are widely used in thermal power plants as an
energy raw material for electricity generation or local heating. There are various studies on
obtaining petroleum from asphaltite, reducing the ash and sulfur ratios in it, and enriching the
valuable heavy metals in asphaltite ash. In this study; the asphaltite sample taken from the
Avgamasya quarry operating in the center of Sirnak; sieve analysis, chemical analysis,
standard qualitative mineral analysis (X-Ray), scanning electron microscope (SEM),
microchemical analysis (EDS) and trace metal analysis (ICP-OES) results are examined.
According to the chemical analysis results of the asphaltite sample made with ASTMD7582,
ASTMD 4239, ASTMD5865, ASTMD5016, ASTMD5373, TS329ISO test standards; 0.48%
moisture, 46.06% ash, 6.45% total sulfur, 4.70% organic sulfur, 1.62% pyritic sulfur, 16.70%
fixed carbon and 4280 kcal upper calorific values were determined. According to the trace
element analysis results of the asphaltite sample; important metals such as Mo, Ni, V, Zn, Cr,
Ba, As, Sr, Cd, Se, Rb, Cu, Th, Ga, B, Co and U were detected at ppm level. According to X-
Ray analysis, minerals such as dolomite, quartz, pyrite, alkali feldspar, mica/illite mineral and
siderite were found in asphaltite. According to SEM and EDS analyzes applied at different
points of the asphaltite sample; elements such as Zn, S, Al, Zn, Fe, Cd, Ca, Ti, Si, Ni, Mg and
V have been encountered in sample.

Keywords: Sirnak, asphaltite, coal, characterization.
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CALCULATION OF AGRICULTURAL WATER FOOTPRINT OF OLIVES: A CASE
STUDY FOR IZMIR
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OZET

Sinirli dogal kaynaklarimizin en 6nemlisi sudur. Gegmisten giiniimiize insan niifusu ve yasam
kalitesi arttikca tliketilen ve kirletilen su hacmi artmis ve artmaya devam etmektedir. Su ayak
izi kavrami herhangi bir rlinlin iiretimi ve/veya tiiketimi agamasinda harcanan tath su
hacmini ifade etmek i¢in kullanilmaktadir. Tarimsal iiretim, su ayak izinin fazla oldugu
alanlardan biridir. Tarimsal {iretimde su ayak izi degeri belirli bir mekana, zamana ve iriine
ait olarak bulunur. Bu sekilde ayni iirlinlin su ayak izi degerleri zamana ve mekana gore
kiyaslanabilir. Su ayak izi hesaplamalar: ile iklimsel degisikligin bitki su tiiketimine etkisi
tespit edilip, siirdiiriilebilir tarim uygulamalarina destek olunabilecegi diisiintilmektedir.

Bu ¢alismada Izmir Ili’nde iiretilen yaglhk zeytinin 2012-2021 yillar1 i¢in tarimsal yesil su
ayak izi hesaplamalar1 gergeklestirilmistir. Tarimsal su ayak izi hesaplamalarinda CROPWAT
programi  kullanilmigtir.  Kullanilan iklimsel veriler Meteoroloji Genel Miidiirliigii
(MGM)’nden, bitki gelisimi ile ilgili veriler Tarimsal Arastirmalar ve Politikalar Genel
Midiirligi (TAGEM)’nden ve zeytin {iretimi yapilan alan ile zeytin iiretim miktarlar1 Tiirkiye
[statistik Kurumu (TUIK)’ndan temin edilmistir. Etkili yagis miktarinin hesaplanmasinda
USDA metodu, referans bitki su tiiketim miktar1 (ETo) hesaplanmasinda Penman-Monteith

metodu kullanilmastir.

Calisma sonucunda Izmir’de yetistirilen yaglik zeytin i¢in tarimsal su ayak izinin sulama
yapilmamasi durumunda ortalama 3,54 m®kg zeytin oldugu hesaplanmistir. Bu degerin,
zeytin iiretimi yapilan 19 ilin ortalamasinin (3,96 m3 su/kg yaglk zeytin) altinda oldugu
bulunmustur.

Anahtar kelime: Su ayak izi, Bitki su tiiketimi, Yaglik zeytin
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ABSTRACT

The most important of our limited natural resources is water. From past to present, as the
human population and quality of life increase, the volume of consumed and polluted water has
increased and continues to increase. The concept of water footprint is used to express the
volume of fresh water consumed during the production and/or consumption of any product.
Agricultural production is one of the areas where the water footprint is high. In agricultural
production, the water footprint value is found in a specific place, time and product. In this
way, water footprint values of the same product can be compared according to time and place.
With water footprint calculations, it is thought that the effect of climate change on crop water
consumption can be determined and sustainable agricultural studies can be supported.

In this study, agricultural water footprint calculations were carried out for the years 2012-
2021 of olives for oil produced in Izmir. The CROPWAT program was used for agricultural
water footprint calculations. The climatic data used were obtained from the Turkish State
Meteorological Service (MGM), the data on crop development was obtained from the General
Directorate of Agricultural Research and Policies (TAGEM), and the olive production area
and olive production amounts were obtained from the Turkish Statistical Institute (TUIK).
The USDA method was used to calculate the effective precipitation amount, and the Penman-
Monteith method was used to calculate the references crop water evapotranspiration (ETo).

As a result of the study, it has been calculated that the agricultural water footprint for olive oil
grown in lzmir is 3.54 m%kg rainwater on average in the absence of irrigation. It was found
that this value is below the average water footprint (3.96 m® water/kg olives for oil) of 19
provinces where olive production is made in Turkey.

Keywords: Water footprint, crop water consumption, olive for oil

1. GIRIS

Insan faaliyetleri sonucunda ¢ok fazla su tiiketilmekte ve kirletilmektedir (Hoekstra,
Chapagain, Mekonnen, & Aldaya, 2011; UNESCO, 2009). Toplam su tiiketimi ve kirliligi,
toplumlarin ne tiikettigi ve ne kadar tiikettigiyle ilgilidir. Yakin zamana kadar bir {iriiniin
tiiketiminin su kullanimina olan etkisinin aslinda o {irliniin {iretiminde, tedarik zinciri boyunca
gerceklesen su tiikketimini ve kirliligini de kapsadigina dair ¢cok az farkindalik vardi. Hoekstra
ve Chapagain (2008), {irtinlerin arkasindaki gizli su kullaniminin ortaya ¢ikarilmasinin,
tilketim ve ticaretin su kaynaklarmin kullanimi {izerindeki etkilerinin Sl¢iilmesine yardimci
olabilecegini gostermistir (Hoekstra & Chapagain, 2011; Hoekstra et al., 2011).

Herhangi bir iiriin i¢in su kaynaklarinin kullanimu tiiketicilerden mekansal olarak bagimsizdir.
Cogunlukla iiretim asamalar1 farkli yerlerde gerceklesirken tiiketim baska bir yerde
gerceklesmektedir (Chapagain, Hoekstra, Savenije, & Gautam, 2006; Hoekstra et al., 2011).
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Bu nedenle bir iirliniin tiikketiminin diinyanin su kaynaklar tizerindeki etkileri ancak tedarik
zincirine bakilarak ve iirliniin kokeninin izini siirerek bulunabilir (Hoekstra et al., 2011).
Tedarik zinciri boyunca su tiikketimini dikkate alma fikri, 2002 yilinda Hoekstra tarafindan “su
ayak izi” kavraminin uygulamaya konmasiyla baslamistir (Hoekstra, 2003). Su ayak izi,
iireticinin ve/veya tiiketicinin yalnizca dogrudan su kullanimini degil, ayn1 zamanda dolayli su
kullanimin1 da igeren bir gostergedir. Kullanilan suyun kaynagina gore yesil su ayak izi ve
mavi su ayak izi, kirletilen su hacmine gore de gri su ayak izi olmak iizere {i¢ gruba
ayrilmaktadir. Yesil su ayak izi yagmur suyu tiikketimini, mavi su ayak izi yiizey ve yeralti
suyu tiiketimini ifade etmektedir. Gri su ayak izi ise herhangi bir alici ortama verilen atik
suyun o alic1 ortamin mevcut kalite standartlarina ulasabilmesi i¢in kirlettigi su miktarini, yani
alic1 ortamin 6zlimseme kapasitesini ifade etmektedir. Su ayak izi kavrami klasik su kullanim
hesabindan farkli olarak sadece hacimsel olarak degil, ayn1 zamanda zamansal ve mekéansal
olarak da bilgi vermektedir (Hoekstra et al., 2011; Mekonnen & Hoekstra, 2011).

Insan faaliyetleri arasinda tarim, tatli su ayak izinin %92'sini olusturmaktadir (Rossi et al.,
2019). Tarimsal su ayak izi hesaplamalari, tarimsal su tiiketiminde mevcut durumun tespit
edilmesi disinda siirdiiriilebilir tarim stratejilerinin  belirlenmesinde de kullanilmaktadir
(Ferrero, Araujo, Valde6n, Hun, & Mele, 2022; Mekonnen & Hoekstra, 2020). Bir iiriiniin
tarimsal su ayak izi, bitkinin su tiikketimi (evaporatranspirasyonu) ile hesaplanmaktadir. FAO
tarafindan gelistirilen CROPWAT 8.0 programi kullanilarak, Hoekstra’nin Su Ayak Izi Ag1
yontemiyle mavi ve yesil su ayak izi hesaplanmaktadir. Son yillarda tarimsal iiriinler i¢in su
ayak izi ¢alismalar1 artarak devam etmektedir (Ferrero et al., 2022; Mekonnen & Hoekstra,
2020; Muratoglu, 2020; Rossi et al., 2019).

Zeytin Akdeniz havzasinda yetistirilen onemli tarimsal riinlerden biridir. Tiirkiye sahip
oldugu zeytinlik alan1 ile diinya genelinde 6. sirada yer almaktadir (TEPGE, 2021).
Tiirkiye’de, 2021 yili verilerine gore 6.589.146 dekar yaglik zeytin ve 2.302.531 dekar
sofralik zeytin olmak iizere toplam 8.891.677 dekar zeytin ekili alan bulunmaktadir. izmir
Tiirkiye’de yaglik zeytin yetistiriciliginde 842773 dekar toplam ekili alan ile Aydin ve
Mugla’dan sonra 3. sirada yer almaktadir (TUIK, 2022).

Bu ¢alismada, Izmir’de yetistirilen yaglik zeytinin yagmur suyu ile beslenmesi durumunda,
2012-2021 yillart i¢in yesil su ayak izi hesaplamalart yapilmistir.

2.MATERYAL VE METOD

[zmir, Tiirkiye'nin Ege Bélgesi’nde yer alan bir ilidir. 38.40 kuzey enlemi ve 27.19 dogu
boylaminda yer alan il, Akdeniz iklim kusaginda bulunmaktadir. Yillik ortalama sicaklig
17.9 °C, yillik ortalama yagis yiiksekligi 713.8 mm’dir (MGM, 2022). Yaz mevsimi sicak ve
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kurak, kis mevsimi 1lik ve yagishdir. ilin cografi olarak sahip oldugu cesitlilik iklim
ozelliklerini etkilemektedir (IBB, 2022).

[zmir Ili'nin tarimsal su ayak izinin hesaplandigi bu c¢alismada 2012-2021 yillarma ait
iklimsel veriler Meteoroloji Genel Midiirligii (MGM)’nden (MGM, 2022), zeytin i¢in ekili
alan ve iiretim miktar1 verileri Tiirkiye Istatistik Kurumu (TUIK) ndan (TUIK, 2022) ve bitki
gelisimi ile ilgili veriler Tarimsal Arastirmalar ve Politikalar Genel Midirligi
(TAGEM)’nden (TAGEM, 2017) temin edilmistir.

Calismada CROPWAT-8.0 programinda, sulama programi segenegi uygulanmustir. Etkili
yagis miktarinin hesaplanmasinda USDA metodu, referans bitki su tiikketim miktar1 (ETo)
hesaplanmasinda Penman-Monteith metodu kullanilmistir. Penman-Monteith denklemi Esitlik
1’de verilmistir (Allen, Pereira, Raes, & Smith, 1998).

_ 0.480A(Rp—G)+ yTigt;suz(es— €a) NE
ETo = A+ y(1+0.34u5) Esitlik 1

Burada;
ETo : Referans evapotranspirasyon (mm/giin)
A - Buhar basinci egrisinin egimi (kPa/°C)

Rn : Bitki yiizeyindeki net radyasyon (MJ/m?/giin)

G : Toprak 1s1 akis1 yogunlugu (MJ/m?/giin)
% : Psikrometrik sabit (kPa/°C)

T : Glinliik ortalama sicaklik (°C)

uz : Riizgar hiz1 (m/s)

€s : Doymus buhar basinci (kPa)

€a : Gergek buhar basinci (kPa)

ifade etmektedir.

Meteoroloji verileri giinliik veri olarak girilmistir. Yesil bilesen SAlyesi (M%/ton)’i hesaplamak
icin zeytinin kullandigr yagmur suyu (yesil su) miktar1 mm cinsinden hesaplanmigtir.
Yiikseklik olarak hesaplanan su miktar1 iiriin verimine (ton/ha) boliinerek m%kg birimine
cevrilmistir. Bitki veya aga¢ yetistirme siirecinin toplam su ayak izi yesil, mavi ve gri
bilesenlerin toplamidir. Yapilan aragtirmalar sonucunda Tiirkiye’de zeytin yetistiriciliginde
mavi su kullanimimin diisiik seviyelerde oldugu goriilmiistiir. Bu calismada yaglik zeytin
agaclarinin sadece yesil su ile beslenmesi durumu i¢in su ayak izi hesaplamasi yapilmistir.
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3. BULGULAR VE TARTISMA

Su ayak izi hesaplamasinda kullanilmak iizere TUIK ten temin edilen, izmir’de yaglik zeytin
ekili alan ve bu alandan elde edilen yaglik zeytin miktar1 verileri Sekil 1°de, birim alandan
elde edilen yaglik zeytin miktar1 olan iiriin verimi verileri de Sekil 2’de verilmistir.
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Sekil 1. Izmir Ili igin yaglik zeytin ekili alan ve {iriin miktar1 verileri (TUIK, 2022)
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Sekil 2. Izmir Ili i¢in zeytinin iiriin verimi (TUIK, 2022)

Yesil su ayak izi hesaplamasinda etkili yagis miktar1 kullanilmaktadir. Yillara gore, zeytinin
gelisim donemine ait toplam yagis ve USDA metodu ile hesaplanan etkili yagis verileri Sekil
3’te verilmistir. 2016 yili ve sonrasinda yagis yiiksekligi Onceki yillara gore disiis
gostermistir. Bu durum mavi su ile sulamanin yapilmadigi tarimsal triinlerde verimin
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diismesine neden olabilir. Uriin veriminin diismesi de su ayak izini arttirmaktadir. Zeytin
iiretim miktarlarindaki diisiisler yagis yiiksekligi ile benzerlik gdostermektedir. 2016 yilindan
itibaren zeytin liretim miktar1 diismiis, 2021 yilinda tekrar artmistir (Sekil 1).

Zeytinde cicek tomurcugun farklilagmasindan meyve olgunlagsmasina kadar olan siireg, yaz
aylarinda baslayip bir sonraki yil sonbaharda sona ermektedir. Bu siire¢ zeytin ¢esidine ve
yetistirme kosullarina gore 15-18 ay siirmektedir (Steduto, Hsiao, Fereres, & Raes, 2012). Bu
durum zeytin yetistiriciliginde her yil alinan iirlin miktarinda degisiklige neden olmaktadir.
Ekilen alan ve elde edilen iiriin verilerinin yer aldig1 Sekil 1’e baktigimizda, ekili alan miktar1
yaklagik ayni olmasina ragmen {iriin miktarlarinda bir yi1l artma sonraki y1l azalma durumlar
gbzlenmektedir. Bu durum zeytinin bir yil fazla bir y1l az meyve veren bir bitki olmasindan
kaynaklanabilir. Ancak 2016 sonrasindaki azalmanin farkli nedenlere dayandigi

diistiniilmektedir.

Kis yagisinin az oldugu yillarda, yagmurla beslenen agaclarda ¢iceklenme ve meyve tutumu
siireci su eksikligine karsi hassas olmaktadir. Bu nedenle ilkbaharda baslayan c¢igek
gelisiminden meyve tutumuna kadar su stresinden kagimilmalidir. Izmir’de yaghk zeytin
iretiminde 2016 yilindan sonra gozlenen diisis, ayn1 donemde azalan yagisla
iligkilendirilebilir. Zeytinde meyve tutumu ciceklerin %?2’sinden azdir. Uygun olmayan
iklimsel kosullar bu oran1 daha da diisiirebilir. Zeytinler ge¢ ¢igek actiklarindan dolay1, diisiik
sicakliktan zarar gérme riski onemli Olclide azalmaktadir. Ancak Akdeniz iklim sartlarinda
sudan ve/veya yiiksek sicakliktan etkilenme riski artmaktadir. Ayrica meyve bilylimesi de
suyun ¢ok daha az oldugu yaz mevsimine ertelenmektedir (Steduto et al., 2012). Tiim bu
ozellikler zeytin agacindan alinacak meyve miktarini etkilemektedir. Degisen iklim sartlari ve
buna bagli olarak degisen iiriin miktar1 da su ayak izini etkilemektedir.
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Sekil 3. Izmir igin zeytin gelisim déneminde toplam ve etkili yagis yiikseklikleri
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Bu calismada Izmir’de yetistirilen yaglik zeytin agaclarinin yagmur suyu ile beslenmesi
durumundaki yesil su ayak izi, 2012-2021 yillar1 aras1 i¢in hesaplanmistir. Yapilan hesaplama
sonucunda elde edilen degerler Sekil 4’te verilmistir. En yiiksek ve en diisiik su ayak izi
sirasiyla 1.79 ve 6.61 m3/kg, hesaplanan 10 yilin ortalama degeri ise 3.54 olarak bulunmustur.
Yillara gore su ayak izi degerlerinde artis ve azaliglar goriilmektedir. Bitki su tiiketim
miktarmin iiriin verimine bdliinmesinden dolayi, su ayak izi degerleri iirlin verimine gore
artmakta ya da azalmaktadir. Sekil 2’de verilen {irlin verimi verileri incelendiginde verimin
diistiik oldugu yillarda su ayak izinin yiiksek, verimin yiiksek oldugu yillarda ise su ayak izi
degerinin diisiik oldugu goriilmektedir. 2018, 2019 ve 2020 yillarinda su ayak izi diger yillara

gore daha yiiksek bulunmustur.
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Sekil 4. Izmir Ili’nde yetistirilen yaglik zeytin agaglarinin su ayak izi

Rossi ve arkadaslar1 2019 yilinda yaptiklar1 ¢alismada Italya’da yagmur suyu ile beslenen
zeytin agaclarmin yesil su ayak izini 1.024 m%kg zeytin olarak rapor etmistir. Salmoral ve
arkadaslar1 2011 yilinda yaptiklar1 calismalarinda Ispanya’da yagmur suyu ile beslenen zeytin
agaclarinin yesil su ayak izini 1971 m3fton zeytin (1.971 m®/kg zeytin) olarak rapor
etmislerdir. Bu ¢alismada Izmir’de yagmur suyu ile beslenen zeytin agaglarmin yesil su ayak
izi ortalama 3.54 m3/kg zeytin olarak hesaplanmustir. italya, Ispanya ve Tiirkiye’de yetistirilen
zeytinin su ayak izi arasindaki fark, her bolgede birim alandan elde edilen zeytin miktarindaki
farkliliktan ve/veya iklimsel farkliliktan kaynaklanabilir.

4. SONUC

Bu ¢aligmada Izmir’de yagmur suyu ile beslenen yaglik zeytin agaclarinin yesil su ayak izi
degerleri 2012-2021 yillar1 i¢in, CROPWAT programi kullanilarak hesaplanmistir. Calisma
sonucunda Izmir’de yetistirilen yaglik zeytin agaglarinin yesil su ayak izi ortalama 3.54 m3/kg
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zeytin olarak hesaplanmistir. Bu degerin, Tiirkiye’de zeytin iiretimi yapilan 19 ilin yesil su
ayak izi degerlerinin ortalamasinin (3,96 m® swkg yaglik zeytin) altinda oldugu bulunmustur.
Su kaynaklarinin zeytin tarafindan en verimli sekilde kullanilabilmesi, zeytine uygun iklim
sartlarina sahip boélgelerde zeytin yetistiriciliginin  arttirilmasi  ile saglanabilecegi

diistiniilmektedir.
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ANALYZE OF OIL AND GAS ACCIDENT ASSOCIATED WITH DRILLING
OPERATION USING FISHBONE DIAGRAM

Slimani Sami

Research Laboratory on Surface and Interface Physics and Chemistry LRPCSI; Université 20 aott 1955 Skikda,
Algeria

Zennir Youcef
Automatic Laboratory of Skikda, Université 20 aolit 1955 Skikda, Algeria

ABSTRACT

Oil and gas drilling is an important phase in petroleum industry life.lt is the most important
phase and the most expensive in terms of cost and time. This phase “drilling” associated with
many constraints and incidents. The most common is lost-of circulation, fire explosion,
blowout, explosion...etc. This paper analyze over than 26incidents and accidents occurred
around the word during the period between 2000 and 2018 based on reports and research
articles, Fishbone Diagram is applied to analyze the causes that lead to accident. The results
showed that the number of incidents doubled over the period 2012-2015 by 31%.also the
results showed that explosion is the most common incident by 31%.finally in the period
between 2016and 2018 the number of fatalities has increased by 54%.

Keywords: Drilling incident, Fishbone Diagram ,Fire explosion, Statistical analyses.
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SYNTHESIS, MOLECULAR STRUCTURES AND CATALYTIC ACTIVITIES OF
B1S-2,2-BIPYRIDINE PALLADIUM (11) DI CHLORIDE COMPLEXES IN
FORMATION OF C-C BOND

Ibrahim Abdullah Albarakati
King Abdulaziz University« Faculty of Sciences

ABSTRACT

Pyridine heterocyclic compound synthesis continues to attract much attention due to their
verse applicability on various fields including Pharmaceutical and Organic synthesis.
Transition metals such as Palladium complexes have been used successfully for the
preparation of very active hypertensive drugs Losartan and Valsartan. In recent years,
remarkable progress has been recorded in Suzuki-Miyaura cross coupling reaction upon the
discovery of very active and highly efficient catalysts. These catalysts Palladium with
Phosphine or Carbene ligands- have been very promising due to their high efficiency in
coupling reactions. In a quest to synthesize a more efficient catalyst, the combination of
Palladium and Nitrogen containing ligands look promising due to their stability to air, non-
toxicity and very convenient to handle.

Keywords: Suzuki cross coupling, Palladium
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ABSTRACT

The solution of variable order fractional diffusion equations is accomplished in the current
study using a localized meshless approach based on hybrid transform. To get around the time
instability issue with meshless approaches, the time stepping operation is avoided. By
including tiny local system matrices, the problem of improper conditioning associated with
meshless differentiation matrices is removed. By combining the inverse laplace transform
with the trapezoidal rule of equal width, the answer is finally achieved as a contour integral
along a smooth curve. The approach is tested using the time fractional diffusion equation for
error analysis, convergence rate, and accuracy show a definite improvement.

Keywords: Fractional diffusion equation, Laplace transform, Meshless method.

INTRODUCTION

According to physicists, engineers, and mathematicians, several transversal applications may
have been exquisitely created by applying fractional derivatives. For instance, non-linear
seismic oscillations may be patterned in the fractional derivatives [1]. Without a problem, the
most significant area of applied mathematics in the last ten years has been fractional calculus.
Fractional derivatives and fractional integrals give more precise results for describing real-
world events than the classical order. In particular, the domains of damping viscoelasticity,
chemistry, communications, electrical, traffic systems, biology, signal processing, robotic
technology, economics & finance, genetic algorithms, etc, have notable applications in
modelling numerous physical phenomena. Significant advancements and discoveries in the
subject of fractional calculus have been produced by several academics [2-9]. Fractional
calculus is seen to be a very significant area of study by the majority of academics and
scientists due to its many applications. Many fractional calculus academics have focused their
research on fractional order partial differential equations. Analog realizations can only
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describe situations of limited length, but analytical and numerical solutions are quite
comparable and can explain examples of infinite length. The research findings of [11] enable
reliable identification of the numerical and analogous outcomes of the process of diffusion
with dissipation. Recent studies have shown that transient behaviours in some phenomena
vary with geographical variation, temporal evolution, or even with spatiotemporal changes
[10]. It will not be a productive and efficient way to comprehend transitory behaviours if we
employ constant order fractional diffusion equations. Hence, the inconsistent order The
solution to this problem has been provided using fractional diffusion equations. The Laplace
transform eliminates the need for computationally challenging temporal time stepping. While
the Laplace transform does away with the need for time marching, we still have to deal with
the challenge of inverting the Laplace transform. Thanks to the work of Weideman and
Trefethan [13] and Lopez-Fernandez [14], in which the outcomes of the Bromwich integral
connected to the inverse Laplace transform are scientifically evaluated. If the number of n
gets big enough, we obtain round-off errors that deviate from the right solution when we
estimate the Bromwich integral using the traditional quadrature of n steps. Techniques based
on local radial basis functions (RBFs) were presented in [12] to address the contour factor
problem, the sensitivity and the problem of improper conditioning of global RBFs techniques.
Efficiency, stability, and precision were achieved with the use of local radial basis functions
(RBFs), which also generated good results smoothly.

METHOD ANALYSIS

A meshless technique based on hybridization and laplace transform is suggested in this
section. The time variable is removed from the suggested technique via the Laplace
transformation, and a time independent PDE localized meshless numerical scheme is then
built. Our numerical method for estimating the form of the time fractional differential
equation of order 0 <x< 1.

0oV = = (k()T) = Vg, t) + f(x,t), 0<t<T 0<x<1 (1)
with the initial conditions,
V(0,t) = v, (¢t) V(,t) =v,(t), 0<t<T 2
and boundary conditions,
V(ixo)=v,(x), 0<x<1 (3)
Now applying laplace transform to (1)-(3) we have,
[Z5%) — k(x)D, + g'(x,2)|v(x,2) = G(x,2),x € (4)

as G(x,z) = f'(x,2) + Z*X) 1y, (5)
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The solution u(x, t) of Problems (1)—(3) can be obtained by using inverse Laplace transform.

c+ico

Vix,t) = if

t _ 1 t s
—J 1o €5 V(x, 2)dz = %fwez (x,z)dz, c¢>c, (6)

The complex contour integral (6) must be approximated along the selected path,which might
be parabolic, hyperbolic etc, in order to solve problem (1)-(3). Due to the nature of slowly
decaying transform V(x,z),z = o + iy as |y| = oo, and contour integral of high oscillatory
exponential factor, the numerical integration of Eq (6) is very hard to calculate. We employed
two different sorts of contours for our approximation: parabolic and hyperbolic, respectively.

The parameterization of the parabolic contour in [15] is as
z = u(l +is)?,

for the path s = y + ic,where c > 0 and — o < y < oo, the contour in parabolic form can
be as,

z(y) = u((1 = c)* —y*) + 2ipy (1 — ¢). (7)

The governing width parameter u for the given contour is shown below,

_ T m _ V8A+1 _ 1
Where u = NTEEI A can be calculated as K = I and M = o

To calculate the error estimate order we have,

E; = |vg(x, t) — v(x, t)]| YM), while M — oo (8)

21T
=0
Where M is defined as m = % k is step size of trapezoidal rule and, m is the number of
quadrature points.

The hyperbolic contour in [16] may be expressed as,
z¥)=w+ A1 —sin(§ —iy)), —o <y < x, 9)
here 0 < § < f—im ,and m < f <m, w =0, A>0,see [15]

in which [15] the integral from (6) is given as,

v(x,t) = — [ 2™t p(x, 2()) () d(H) (10)
An error estimate is provided as,
E; = v (x,t) —v(x, )| = 0((p,M)e ™M) (11)

and i(x) = max(1,log(1/x)), p=(1-0) 77/b, r=2nr, r>0 0<6<1,
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pr = 07tsin(8 —r) /b,where ¥ = 2mr, b = cosh™1(1/(67sin(6))),
Wheret =t,/T, t,<t<T,0<t,<T, A=6rM/(bT)andk =b/M.
Implementing the trapezoidal rule [15] to (10) produced the results shown below
ve(x,t) = 2= XM %t v(x, )7 (12)
The step size in this case is k.

STABILITY

The stability of systems is explored by [17] in the discrete form, and the system is expressed
as follows:

WU =j (13)

W is a N*N sparse matrix that may be obtained in differentiation using a method based on
local kernel. Stability constant, according to the system, is as follows:

__ sup U
€= vzojwuy (14)

the value of C is finite when any kind of discrete norm ||.|| on R is used. The preceding
equation may be expressed as follows:

_1_ vl
Wi oL < C (15)

writing W in pseudo-inverse W form, we have,

_ sup Iwtwl
I wti= = (16)
now we can write the following,
1.
> sup IWTWUI — sup ol —
IWENZ yowao Iwull U=0 ywu ¢ (17)

Using Egs. (15) and (17), the stability constant C's limits are defined. Despite the
computationally intensive nature of the calculation of the pseudo-inverse for the approximate
solutions of system (13), the numeric stability is guaranteed in this. The MATLAB’s condest
function is giving the estimate L., norm of W =1, When it comes to square systems, we have,

C= condst(W") (18)

Wlloo

This role is completed with the fewest possible calculations and is for our sparse
differentiation matrix W.
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APPROXIMATION BASED ON KERNEL

We use radial basis function to discretize the transformed problem (4). In bounded domain €,
let x;,i =1, 2, ..., N be the center points and for each point x; , i =1, 2, ..., N there is a
subdomain Qi . The function v(x) can be approximated by creating local sub domain Qi, | =
1, 2, ..., N by the following equation,

() = Tajen 40 (1% — %11) (19)

Each node xi has a local domain Qi that is surrounded by n other nodes. As a result, we get
the following. Given are N linear systems, each of order n*n.

GV (8 57 8 cen e

W N N

which could be expressed as
vl = BiA! (21)

Here we havegl,, = ¢ (||x; — xm|l), x,Xm € £2;. Blis referred local interpolation matrix.
From above we can approximate Lv(x;), which gives,

Ly (%)) = Xujeq 4L (I12: — x511) (22)
(22) in vector form may be expressed as
Lv(x;) = GL A, (23)
Where G' = L' (||x; — x;]1), x; € £2;, expansion coefficients A' from equation (21) given by
At = (BH) 1y,
Put the A' value in (23),
Lv(x;) = G'.(B) vt = HW', H! = G.(BH? (24)
Consequently, the approximate value of the arbitrary function in a local setting is given by
LY = HD, (25)

L is approximated by differentiation matrix H of order N X N , Every H row has N-n zero
entries and n non-zero entries. In each local domain £; there are n nodes. Similar methods
may be applied to the boundary operator B.

PROBLEM
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This section begins with a description of the fractional differential equation issue that was the
focus of this research, followed by some analytical solutions that may be used to better

understand the nature of the problem.

0%u(x,t) k 2%u(x,t)

at~ 0x?

+ f(x,t), 0<x<1 0<t<T

subject to the initial and boundary criteria listed below:
u(x,0) =0 0<x<1
u(o,t) =u(l,t)=0 0<t<T
We investigate the issue and offer a precise analytical response:
u(x,t) = t?sin(2mx)

The related forcing term can be verified by

2
I'(3—x)

t2~*sin(2mx) + 4m?t?sin(2mx)

fxt) =

Table with different N values that shows error and convergence order and M = 40,

o = 0.1541,a = 0,b = 1. we find convergence by the formula, logy, /v, Z—l
2

N Error convergence order
30 2.318E-05

35 1.889E-05 0.12

40 1.670E-05 0.07

Figure displays both the exact and approximate results.

(26)

(27)

(28)

Proceedings Book 153 . www.aegeanconference.com




INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

/U
[=}

¥  Approximate
Exact

Table displaying several x values, the exact and approximately calculated results, and error.

Y
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' Approximate results  Exact results Error

0.0 0.0 0.0 0.0
0.025000000000000 | 0.156449238010661 | 0.156434465040231 | 0.0000147731
0.050000000000000 | 0.309030531504204 | 0.309016994374947 | 0.0000135361
0.075000000000000 | 0.454001711027883 | 0.453990499739547 | 0.0000112131
0.175000000000000 | 0.891009591714526 0.891006524188368 | 0.0000030677
0.200000000000000 | 0.951058053545917 0.951056516295154 | 0.0000015435
0.250000000000000 | 0.999999196945230 | 1.000000000000000 | 0.0000008031
0.275000000000000 | 0.987686737343928 | 0.987688340595138 | 0.0000009671
0.300000000000000 | 0.951054356306205 | 0.951056516295154 | 0.0000021599
0.325000000000000 | 0.891004041297596 0.891006524188368 | 0.0000024831
0.350000000000000 | 0.809014407001321 0.809016994374947 | 0.0000025873
0.475000000000000 | 0.156433765786071 | 0.156434465040231 | 0.0000006993
0.500000000000000 | 0.000000064656501 0.000000000000000 | 0.0000000646

CONCLUSION

In this study, a numerical method of calculating differential order fractional diffusion issues
in a local environment is provided. This method makes use of the Laplace transform with
RBF functions. The recommended numerical method worked well to approximate the
difficulties. This method is effective for variable fractional order equations because it is not
time-sensitive, in contrary to finite difference estimation for fractional order operators. By
generating small size differentiation grids in local sub-domains and combining them as a
single sparse matrix in the global domain, RBF may approximate spatially operators in multi-
dimensions in the local environment.
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ABSTRACT

Plastics play an important role in our daily lives due to their ease of installation and relatively
low production costs. At present polymers are ubiquitous in all facets of our lives, hence the
imminent need to detect the mechanical behaviour of these said polymers. This research
presents new developments in the field of fracture mechanics.

The present work will be devoted to the study of the mechanical behaviour of a polymer of
type Acrylonitrile Butadiene Styrene (ABS) under uniaxial tensile loading focusing on the
influence of stress concentrations on the behavior of the studied ABS structures containing a
combined defect.
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The knowledge of the mechanical behavior of the components is essential to predict their
service life in order to avoid any fatal failure in service. In this context, our study is based on

the evolution of the stress concentration coefficient and the stress intensity factor of single
and double notched specimens.

In order to achieve this objective we have damaged the studied material (ABS) by the
realization of combined hole + single notch and hole + double notch defects.

Mots clefs: Comportement mécanique, Coefficient de concentration de contrainte, ABS,

traction, endommagement, durée de vie, Facteur d’intensité de contrainte, défaut critique

Proceedings Book 159 . www.aegeanconference.com




INTERNATIONAL AEGEAN CONFERENCES

ON INNOVATION TECHNOLOGIES & ENGINEERING-VI
December 20-22, 2022

ANALYSIS OF THE BENEFITS OF PURWACENG AS A MEDICINAL PLANT

Shinta Dewi
Uin KH Abdurrahman Wahid Pekalongan Indonesia
ORCID: 0000-0001-9543-6840

ABSTRACT

Purwaceng is a commercial herbaceous | plant whose roots are medicinal as an aphrodisiac,
diuretic, and tonic. The plant is native to Indonesia that lives endemic to mountainous areas
such as the Dieng plateau in Central Java, Mount Pangrango in West Java, and mountainous
areas in East Java. The purwaceng population is already rare because it has undergone
massive genetic erosion, currently the plant is only found in the Dieng plateau.

Based on several studies from the purwaceng plant, purwaceng content was found such as
coumarin derivatives, sterols, saponins, and alkaloids. Data from the Research Center for
Medicinal and Aromatic Plants shows that other purwaceng content is lomonene compounds,
kafaet acid, skualena, dianethole, isoorientin, anisketone, and hydrokinone. Based on the
content in it, purwaceng is also believed to be one of the aphrodisiacs.

Purwaceng is included in herbal plants that can provide various health benefits, including:
increasing male virility, increasing female sexual desire, overcoming fungal infections,
improving blood circulation, pain and fever relief, preventing cancer and tumors, maintaining
muscle health, increasing stamina, and anti-cold medicine. To get noticeable efficacy,
Purwaceng should be taken regularly for 7-15 days. In addition, this plant is also efficacious
in warming the body, nerves and muscles, eliminating colds and soreness, promoting
urination, analgetic drugs (relieving pain), lowering heat, deworming, antibacterial and anti-
cancer. The original Purwaceng has a distinctive taste, which is spicy, which is produced by
its roots and seeds.

Keywords: Medicinal Plant, Aromatic, Purwaceng
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PECULIARITIES IN DETERMINING THE EFFECTIVENESS OF
ENVIRONMENTAL PROTECTION ACTIVITIES

M. As. Michailov
Assoc. Prof. PhD — SWU “Neofit Rilski” — Bulgaria

ABSTRACT

Questions about the need for analysis and more precise assessments of the various
environmental protection activities are discussed. An approach is proposed for a more
categorical presentation of the benefit of these activities, i.e., to prove their effectiveness.

Keywords: Environmental Activities, Anthropogenic Impact On Watercourses, Effectiveness
Of Environmental Protection Activities

INTRODUCTION

A few contemporary examples can be found in various publications, through which to
provoke more serious reflections on the evaluation of actions in the field of environmental
protection. Whatever methodology is applied in determining the meaning of all types of
environmental protection activities, their benefit should be taken into account, i.e. their
effectiveness.

It is imperative to understand "that environmental protection activities" are not just an
appendage to the science of "ecology", but that it is a specific period in the development of
the world during which specific evaluations of the effectiveness of human activities are
imperative

i.e., is to assess the effectiveness of anthropogenic impact on the environment.
In ecology, one usually deals with concepts such as biotic, abiotic and anthopogenic factors.

Through them, it is assumed that the various states, influences and impacts on ecosystems are
covered.

But such concepts are also used in other sciences that also have interests in this field. That is
why basic questions about the evaluations of the effectiveness of environmental protection
actions are considered here, i.e. how the benefit of such type of activities is determined.

By answering such questions and summarizing them, we can hope for adequate assessments
of the effectiveness of various environmental protection activities.
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It is no longer enough to count the so-called biotic and abiotic factors of ecology among the
commonly known factors. anthropogenic factors and thus be considered to end the nature and
significance of environmental protection activities.

In this regard, it is worth commenting on the practice of explaining various laws from the
field of ecology (law of the minimum, law of tolerance or law of the joint action of ecological
factors [Shelford's law of tolerance] - fig.1) and not delving into the essence of conservation
of the environment (as a specific scientific field, as a niche for economic realizations and
social manifestations, etc.).

A more serious consideration of the role of basic laws in ecology and environmental
protection is required, especially in relation to justification and evaluations of the

effectiveness
Range of tolerance

Optimum Range
- > |

I
l
I
i

Population size

No individuals
Few individuals
Few individuals
No individuals

Abundance of individuals

Environmental factor

Fig. 1 Graphical representation of Shelford's Law of Tolerance [7 ]

of specific activities, through which to limit the anthropogenic impact (avalanche-like
growing) in modern society.

MATERIALS AND METHODS

The popularization of campaign concepts in environmental protection activities cannot fulfill
their essence and, what is more important, provide an opportunity for real evaluation of the
effectiveness of such type of activities. The goal is not to report expenses, but to generate
revenue.
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In relation to the said situation, it is relevant to note the fact that still in the system of NSI
(National Statistical Institute) [https://nsi.ba/ba//2582-Ecology7.1.xls] a platform “expenses
for restoration and protection of the environment™ is maintained.

It is imperative that this situation be changed. Conservation supports the restoration of the
environment, but to realize this restoration, other activities must also be implemented.

Arguments for including data on "circulating water supply" in environmental protection
activities are controversial, as such practices are part of the "rational use of water resources"
and it does not make much sense to associate it with "environmental protection”

Costs for protection and restoration of the environment[NSI]
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Fig. 2

The one shown in fig. 2 information on “expenses for environmental protection and
restoration™ in the period 2010-2020 provides an opportunity for a more serious consideration
of this type of activity, for which it is important to explain their expediency, i.e. they need an
economic evaluation of their benefit ie. for their effectiveness.

But if one looks more seriously into this information, one (rather unpleasant) finding can be
made - less than 1% of all stated expenses [https://nsi.ba/bo//2582-Ecology7.1.xIs] are
allocated to research and educational activities.

Based on this finding, it should be summarized - the various activities in the field of
environmental protection are not given serious attention, which can be taken as an argument
for a much more serious attitude to the evaluations of the effectiveness of activities in the
field of environmental protection.

By means of the following figure (fig. 3) one can very easily get an idea of the allocation of
funds for these activities [https://nsi.ba/bg//2582-Ecology7.1.xls]. Based on such information,
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the question of the meaning and evaluations of environmental protection activities arises. And
the logical conclusion is that we cannot expect good results when the plans for achieving them
are not sufficiently scientifically substantiated. On this occasion, we should pay attention to
the justifications for the nature of environmental impact assessment (EIA) activities.

It is inexplicable why the law on environmental protection [Environmental Protection law -
https://lex.bg/laws/] provides for environmental impact assessments, when through the
implementation of "plans, programs and investment proposals for construction, activities and
technologies or their changes, the implementation of which is possible significant impacts' on
the environment.

It appears that this law applies to "significant impacts™ but not to "minor" or other types of
impacts.

Resources, spent on EIA (as %), compared to the costs of the
environmental protection

EIA costs, as %
(=] (=] o
=] o = =] T o
wu [ wu (¥} (¥a] w

o

2010 2011 2012 2013 2014*  2015* 2016* 2017 2018 2019 2020

Years
Fig. 3

Based on the stated arguments, a position should be clearly expressed in relation to the
various environmental protection activities.

This specific activity needs a substantial scientific and research basis, based on which to
implement practical programs and plans, according to specific justifications and evaluations
of their effectiveness.

In accordance with the stated position, it is imperative to pay attention to the nature of
environmental protection activities. In the conditions of the increasingly looming
anthropogenic impact, it is especially imperative to delve into it, i.e. the perception of
environmental protection activities as being easy to implement is deeply flawed.
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With the various activities in this area, it is imperative to evaluate their results, i.e. to evaluate
their effectiveness. That is why it is expedient to take a much more serious approach and to
analyze similar approaches applied in other branches of the Society's economy. In various
editions and publications, mixing is allowed in the analyzes of environmental problems and
problems in environmental protection activities.

For example, ideas for company development, business development, etc. continue to spread
[Kotter John P.-1996] without considering the challenges that may arise from this in terms of
environmental protection. The engagement of individual media and non-governmental
structures with this type of activity does not correspond to the importance of the problem of
increasing anthropogenic impact.

The analysis of the results of several events with an environmental focus (campaigns, NGO-
initiatives, etc.) shows that such an approach is insufficiently effective. It is one thing to
launch ideas for ecological thinking and solving environmental problems, and quite another to
implement and manage environmental protection activities, i.e. to limit the negative
anthropogenic impact.

As an example of the topicality of the discussed theme, it is worth paying more serious
attention to the figure (fig. 4), commented on [Hydroecology and Ecohydrology: Past, Present
and Future. Edited by P. J. Wood and all.].

The increased interest in environmental topics (especially at the end of the XX century and
the beginning of the XXI century) is impressive. In this regard, the considerations set out here
are aimed at greater efficiency of environmental protection activities.
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Number of peer-reviewed journal articles using the terms, ecohydrology and
hydroecology (1991 - 2006)
according to [Hydroecology and Ecohydrology: Past, Present and Future. Edited by P. J. Wood, D. M.
Hannah, J.P. Sadler. John Wiley & Sons Ltd. 2007]

Fig. 4

Given the stated position, it is suggested that the environmental protection activities described
in this way should be viewed as all other human activities, according to the presented
structural-functional management model [Hristov Hr.-1980] (fig. 5) i.e. regardless of the level
(local, regional, national or international) of management activity, the type of tasks performed
(scientific - research, design, construction - assembly activities, organizational, etc.) and
functions (planning, implementation, control, legislation and etc.) the relevant actions for
environmental protection must be carried out.
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Structure and functional management model
Fig. 5

For this purpose, it is imperative to structure all attributes, as in other human activities -
domestic, financial, social, industrial, etc. As with them, such structuring covers:

- scientific-research and methodical.
- organizational (executive — monitoring, control, etc.).

- legislative, etc.
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In this way, it will be possible to differentiate their functions more correctly and to
evaluate the achieved results.

On this basis, the following approach is proposed to overcome doubts about the benefits of
environmental protection activities and to implement them as those committed to reducing
and limiting the negative anthropogenic impact on the environment.

In this regard, we should pay attention to the rationale for the nature of environmental impact
assessment (EIA) activities. It is inexplicable why the Environmental Protection Act [4]
provides for provisions on environmental impact assessments, when through the
implementation of “plans, programs and investment proposals for construction, activities and
technologies or their amendments, the implementation of which is possible significant
impacts” on the environment. It seems that this law applies to "significant impacts", but not to
"minor" or other types of impacts.

Taking into account the stated position, it is imperative to pay attention to the nature of
environmental protection activities. In the conditions of the more and more emerging
anthropogenic impact, it is especially necessary to understand it, ie. the notion that
environmental activities are easily feasible is deeply flawed.

In the centuries-old history of economic development, attention has always been paid to the
value of output and to analyze similar approaches applied in other sectors of the Company's
economy.. The value expressed the causal link between the price of the product produced and
the costs necessary for its production.

On this basis, the value of each product can be represented as:

Prij = Rijj + Sij+ Lijj (1)

where: Prij - the value of a any product (i) of a any company (j),
Rijj - resources (raw materials) for a given product (i) of a company(j),
Sij - service (electricity, water, heating) in the production of a given
product (i) of a company (j) ,
Lij - labor for the production of a any product (i) of a company (j).

It’s clear, there are three main groups of factors in this relationship, all three of which are
related to our environment. In general, the activities of all types of production should take into
account these factors.
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The assessment of raw materials (resources) is absolutely mandatory in the marketing of any
activity related to the production of all types of products. Due to the limitations that stand out
in the future, it is necessary to pay even more attention to this factor. No less important is the
attitude towards the other two groups of factors. The inclusion of these factors is mandatory,
both in the assessments of marketing activities and in those related to the protection of the
environment.

The presented dependence (1) is general for all types of economic activities, as it covers and
reflects the main influencing elements in the production of products. However, this does not
cover all groups of factors relevant to environmental impact assessments.

Therefore, it is appropriate to work on the dependence to assess the effectiveness of different
types of activities in marketing, from one side, and environmental protection, from the other.

RESULTS

Its additional provisions introduce such as " effectivety ", "efficiency”, "economy". They can
help to refine some activities of the Court of Auditors [Law on the National Audit Office -
www.lex.ba/ba/laws/Idoc], but for the needs of the proposed research it is appropriate to work
with the effectiveness of the various types of activities:

Ete, ij = Epr, ij + Esup, ij + Ele, ij + Etr, ij + Emar, ij + Econs, ij = max (2)
where:

Ete, ij - total efficiency of the activity for a given product (i) in a given company (j);

Epr, ij - efficiency in the production of a product (i) in a company (j);

Esup, ij - efficiency in providing support (service) activities ensuring the production of a
product (i) in a given company (j), for example for electricity, water, heating
and others.;

Ele, ij - labor efficiency in the production of a product (i) in a given company (j);

Etr, ij - efficiency in the transport of a product (i) in a company (j) to retail outlets or to
CONsumers;
Emar, ij - efficiency in the realization of a given product (i) in a given company (j)
on the market);
Econs, ij - efficiency at the consumer of a product (i) in a company (j) -
(Are his needs met and to what extent).
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As a variant of the above dependence, it can also be presented as a dependence for assessing
the appropriateness of costs throughout the production-market-consumer chain:

Ct, ij = Cpiij + Canc,ij + Ci,ij + Ctr, ij + Cmark, ij + Ccons, ij = min 3)
where:

Cy, ij - total cost of a product (i) in a company (j);

Cy, ij - total costs of production of a product (i) in a company (j);

Canc, ij - total costs of providing ancillary activities, providing the production of a product (i)
in a company (j), for example for electricity supply, water supply, heating, etc .;

C,, ij - total labor costs in the production of a product (i) in a given company (s);

Cir, ij - total transport costs of a product (i) in a company (j) to retail outlets or to consumers;

Chmark, ij - total costs of selling a product (i) in a company (j) on the market;

Ceons, ij - total costs to the consumer of a product (i) in a company (j) —
(Are his needs met and to what extent).

DISCUSSION

By summarizing all of the above, it is possible to look for an opportunity to evaluate
environmental activities, for example through the attitude

E=2 4)

where: E - effectiveness of the various types of environmental activities:
R - revenues from the efficient production of goods and services;
C - costs incurred for the specified activities.

The great variety of activities in the Society, valued through the means of production and
consumption, should be complemented by the activities of environmental protection, ie. and
for this type of activities it is imperative to look for efficiency in their implementation.

The essential point in this idea is to evaluate the activities for environmental protection both
in terms of the costs for them, but also in terms of the achieved results, ie.

Eep = Rep + Cep, (5)

where: Eep - the efficiency of the implemented activities under environmental
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protection;

Rep - revenues and profits from environmental protection activities
(including intangible);

Cep - the costs of these activities.

Through the above proposals and their implementation in practice, we can hope for better
(more effective) results from the various activities in the field of environmental protection. In
this connection it is pertinent to recall a quotation from Carl Jung (1875 — 1961), namely ,,We
cannot change anything unless we accept it “[C.G.Jung-1985].

CONCLUSION

On this basis, the proposed equation (4) should be presented in the form

R+Rep

E= 6
C+Cep ©)

This provides an opportunity for more effective evaluation of the results of the various
environmental activities and the same not to be considered only as an initiative of individual
campaigns or initiatives of NGOs.
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ABSTRACT

In order to enhance the traditional grids based on Alternate Current, this article will examine
several HVDC (High Voltage Direct Current) system topologies that may be used. The
investigation of DC-link failures and recovery scenarios based on a 12-pulse HVDC link
system is also covered in the second part of this work. Given that the DC-link to ground fault
is one of the most severe failures that may occur on an HVDC-link, two DC-fault scenarios
are explored in order to understand how the system would behave in the presence of this fault
type. One scenario occurs at the rectifier's transmitting end, and the other at the inverter's
receiving end. The faults are primarily used to test the proposed DC fault prevention function
and to analyze the dynamic performance of the recovery of the HVDC-link system following
faults. Additionally investigated is the effect of the Voltage Dependent Current Order Limiter
(VDCOL) function. The HVDC-link system is modeled and simulated using the digital real-
time simulator laboratory (RT-Lab) platform. To achieve a high performance recovery from
the fault, the preservation of system stability is explored. High performance recovery from the
faults is demonstrated by the ramp-up recovery approach employed in the DC-bus voltage
restoration supplied by the VDCOL-function and the validated functioning of the protection
function against DC faults.

Keyword: HVDC link, Mono-polar link, AC grids, DC faults, DC protection function.
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ABSTRACT

Acrtificial neural networks (NN) are one of the most powerful artificial intelligence techniques
for estimating the unknown dynamics of systems due to their superior learning and adaptation
capabilities. NNs can be used for estimation of the dynamics of an unknown system or
directly as an adaptive controller architecture. For this reason, in this study, an adaptive neural
network controller has been proposed for nonlinear dynamical systems. Since the control
performance is directly dependent on the network structure, the controller performance for
different number of neurons and activation functions has been evaluated on a time-varying
nonlinear system. According to the acquired results, it can be concluded that activation
function type has more effect on control performance than the number of neurons. The NN
controller parameters are optimized via gradient descent algorithm. The NN controller has
been assessed for nominal, measurement noise and parametric uncertainty cases that are
significant for adaptive control architectures. The learning and adaptation ability of NN
provides a robust adaptive controller for nonlinear dynamical systems.

Keywords: Adaptive Control, Activation Function, Artificial Intelligence, Learning
Theory, Neural Network Controller.

1. INTRODUCTION

The generalization and learning abilities of NN provides a powerful tool for system
identification problems. In addition to system identification problems, NN can be directly
utilized to identify the unknown dynamics of controller architectures to force the closed-loop
system output to the desired reference. Due to their learning capability, NN architectures are
often deployed in adaptive control theory. In the case that the complexity and non-linearity of
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the system increase, the classical controller becomes insufficient. Therefore, it is required to
adapt the controller parameters depending on nonlinear behavior of the controlled system.

In technical literature, there are various NN controller structures for nonlinear dynamical
systems. Yesildirek and Lewis introduced a stable NN controller for state-feedback
linearizable nonlinear system[1]. A robustifying term is added to the control law to interfuse
robustness. The stability of the controller has been examined in the sense of Lyapunov.
Mohamed et al utilized two NN architecture for model based NN controller utilized in
nonlinear control systems[2]. One of the NN is deployed to identify the jacobian information
required to adjust NN controller parameters via steepest descent and second NN is used to
identify the unknown control law[2]. Yongquan et al proposed the combination of a fuzzy and
PID type NN controller[3]. The fuzzy structure is utilized to inject nonlinearity to the error
signal, then NN is used as a cascade block to the output of the fuzzy structure[3]. Chen and
Narendra introduced an adaptive controller which is composed of a linear controller to ensure
stability and NN controller to enhance transient state behavior of the controlled system[4].
Chen et al introduced a novel NN controller based on quadratic-type Lyapunov—Krasovskii
functional for multi input multi output (MIMO) nonlinear time delay systems[5]. Ge et al
presented a NN controller architecture which estimates the derivative of the controlled output
via high-gain observer for nonlinear system[6]. Jacob and Murugan utilized NN to identify
the dynamics of the controlled system for adaptation of PID controller parameters[7]. Kim
and Lewis employed two separate NN as a controller and system model to control the
nonlinear dynamics of robot arm[8]. Levin and Narendra considered a general NN controller
for nonlinear dynamical systems in [9]. Lewis et al proposed a NN robot controller ensuring
the stability and tracking performances[10]. Nahas et al introduced a NN based nonlinear
internal model controller for SISO nonlinear systems[11]. Conjugate gradient algorithm has
been used to optimize the NN parameters[11]. Ge et al introduced adaptive neural controller
ensuring stability via backstepping design method for nonlinear systems with unknown time
delays[12]. Wang et al proposed a deterministic learning based RBF NN controller, and
persistence of excitation for RBF is analyzed[13]. Zhang et al introduced a backstepping NN
controller nonlinear dynamical system to ensure stability[14]. Huaguangand and Yongbing
proposed a controller design methodology which combines the features of fuzzy logic, NN
and linear control theory[15]. Hagan et al introduced various NN based controller
architectures for nonlinear dynamical system in [16].

In this paper, model free NN controller has been utilized for nonlinear dynamical system. The
NN controller performance has been tested for nominal, measurement noise, parametric
uncertainty cases. The attained result indicates the powerful learning capability and
generalization performance of the NN controller for nonlinear control systems.
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The organization of this paper is as follows: an overview about MLP is given in section 2.
The NN controller learning rules are derived in section 3. The controller performance is
examined in section 4, and the paper is concluded a brief conclusion part in section 5.

2. AN OVERVIEW OF MULTI LAYER PERCEPTRON

NN’s can be deployed to model the dynamics of any system by using input-output samples.
Therefore, NNs can be considered as sample based model. The common MLP network

topology is illustrated in Figure 1 where ngN denotes input layer weights, we, is output

layer weights, h(O) represents the activation function, bstands for bias, II is input vector,

y indicates the output of the NN.

1 § :
input layer  : hidden layer ::output layer:

Figure 1. MLP Structure[17][18][19][20].

NNs are composed of weights in each layer and activation functions to provide nonlinearity.
The network weights are initialized randomly at the beginning of the training. Then, using an
objective function, the training error can be backpropagated to the weights to optimize the
objective function and learn the dynamics of the system over input-output samples. The
objective function to be optimized can be derived as follows:

T, =30, e,(0=yh)-5(K)
1)

where €, is training error, Y is actual output of system and ¢ denotes estimated system

output (the NN output). The main aim in learning is to force the NN output to track the actual
system output. Gradient based methods can be utilized to optimize the given objective
function in (1). If the weight vector including all weights is considered as follows:
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_ h h o h 1.0
W= |:W1_1 Wy Wi by b :I

)
The weight vector can be optimized via Steepest descent as follows:
W =W L AW, AW = Yo
oW (3)

In order to enhance the learning capability of NN, in addition to weights, it is possible to
optimize the parameters of the activation function. By using different learning algorithms
such as Levenberg Marquardt, it is possible to enhance the convergence of the weights to their
optimal values. The derivation of the learning rules are detailed in[19][20].

3. NEURAL NETWORK CONTROLLER
NNs can be utilized to identify the dynamics of control signal. For this purpose, NNs can be
directly used as a controller as given in Figure 2 where r(k) is desired reference signal,

y(k+1) is controlled output of the system and u (k) is the control signal generated by NN

controller, w__ is input layer coefficients and v, denotes the output layer weights and h(O)
is activation function providing nonlinearity.

NN Controller

(k) h(x)

y(k+1)

Plant

h(x)

\J

h(x)

Figure 2. Neural Network Controller.
The control signal produced by NN controller can be derived as follows in matrix form.

h (k) wll(k) w2l(k)---w,, (k) || 1,(k)

u([\):[vl([\) vz(k) V,,(/\)] hz(/‘) :[V,(lt) Vz(k) Vly(k)]h WlZ(/\') sz(k)wmz(k) 1:(/\')

:::::

h, (k) wln(k) w2n(k)---w,, (k) || 1, (k) (4)
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The objective function to optimize the tracking error is determined as

Ji= %eZ(k), e(k) = r(k) - y(k)

()
The adjustable parameters of NN controller can be updated as follows:
Vnew — Vold +AV (6)
Wnew — Wold +AW
Wll"'Wml
where V =[v,....v,] and W=|. ...... |. The objective function in (5) can be minimized via
Wln""Wmn
gradient descent as follows:
aJ
v, hy (k)
szg—i:— : :—eg—y :
aJ “Un (k)
5\2,1 (7)
oJ oJ oJ V](k)%ll v](k)o—h'l,---v](k)%lm
ow, ow, Oow,, ox, ox, ~ 0x,
oJ aJ aJ Oh, oh, oh,
(k 27 (k 2] v (k 27
AW=8_J=_ aw” awyﬂ 6Wm7 =_ea_y V_( )ax’ 1 V-( )8x7 2 v_( )ax‘7 m
oW L T u|. 9 : .
o oJ oJ V"(k)%]] V,,(k)%lv"'v,,(k)%l,"
_awlu awZn aM)mn__ il axn axn ) axn J (8)

As can be clearly seen from the update rules in (7) and (8), in order to optimize the controller
parameters, it is required to use system Jacobian (S—Z). System Jacobian can be estimated via
numerical derivations as follows:

oy(k) _ y(k+1)—y(k)
ou(k) ~ u(k)—u(k-1)

(9)
By using different type of activation functions and neurons, it is possible to attain reasonable
results. Various activation functions and their derivatives are shown in Table 1.
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Table I. Various Activation Functions and their derivatives[16][19][20].

Activation Mathematical Form Derivative
Function
hy =€ =€) h(x) = (1-h(x)?)
Tanh (e"+e™)
Sigmoid hx) = — h(x) = h(x)(1~h(x)")
(I+e™)
ReL.U 0 x<0 . 0 x<0
h(x) = h(x) =
x xz0 1 xz0
Leaky hx) < 0.01x x<0 ) = 0.01 x<0
ReLU (=15 xz0 = 1 x20
Parametric P X x>0 i 1 x>0
ReLU =1 x<0 W= x<o
Swish h(x) = xsig(x) h(x) = h(x) + sig(1-h(x))
Softplus h(x) = In(1+¢) () = ——
l+e™
Softsi )
oftsign hx) = i) = 1 1
1+ x| (I+|x|)

4, SIMULATION RESULTS
The adaptation performance of the NN controller has been tested on the following nonlinear
dynamical system. As can be clearly seen from its dynamics, the system dynamics are
changed radically after k=500.

_Y(f) +1° (k) k <500
yk+1)= (k)
(k) y(k —1) y(k —2)u(k —1)(y(k - 2)—1)+a(k)“(k) k> 500
l+y (k—l)-+-y (k-2) (10)

The controller performance has been evaluated for different types of activation functions for
N=5(neuron number in hidden layer). The performance index given below is used to
constitute Table 2 for various activation functions given in Table 1.

J, i%ez(k)
! (11)
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Table 11. Comparison of Activation Functions in Table 1 for N=5.

A R
Tanh 17.1791
Sigmoid 0.3807
ReLU 17.3049
Leaky ReLU 17.5271
Parametric ReLU 17.8806
Swish 23.5253
Softplus 0.4254
Softsign 18.0609

It has been observed that the type of the activation function is more effective than neuron
numbers. As given in Table 2, Sigmoid and Softplus activation functions have superior
performance if it is compared with other activation functions. Swish has the worst
performance. The adaptation performance of the NN controller has been investigated for
nominal, measurement noise and parametric uncertainty cases.

4.1. Nominal Case
The control performance of NN controller is illustrated in Figure 3. It is clearly seen that the
system output tracks the desired reference signal accurately.
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Figure 3. System Output and Reference Signal(a), Control Signal(b) for nominal case.

The evaluation of the NN weights are given in Figure 4. Depending on alternation of
reference signal, the controller parameters are optimized to force to their sub/optimal values.
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Figure 4. Weights of input(a,b) and output layers(c,d).

The system Jacobian and learning rate are shown in Figure 5.
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Figure 5. Jacobian(a) and Learning Rate(b).

4.2. Measurement Noise Case
The controlled output of the system is exposed to 30 dB measurement noise. The tracking
performance of the closed—loop system is depictured in Figure6. Thus, the robustness of the
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NN controller for uncertainties resulting from measurement devices has been observed in
Figure 6.
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Figure 6. System Output and Reference Signal(a), Control Signal(b) for measurement noise case.

4.3. Parametric Uncertainty Case
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Figure 7. System Output and Reference Signal(a), Control Signal(b), uncertain parameter (c)
for parametric uncertainty case.
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In order to evaluate the robustness with respect to parametric uncertainty, a(k) in (10) is

chosen as uncertain parameter. The closed-loop system performance is depicted in Figure7.
Figure 7 (c) is uncertainty system parameter. The NN controller successfully rejects the
parametric uncertainty in system dynamics.

5. CONCLUSION AND FUTURE WORKS

In this paper, the performance of MLP-NN controller has been examined on nonlinear
dynamical system by considering various types of activation functions. The learning ability of
NN provides a adaptation ability to NN controller against the uncertainties arised due to
internal and external factors. The learning and control performance of NN controller is
investigated for nominal, measuring noise and parametric uncertainty conditions, which are
very important for control systems. The results show that the controller structure provides a
very fast adaptation to uncertainties.

As future work, it is planned to adapt the weights with high-order learning rules to increase
the convergence of the parameters.
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ABSTRACT

Sliding Mode Controller (SMC) architectures are frequently utilized for the control of
nonlinear dynamical systems owing to the robustness and stability features they provide.
Switching functions providing a smooth transition can be deployed to overcome the chattering
phenomenon in SMC. Time-varying sliding surfaces can be chosen so that the error dynamics
of the controlled system can reach the sliding surface in a short time. For this purpose, in this
study, the slope of the sliding surface and gain of the switching function are considered as
adjustable parameters of the SMC. Model free adjustment mechanism based on steepest
descent and Levenberg-Marquardt has been introduced to optimize the parameter of the
sliding surface. Numerical differentiation has been preferred to estimate the system jacobian
information. The control performance and robustness of the introduced adjustment
mechanism has been evaluated on nonlinear inverted pendulum system for nominal,
measurement noise, parametric uncertainty and input disturbance cases. The attained results
indicate that the introduced adjustment mechnanism for SMC parameters enhances the
controller performance for uncertainties.

Keywords: Adaptive Control, Adaptive Sliding Surface, Nonlinear Inverted Pendulum,
Sliding Mode Controller.

1. INTRODUCTION

In control systems, robustness is the most important factor that determines control
performance and stability, both for traditional controller structures (PID, LQR, etc.) and for
adaptive controller architectures. For this reason, the robustness of adaptation architectures
affects the stability of adaptation mechanisms against uncertainty. Sliding Mode Controller
(SMC) structure, one of the robust control method, is the most effective method used to
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guarantee stability in control systems. Derived from the Lyapunov stability theorem, this
controller mechanism provides effective performance in the control of nonlinear systems.
Basically, the SMC structure contains two main phases called as reaching and sliding phases.
For the reaching phase, the control signal that will lead the error dynamics from a random
initial point to a predetermined stable sliding surface is derived over system and sliding
surface dynamics. This control law is called as the equivalent control law. In addtion to
equivalent control law, in order to hold the system dynamics on sliding surface, it is required
to use a discontinous control law ensuring stability of the controller. For this reason, by
applying a discontinuous control law (switching law) to bring back the system dynamics
deviating from the surface, both the system dynamics are kept on the sliding surface and the
stability is guaranteed. Due to the discontinuous control signal, various continuous switching
structures have been proposed to overcome this natural phenomenon called chattering on the
sliding surface, which causes high frequency components to contaminate the control signal.

Various SMC architectures have been presented in the technical literature. Tokat et al
introduced a new sliding surface which is linear combination of original sliding surface and
perpendicular surface to the original sliding surface[1]. Levant proposed a new single-input
single-output (SISO) NCC structure with arbitrary degrees[2]. Tokat et al proposed to define a
new sliding surface which is combination of original sliding surface and orthogonal surface to
original sliding surface[3]. In architectures in which the effectiveness of time-varying linear
sliding surfaces is insufficient, non-linear slip surfaces can be preferred. Tokat et al proposed
a new technique to nonlinear sliding surface design for high-order systems, primarily based
totally at the definition of a new coordinate axis[4]. A constant and non-linear sliding surface
is offered on this newly described coordinate axis[4].One of the main problem with inside the
time-varying sliding surface design problem is to decide the best values of the design
parameters relying at the initial condition[4][5]. When the initial conditions of the system
change, the parameters of the time-varying sliding surface want to be recalculated to attain the
preferred performance[4]. Therefore, a new SMC structure primarily based totally on a guide
vector system has been proposed for the estimation of time-varying sliding surface parameters
to respond to a change in system initial conditions[4]. Tokat et al utilized a time-varying
nonlinear sliding surface changed into proposed by [6][7]. This nonlinear surface is then
moved in the suitable direction the usage of a time varying function[6][7]. Kaya used the bee
colony algorithm, which is a swarm algorithm, to optimize the parameters of the SMCJ8].
Adaptation mechanisms may be used to enhance the overall performance of the SMC
structure. Tokat et al proposed new methods with inside the SMC structure where in the slope
of the linear sliding surface is adapted online[9]. Eray and Tokat used type 1 and type 2 fuzzy
inference mechanisms to adapt the parameter of the time-varying sliding surface [10]. Aydin
and Tokat provided a special-cause approach with the state-based sliding surface algorithm
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for the control of the coupled tank system, in which state variables are described because the
liquid ranges of the tanks[11].

In this article, the adaptive sliding mode control for inverted pendulum system is introduced.
The slope of the sliding surface and gain of switching function are adjusted via model free
adaptation mechanism based on gradient descent and levenberg marquardt. The adjsutment
mechansism has been assessed for nominal, measurment noise, input disturbance and
parametric uncertainty cases. Thus, the effectiveness of the SMC on nonlinear dynamical
system has been evaluated.

This paper is organized as follows: Sliding mode control is given in section 2. Adaptive
sliding mode control is given in section 3. Simulations results are given in section 4. The
paper ends with a brief conclusion and future works part in section 5.

2. FUNDAMENTALS OF SLIDING MODE CONTROL

SMC is a non-linear robust control method preferred against various external and internal
factors affecting the control performance such as modeling errors, parametric uncertainties,
disturbances and measurement noises. Since the control laws for SMC are derived over
Lyapunov stability theory, SMC presents stable and robust performances for nonlinear
dynamical systems. There are two main phases in sliding mode control[12][13]. These are the
reaching and sliding phases. The reaching phase is the part of dragging the system error
dynamics to the sliding surface, and the sliding phase is the part of the error dynamics going
to the origin. Figure 1 shows the graphical representation of the SMC phases. The error
dynamics of the controlled system tends to deviate from sliding surface due to model
uncertainties, disturbances, measurement noise, parametric uncertainities etc. Switching
control law ensuring the stability is required used in order to keep the system dynamics on the
sliding surface. Sudden transitions in switching function can cause high frequency
components on the control signal that are going to excite the high frequency dynamics of the
controlled system. This phenomenon is called as "chattering"[14].

de
dt

a
»

reaching mode

reaching mode
sliding mode origin
p €

<
- \ sliding mode

sliding surface

/ s=0

Figure 1. Reaching and sliding phases of sliding mode control [14][15]
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Lets consider a second-order nonlinear system given below[16]:

(t)

TR X, (t)

%0 x @)+ gx puty - 0 )
YO =)

In (1), the control signal is given as u(t), y(t) indicates the system output, f(x(t)) and g(x(t))

are nonlinear subdynamics of system and xeR" stands for the state vector[16]. As can be
clearly seen in the following equations, since the denominator term of the control signal will
be g(x(t)), g(x(t)=0 has to be satisfied for the system in (1) to be controllable[16]. The system
dynamics are forced to the following PD type sliding surface:

de(t)

s(t) = +6e(t) (2)

where e(t) given in (3) represents error states for controlled system output, ¢ is sliding surface
parameter, and must satisfy Hurwitz condition(4>0) [12].

e() =r(—-y® ©)

and r(t) denotes the desired reference. The following candidate Lyapunov function can be
utilized to derive the control laws of SMC over s(t):

V(1) = %[s(t)]z (@)

The stable control laws can be derived by taking into account V(t)>0 and <0 for s(t)#0

dv (t)
dt

conditions[17][18][19]. The SMC law is composed of continuous (U,) and discontinuous

ds(t)
d

parts(U,). In order to attain the continuous part of control Iaw(Ueq),—t:O has to be

satisfied as given below expression:

ds(t) _de(t) ,de(t) _d’r(t) _d*y(n  de(t)
dt dt? dt dt? dt? dt
95O _ 9O fox 1) - g(x @), 0 + 0D —0 (5)
dt dt dt
1 ) de(t)
=g+ X )+ 0]

The discontinuous part (u,, ) ensuring the stability can be derived as follows[20]:
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1

Uy, (t) = m[,asgn(s(t)ﬂ (6)
Thus, the combined SMC law can be rewritten as follows:
3 3 1 d2r(t) de(t)
u(t) =, (t)+ug,(t)= TXO)| a + f(X(t))+9?+ysgn(s(t)) @)

The SMC architecture is depicted in Figure 2.

Equivalent e
Control

Y
r System »
System
Reference Ly - - y
A Slldlr)g Swwehlng Output
SIgnaI Function Function
—» U,

Figure 2. Architecture of SMC system [12][14].

Switching functions with smooth transition such as saturation, tanh etc given in Figure 3 can
be used to overcome the chattering phenomenon.

sat(s(t)/A) tanh(‘s(t), P)
A A

cpS(t) _e*pS(t)
tanh(s(t), p) = W 1

A
\4
w
—~
—
=

A

T ' »s(t)

i A —J
! 1 | -1

Figure 3. Chattering Free Switching Functions[14].
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3. ADAPTIVE SLIDING MODE CONTROL
The introduced learning mechanism for SMC is illustrated in figure 4.

Adaptive Sliding Mode Controller

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

A4

Equivalent Ueq
Control
y
________________________________________ , System >
E System
' : Slidi Switching Output
e iding _
Reference ] Function Function "L~
Signal 4
0
lecccccccccccccccccccneeccscaccccacaacns
O N T T T T P *
A4
Parameter System
Optimizer ‘6)7 Jacobian
ou

Figure 4. Learning mechanism for SMC

The aim of the adaptation mechanism is to optimize the sliding surface and switching function
parameters in order to force the sliding surface the error dynamics of the system. Thus, the
error dynamics can reach the stable sliding surface as soon as possible. The u parameter is
utilized to hold the system dynamics on sliding surface to provide robustness and stability to
the control law. The @ and x can be optimized as follows via Gradient descent.

Ok +1) =0(k)+A0(k)

AOK) = —n DK :_ﬂ{ 23(K) uy(K) | BI(K) duy, (K) of,, () as(k)}
06(k) du (k) 80(k)  ou,, (k) of, (k) és(k) aa(K)
23 (k) de(k) ay(k) | au(k) Auq (k) au(k) au, (k) af.,(k) as(k)
AO(k) =-n +
de(k) dy(k) au(k)| du, (k) 00(k)  au,,(k) of,, (k) ds(k) a6(k) (8)
p(k+1) = p(k) + Ap(k)
A(K) =1 dJ(k) _ (k) e(k) dy(k) au(k) oug,(k)

ou() " de(k) ay(k) au(k) du,, (k) ou(k)

Au(k) = ne(k)jyu—g"k; f.(5.0)

The update rules can derived via Levenberg-Marquardt as follows:
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F(kﬂ)}zr(k)}(f\] +71 )’1JTe

p(k+1) | [ u(k)
_[eeau e
ou 06 oudu

(9)

4. SIMULATIONS
The performance of the adaptive SMC has been tested on nonlinear inverted pendulum

system illustrated in Figure 5.

H o] H
1

Figure 5. Inverted Pendulum System[12]

Adaptive SMC has been evaluated for nominal, measurement noise, input disturbance and
parametric uncertianty cases. The dynamics of the IP can be expressed via the following
differential equation set[12]:

_ gsinx —mlx; cosx,sinx /(m, +m)
1(4/3-mcos® x, /(m_ +m))

f (%)

(10)
cos x, /(m, +m)
1(4/3-mcos® x, /(m_ +m))

9(x) =

where g =9.8m/s*, m_is the vehicle mass, m_ =1kg, m is the mass of pendulum bar,

m=0.1kg, | is one half of pendulum length, 1 =0.5m u is the control input[12].

4.1. Nominal Case
The tracking performance for staircase reference input is given in Figure 6 The control signal
produced by SMC is given in Figure 6 (a). The evaluation of the & and x parameters are

shown in Figure 6 (b).
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Adaptive SMC forces the controlled output to track the desired reference signal as close as
possible.

(a)

0.15 T T T T T T T

—(t)

—U)

0.1 4

0.05F b

0 20 40 60 80 100 120 140 160 180 200

(b)

_2 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200

Time[sec]

Figure 6. System Output (a) , and control signal (b) for nominal case.
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Figure 7. Evaluation of SMC parameters for nominal case.
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4.2. Measurement Noise Case

In order to test the controller performance for measurement noise case, the controlled output
of the system is exposed to a gaussian measurement noise. The control performance and the
adaptive controller paramteters are given in figure 8 (a) and (b) respectively.

(a)
015F T T T T T 7
: — ()
—— (1)
0.1 r 7
0.05F b
O Il 1 1 Il 1 1 Il | -
0 20 40 60 80 100 120 140 160 180 200
(b)

0 20 40 60 80 100 120 140 160 180 200
Time[sec]

Figure 8. System Output (a) , and control signal (b) for measurement noise case.
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Time[sec]

Figure 9. Evaluation of SMC parameters for measurement noise case.
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4.3. Parametric Uncertainty Case

The robustness of the SMC has been examined for parametric uncertainty case. For this
2r
100
tracking performance for parametric uncertainty case is depictured in Figure 10. The

controller parameters are adjusted to overcome the uncertainty in system parameter as given
in Figure 11.

. ) _ 5 .
purpose, m is chosen as an uncertain parameters given as m(t):0.1+msm( t). The

(a)
0.15 T T T T T T T T
—_—(t)
—y(t)
0.1 i
0.05F i
0 1 1 1 1 1 1 1 L |
0 20 40 60 80 100 120 140 160 180 200
(b)
T T
—_—u(t)
- 1 1 1
0 20 40 60 80 100 120 140 160 180 200
(c) Time[sec]
0.105 T
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0.095 : :
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Time[sec]

Figure 70. System Output (a) , control signal (b) and uncertain parameter (c).
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Figure 11. Evaluation of SMC parameters for parametric uncertainy case.

4.4. Input Disturbance Case

An sinusoidal type input disturbance (u, (t) = o_ossin(é_gt)) has been applied to the control

input to examine the disturbance rejection skills of SMC.

(a)
,\ T , \ T I/-\ T ,‘\ T
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Time[sec]

Figure 12. System Output (a) , and control signal (b) for input disturbance case.
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The SMC performance for input disturbance case is shown in Figure 12. The alternation of
the controller parameters are depictured in Figure 13.
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Figure 13. Evaluation of SMC parameters for input disturbance case.

The performance of the steepest descent and Levenberg marquardt methods are compared in
t

Table 1 for all cases using J. = > _[ e”(t)dt performance index function.
t=0

Table 1. Comparison of Steepest Descent and Levenberg-marguardt

Cases\Learning Algorithm | Steepest Levenberg
Descent Marguardt
Nominal 1.248 0.5205
Measurement Noise 1.528 2.08
Parametric Uncertainty 4.247e+04 0.3957
Input Disturbance 0.6915 0.1313

Levenberg-Marquardt based adaptation mechnanism has better control performance for all
situations except measurement noise case as given in Table 1.
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5. CONCLUSION AND FUTURE WORKS

In this paper, and adaptive SMC for nonlinear dynamis system has been introduced. The slope
function of sliding surface and gain of switching function are optimized via model free
adjustment mechansim. The robustness and stability performance of the introduced adaptive
SMC has been examined on nonlinear inverted pendulum system for nominal, measurement
noise, parametric uncertainty, and input disturbance situations. The controller parameters are
optimized via steepest descent and levenberg-marquardt learninig rules. The attained result
indicates the effectiveness of adaptive SMC on nonlinear control systems.

As a future work, it is planned to identify the dynamics of the controlled system via a machine
learninig methods in order to attain more accurate model for estimation of system jacobian.
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ABSTRACT

The vehicle suspension system has a vital role in ensuring the stability of the vehicle while
driving. For this reason, active suspension systems(ASS) have been proposed to eliminate the
effects of external factors on the vehicle. Since the purpose of this system is to eliminate
vibrations, optimal control design methods provide a more robust controller architecture than
traditional control strategies. In this study, a Particle Swarm Optimization(PSO) based
optimal controller design method has been proposed for ASS system. PSO has been deployed
to optimize the diagonal elements of the matrices utilized to constitute the optimal control
problem for algebraic riccati equation(ARE). The performance of the proposed control
strategy has been evaluated for nominal, measurement noise and parametric uncertainty
situations. When the attained results are compared with the passive suspension system, it has
been observed that the driving comfort has been significantly enhanced in ASS.

Keywords: Active Suspension System, Linear Quadratic Regulator, Optimal Control,
Particle Swarm Optimization, Swarm Intelligence.

1. INTRODUCTION

The driving comfort and safety systems used in road vehicles are increasing its importance
day by day and are of great importance in reducing the loss of life and benefits in traffic
accidents with technological developments[1]. Driving safety systems are of great importance
for the driver, passengers and pedestrians. In the theoretical studies, very good results are
obtained in practice by combining the advances in electronic technology[1]. Driving safety is
directly related to the stable behavior of the vehicle during its movement. For this reason, the
main purpose of driving safety systems is to maintain the stability of the vehicle, to dampen
the vibration as soon as possible and to increase the driving comfort. For driving comfort,
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various active suspension systems are available. These control problems are basically solved
by designing an LQR from state space models.

In order to enhance the robustness of the LQR architectures, Swarm Intelligence based design
methods can be deployed to constitute the optimal control problem. Thus, the robustness of
LQR and optimization ability of Swarm Intelligecne can be combined. There are various
controller architectures based on PSO for ASS. Qazi et al proposed to tune the fuzzy
controller parameters for semi suspension system via PSO algorithm[2][3]. Obaid et al
utilized PSO to tune PI controller in inner loop and LQR parameters deployed in outer loop
for ASS[4]. Emad et al introduced a decentralized PID controller optimized via PSO for
ASS[5]. Peng et al introduced to use PSO in order to enhance the performance of a GA to
solve multiobjective optimization problem vehicle suspension parameter[6]. Yamin et al
deployed PSO to optimize the PID and skyhook controller for ASS[7]. Yan et al introduce to
use improved PSO for semi-active suspension system[8]. Soliman et al proposed robust
controller design methods based on PSO for ASS[9]. Hurel et al optimizes the Fuzzy PD
controller parameters via PSO for ASS[10]. Li et al employed PSO and gradient descent
algorithm to optimized the parameters of a fuzzy neural network PID parameters estimator for
ASS[11]. Zhao et al obtained the optimal PID controller parameters for ASS via PSO[12].

In this paper, in order to attain the parameters of the optimal control problem, swarm
intelligence based LQR has been introduced for active suspension control system where PSO
is deployed to obtain Q and R matrices for ARE. The control performance has been evaluated
for nominal, measurement noise and uncertainty situations to examine the fragility of
designed controller. The obtained results indicates that PSO based optimal control strategy
provides a robust optimal controller for measurement noise and parametric uncertainty cases.

The structure of this paper is as follows: active suspension system is given in section 2. PSO
based LQR has been presented in section 3. Simulations results are given in section 4. The
paper ends with a brief conclusion and future works part in section 5.

2. ACTIVE SUSPENSION SYSTEM

The schematic representation of the active suspension system for quarter-car model is

illustrated in Figure 1 where X, indicates the vehicle body displacement (sprung mass in the
quarter car model), X; denotes the tire displacement (usprung mass in quarter car model), Z,
is the road surface position[5][13]. In Figure 1, while the sprung mass is denoted via M s, the
mass of the vehicle body is given as Mus, and the unsprung mass stands for the tire in the

quarter-car model. Fc indicates the control command. The spring KS and the damper BS
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support the body weight over the tire. The stiffness of the tire in contact with the road is

modeled by the spring K, and the damper B,[13].

Figure 1. Active Suspension System for Quarter Car Model[13][14][15][16][17].

In order to derive the dynamics of the system, the quarter car model in Figure 1, can be
decomposed to main parts. The free body diagrams indicating the applied forces to the bodies

of whole system in Figure 1 are given in Figure 2. The forces impacting on M;are resulting

from spring force, damping force, active suspension force, and gravity[13][18].

KiGr—x2) B4 —%) Fe T T

bt x,
e |4

I IR

M, g Fe

K (ep—x2) By (%) —x2)
Figure 2. Free Body Diagram for M and M

By considering the forces given in Figure 2, the equations of motion (EOM) for My can be

expressed as follows[13][18]:
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d’ 5.5 B K
T T ®

Similiarly, the dynamics of the M can be derived as follows[13][18]:

dx, dx dz
2 (Bs +Bus)7 572 Busir
d )2(1 :_g _ Fc _ dt + dt + dt _ (Kus + Ks)xl + KsXZ + ZrKus (2)
dt Mus Mus Mus Mus Mus Mus Mus

In order to attain the equilibrium points for system in (1) and (2), the derivatives of the

internal states and system input should be zero(derivatives of X, and X,, the road surface Z,

and all its derivatives and the control force F, are zero). Thus, the equations for equilibrium

points can be obtained from (1) and (2) as follows:

steql - KsXqu + Musg + XeqlKus =0 (3)
M g+ KXo = KXepy =0
Using (3), Xeq and Xeq, can be acquired as
eql — K
us @
X —g(MSKUS+KSMS+KSMus)
eqz Kus Ks

New variables, Z,, and Z; are defined throught the dynamics of the system and equilibrium
points as follows:

_g(MS+MUS) « 7 _Msg_g(MS+Mus)

K 2" K K

us S us

X1:ZUS

dt dt

dt  dt (5)
d’x _d’z, d’x, _d’z
dt2  dt® ' dt®?  dt?

Thus, the system dynamics given in (1)-(5) can be rewritten as in (6)

2
Mus d Zzus = _Bs dZus - Bus dzus - Fc + Bs dZS + Bus dzr - (Zus - Zs)Ks - (Zus - Zr)Kus
dt dt dt dt dt ©6)
2
m 3% _ g%, p gt g 9 ;K
dt dt dt dt
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3. PSO BASED LQR DESIGN

Particle Swarm Optimization(PSO), proposed by Kennedy and Eberhart[19][20], is one of the
most effective stochastic global optimization method used in controller design. PSO, which is
a population-based optimization technique mimics the bird and fish flocks behaviours[3][21].
PSO starts with randomly initialized populations and each iteration the particles move
towards the best solution at different speeds to optimize an objective function so as to obtain
optimal values of the corresponding particles[22][23]. The update terms for velocity and
positions of swarms are given below:

k+1 (k k k k
V( = WV )+Clr (XI best _Xi( ))+Czr2(xé,t))est _Xi( )) (7

(k+1) _ (k) (k+1)
Xi _Xi +Vi (8)

where V represents the next velocity of the particle ,V,( indicates the instantaneous
velocity of the particle ,X,( Vis the instantaneous position of the particle, Xi(k“) is the next

position of the particle , W is an inertia weight used to improve the speed of convergence, C;

, i, C, and I, indicates random numbers, C; and C, denotes the coefficients of

acceleration, t represents the current time (iteration)[22].

(k-1) (k) (k=1)
Pbest(k) _ X(k) _ Xi,best f (X ) 2 f (XI best (9)
heest Ty () f(x®) < f(x(k )

i i,best

Gest™ = x4, =min { f (x’%,), F (h)sevvrcs ()] (10)

gbest n,best

Phest) = x}.; and they denotes the best position of the particle. Gbest® =X\ and they

represent the best position of all particles. Vi "V is the velocity of the Pbest particle ,Vi (Gbes)

is the velocity of the Gbest particle. The graphical interpretation of PSO is illustrated in
Figure 3.

\ 4
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Figure 3. The graphical interpretation of PSO[22][24].

PSO can be deployed to design to obtain optimal control law. In this study, PSO is utilized to
attain the optimal values of Q and R matrices entries required for optimal control problem
given below:

Jior =j; (X" Qx+u'Ru)dt (12)
where
Q 0 -0 R 0 -0
0 0 -0 0 R. ---0
Q=:Q‘. S R=l
0O0--- Q” 00 ...Rm (12)

For a given values of Q and R matrices, the solution of Algebraic Ricatti Equation(ARE) is
straightforward as given in [25][26][27]. The PSO based optimal controller architecture is
illustrated in Figure 4 where X is state vector of the system, r is desired reference signal, y
denotes the controlled output vector, Q and R which are state and control matrices given in
(11) can be optimized via PSO.

\ 4

Q A “R

\ 4

PSO

A

Figure 4. PSO based LQR Design.

4. SIMULATION RESULTS

The performance of the PSO based optimal control strategy has been tested on active
suspension system. The dynamics of the ASS are derived in Section 2. The control
performance of the introduced methodology has been assessed for nominal, measurement and
parametric uncertainty cases to examine the robustness of the controller architecture. In
section 4.1, the control performance for nominal case is given. The robustness of the
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introduced design methodology with respect to measurement noise and parametric uncertainty
cases are given in Section 4.2 and 4.3 respectively. The following objective function is
utilized in PSO to acquire the optimal diagonal elements of Q and R matrices:

t d?
J= H{Mzs (t)-z, (t)|+/12‘%(t)

+%lzr<t>—zs<t>|+ﬂu4|zr<t>—zus<t)|}n 13

where kz[lOO 0.1 0.05 0.05].

4.1. Nominal Case
The evaluation of the controller parameters and the diagonal elements of Q and R matrices
are given in Figure 5.

(@)
10000 T
Q1[k]
Q2[k]
Q3[k]
Q4[k]
5000 RIK |
0 . . J
50 60 70 80 90 100
(b)
10 T T T T T T T T T
—
gl 4
6
4
2 I I | L | I | L |
0 10 20 30 40 50 60 70 80 90 100

iteration[k]

Figure 5. Convergence of Q and R matrices elements(a), corresponding objective
function value(b).
As a conlusion, the controller parameters are attained via ARE for nominal case as follows:
K =[2387.9 207.1 126.2 —16.3] (14)

where performance function of PSO is J =3.0923. The performance of the controller for

nominal case is given in Figure 6 where Z, is road surface position, Z; denotes the vehicle
body vertical position, Z,, stands for tire vertical position. In Figure 6, the suppression of the

vibrations due to road surface position(Z,) given in Figure 6 (a) are illustrated in Figure
6(c,d).
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Figure 6. Positions(Z,,Z,Z)(a), control signal(b), suspension deflection/travel(c),
vehicle body vertical accelaration(d) for active suspension case.

As can be clearly seen from Figure 6, the vibrations resulting from the staircase and

sinusoidal type surface position(Z,) can be succesfully rejected. The performance of the

passive suspension system( F, (t) =0) in given in Figure 7 with J =10.02.

—_— ()2, ) |

(b)

. . . . . . . . . R L . . . . . . . .
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Time(sec) Time(sec)

Figure 7. Positions(Z,,Z,Z,)(a), control signal(b), suspension deflection/travel(c),

vehicle body vertical accelaration(d) for passive suspension case.

4.2. Measurement Noise Case

The robustness of the PSO based LQR is examined for measurement noise case. For this
purpose, all measured states of the system is exposed to gaussian measurement noise. The
control performance for measurement noise case is depicted in Figure 8.
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Figure 8. Positions(Z,,Z, Z,)(a), control signal(b), suspension deflection/travel(c), vehicle

body vertical accelaration(d) for measurement noise case.

It is clearly seen from Figure 8(b) that the LQR controller rejects the measurement
noises. The position errors are given in Figure 8 (a), and the outputs of the system are
depicted in Figure 8 (c,d). The performance value is J =3.723.

4.3. Parametric Uncertainty Case

By considering the M, and M, parameters as uncertain parameter, the PSO based LQR

. (2 . (2
performance is examined for M, (t)=1+sm(1—gtj, Ms(t):2.45+0.453|n(2—gtj. The

rejection performance of the controller is shown in Figure 9 (a,b). As given in Figure 9 (a,b),
the controller succesfully supress the uncertainty in controlled system. The performance value
is computed as J =10.3.

@
—_— (17,0
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Figure 9. Suspension deflection/travel(a), vehicle body vertical accelaration(b),
uncertain parameters(c,d) for parametric uncertainty case.
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5. CONCLUSION AND FUTURE WORKS

In this paper, PSO based LQR mechanism has been introduced for Active Suspansion
System(ASS). It is aimed to obtain the optimal values of the diagonal elements of Q, and R
matrices via PSO. The performance of the introduced mechnanism has been assessed for
various cases(nominal, measurement noise, parametric uncertainty) that are vital to test the
applicability of designed control systems. It has been observed that the introduced controller
design method provides robust controller architecture for measurement noises and parametric
uncertainities.

As a future work, it is planned to introduce adaptive control methodologies for ASS system.
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ABSTRACT

Six stations were selected in Tigris and Euphrates and Shatt Al-Arab River to measure the
concentration of six Heavy Metals which were (Cd , Cu ,Fe, pb, Mn, Ni, Zn) the samples
were taken from subsurface River during Autumn 2021 to Summer 2022 , The results of
analyzes showed by using an inductively coupled plasma atomic emission spectrometer (ICP-
OES) where The samples were taken as dissolved and particulate in water and The seasonal
average of heavy metal concentrations ranges between the lowest value (8.75 mg\l ) for
cadmium in summer and the highest value (981.65 mg\l ) for Iron in winter in dissolved as for
particulate were the lowest value (15.46 pg/g) for manganese in summer and the highest value
(773.76 pg/g) for iron in winter. These findings suggested that atmospheric sediments, gas
emissions from oil production, power plants, and runoff from agricultural regions after rains
were the primary causes of heavy metal contamination in rivers. If our findings are compared
to those of previous study, this will be lies within previous data
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ABSTRACT

MANET is the significant technologies used to more flowing more application conference,
meeting, short time connection, natural issues like (flooding, forest fire, agriculture and
military) ect., among various un-wired communication technologies where all the mobile
nodes are mobile and which can be connected to random dynamically using wireless link in
the random manner. But it stream including critical issue and challenges such as security,
energy, delay, packet drop quality of service ect., In this research paper proposed Secure Two
Acknowledgement method with MARS4 (STACK) that implement for new intrusion
detection system for on-demand wireless networks. MARS4 can improve a best performance
of trusted quality output to reduce transmission delay, transmission time and also increase
network communication throughput help of Network Simulator-2.34 (NS2) to implement it.

Keywords: Ad hoc, MANET, Security, Routing, STACK, MAJRS4.

1. INTRODUCTION

The need for wireless temporary communication facilities is rapidly increasing, because the
mobile ad-hoc communication service is synonymous with an ideal communication style
realizing communication anytime, anywhere in the world with anyone. The accessibility of a
route depends on the number of connections and the reliability of each link forming the route.
Many routing metrics in terms of number of links have been proposed, such as the SPA. SPA
finds a path having minimum weights to forward the packets to the destination node. SPA
selection depends on direct traffic form source to destination, maximizing the network
performance and minimizing the cost. Performance of the network can be enhanced through
shortest path routing but it also depends upon the functionality of the routing protocol and the
parameters that are selected for the shortest path routing. MANET is the one of emerging
need part of natural issues in this type of network is non-fixed connect all the mobile nodes
dynamically to communicate from source to destination using different types of routing
protocols show in figure 1 Mobile Ad hoc Network.
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Fig 1 Mobile Ad-hoc Networks
2. ROUTING

The routing protocols are vital role and it has to adapt quickly to the repeated changes in the
ad-hoc network topology. MANET routing protocols Figure 2 are categorized into following
three types. Table driven routing protocols: these kind of routing protocols are retains the
network topology information in routing tables contains a updated list of destinations and
their routes by time to time swapping their routing information with nearby nodes. Routing
information is usually flooded in the entire network. At any time a node wants a route to the
destination it runs a suitable path finding algorithm on the topology information it retains.
On-demand routing protocols: These kinds of protocols are not maintaining topology
information of the network, with the help of connection establishment process nodes can
obtain necessary route when it is required, and therefore this type of protocols is not
exchanging the routing information time to time. Hybrid routing protocols: In this protocols
both table driven, on-demand routing advantages are combined. The routing is in the
beginning established with certain proactively prospected routes then it serves the demand
from additionally activated nodes through reactive flooding.
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Figure 2 MANET routing protocols
3. BACKGROUND

Secure routing and intrusion detection in ad-hoc networks was taken up by Anand
Patwardhan et al (2005). Malicious nodes detection in AODV-based mobile ad-hoc networks
was addressed by Jongoh Choi et al (2005). An acknowledgment-based approach for the
detection of routing misbehaviour in MANETs was discussed by Liu et al (2007). The
detection of packet dropping attack using improved acknowledgement based scheme in
MANETSs was done by Aishwarya Sagar et al (2010). The impact of security attacks on a new
protocol for mobile adhoc networks was analysed by Sahadevaiah et al (2010). Adaptive
acknowledgment intrusion detection for MANETSs with node detection enhancement was
analyzed by Al-Roubaiey et al (2010). Secure routing for wireless mesh network was
discussed by Celia li et al (2011). Performance analysis of secure routing protocols in
MANET dicussed by K.Thamizhmaran et al (2012). Secure routing protocol in MANET — A
survey taken by K.Thamizhmaran et al (2012). Secure intrusion detection system for
MANETs was found by Shakshuki et al (2013). Implementation of A3ACK’s intrusion
detection system under various mobility speeds was highlighted by Abdulsalam Basabaaa et
al (2014). Energy efficient routing in MANETSs through edge node selection using ESPR
algorithm was discussed by Prabu and subramani (2014). Performance evaluation of
EA3ACK in different topology’s using EAACK for MANET highlighted by
K.Thamizhmaran (2016). Performance analysis of energy efficient enhanced adaptive 3-
acknowledgement (EE-EA3ACK) using ECC in MANET analyzed by K.Thamizhmaran et al
(2017). Comparison and parameter adjustment of topology based (S-EA3ACK) for MANETS
done by K.Thamizhmaran et al (2017). Performance analysis of on-demand routing protocol
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for MANET using EA3ACK algorithm addressed by K.Thamizhmaran et al (2017). Reduced
end-to-end delay for MANETs using SHSP-EA3ACK algorithm proposed by
K.Thamizhmaran et al (2017). However, all these algorithms address only the security
problem because misbehavior attacks due to topology changes rapidly in MANETS due to the
characteristics of wireless networks. The proposed approach scheme STACK with help of
MARSA4 hybrid cryptography is also based on this assumption to provide secure transmission
with minimum delay.

4. PROBLEM IDENTIFICATION

The dynamic nature of MANETS requires the routing protocols to refresh the routing tables
frequently and suffer from transmission contention time delay and congestion with packet
dropping that are the results of the broadcasting nature of radio transmission since a node in
MANETSs cannot directly communicate with the nodes outside its communication range, a
packet may have to be routed through intermediate nodes to reach the destination. Hence it
becomes essential to monitor the constraints in intermediate nodes. Consequently, an efficient
routing approach may generate route delay, packet dropping and route failures. The simplest
scheme routing in MANETS is the one in finding a route without malicious nodes in the
shortest path. This paper aims to provide unbreakable route for secure transmission with the
shortest path. So a new routing algorithm named STACK using ACK with hybrid
cryptography is proposed. This STACK provides better performance compared to the existing
ACK and also reduces routing delay and packet dropping without any misbehavior at
intermediate nodes.

5. PROPOSED WORK

In STACK mode, the three consecutive nodes (i.e., A, B, C) work in a group to overcome the
drawbacks of watchdog scheme in the network. Node A first sends out STACK data packet
P1(S) to node B. Then, node B forwards this packet to node C. When node C receives P1(S),
as it is the third node in this three-node group, node C is required to send back a STACK
acknowledgement packet P1 (A) to node B. Node B forwards this P1 (A) back to node A. If
node A does not receive this acknowledgement packet within a predefined time period, both
nodes B and C are reported as malicious. This process is shown in Figure 3.

Fig. 3STACK
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Procedural Steps of STACK Algorithm

>
>
>

STACK processing starts with hybrid cryptography.

Hello packet transmission from source to destination through intermediate nodes.
Destination node sends ACK message to source node in same route through
intermediate nodes.

If source node receives this acknowledgement packet within a predefined time period,
then data transmission will be start.

If node A does not receive this acknowledgement packet within a predefined time
period, then the intermediate nodes are marked as malicious nodes.

Switch to TACK. Send acknowledgement packet through intermediate node, this model
to detect if there are any receiver collision, false misbehaviour nodes and limited
transmission power in the route.

Out of the three consecutive nodes in the TACK, the third node is required to send an
ACK packet to the temporary source node same rout with opposite direction.

If node A receives this acknowledgement packet within a predefined time period, then
data transmission will be start, otherwise both nodes B and C are reported as malicious.
when malicious report is received to the source node than, source node switch to MRA.
MRA checks authentication (secure value) to all nodes and if MAR receives this
acknowledgement packet within a predefined time period, then the data transmission
will be start, otherwise marked as misbehaviour node.

Transmit the data in the alternate path to the destination, and go to stepl.

Procedural Steps of Hybrid Cryptography (MARS4 Algorithm)

>

>

>

>
>

Now MAJE4 and RSA can be combined to have MARS4 as a very efficient security
solution. It is assu

med that A is the sender of a message and B is the receiver. MARS4 is designed to work
as follows.

A encrypts the original message (PT) with the help of MAJE4 and the symmetric key
(K1) and forms the cipher text (CT).

Again encrypt symmetric key K1 to (K2) of B using RSA.

B now uses the RSA algorithm and its private key (K3) to decrypt symmetric key K1.

Then B uses K1 and the MAJE4 algorithm to decrypt the CT for the original plain text (PT).

STACK consists of three major parts, namely, ACK, 2-ACK, Misbehaviour Report
Authentication (MRA). With the introduction of hybrid cryptography algorithm MARS4
prevents the attacker from forging acknowledgement packets and also simulate help of
following simulator called NS 2.34 is used to test the Intrusion Detection System’s (IDSs)
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performance when the attackers are smart enough to forge acknowledgement packets
claiming positive result while, in fact, it is negative. As watchdog is not an
acknowledgement-based scheme, and as shown in Table 1, the following are the simulation
parameters used for the analysis of routing protocol with hybrid shortest path algorithm.

Table 1 Simulation parameters

Parameter Values
Examined protocol STACK-MARS4
Application traffic CBR
Transmission range 1000m
Packet size 512 bytes
Maximum speed 25m/s
Simulation time 900s
Number of nodes 60
Area 1000x1000m
Maximum number of malicious nodes 18

6. RESULT

Malicious nodes simply drop all the packets that they receive and send back forged positive
acknowledgment packets to their previous nodes whenever necessary. This is a common
method for attackers to degrade network performance while still maintaining their reputation.
The proposed approach STACK is designed to tackle four of the six weaknesses of watchdog
scheme, namely, receiver collision, limited transmission power, false misbehaviour, and
partial dropping.

Table 2 Results of Parameter Values

End-to-End Delay
Delay 60
N 10 20 30 | 40 50
TACK 057 | 052 | 047|041 |033| 024
STACK-MARS4 | 048 |0.44 | 039031024 | 0.17
Malicious Node
D&'ay 3 | 6|9 | 12]15] "
TACK 0.33 | 0.36 | 0.40 | 0.44 | 0.45 | 0.47
STACK-MARS4 | 0.23 | 0.27 | 032 | 0.34 | 0.35 | 0.37
Transmission Range
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Delay 0 | 250 | 400 | 600 | 800 | 1O

R

TACK 0 | 069 063|057 |054 | 052
STACK-MARSA | 0 | 046 | 042 | 037 | 030 | 028

Packet Drop

Delay 30%

= 5% | 10% | 15% | 20% | 25%

TACK 012 | 018 | 024 | 028 | 0.33 | 038
STACK-MARS4 | 005 | 007 | 014 | 019 | 021 | 023

Routing Overhead
EO 10 20 | 30 | 40 | 50 00
TACK 0.06 | 0.20 | 0.33 | 0.39 | 048 | 057
STACK-MARS4 | 0.05 | 0.16 | 0.27 | 0.35 | 0.41 | 0.43

End-to—end delay when the number of nodes is increased from 10 to 60. According to table
2, it is clear that in all acknowledgement-based IDSs, the proposed scheme STACK-MARS4
surpassed the performance of TACK in minimizing end-to-end delay by 8.5% when there are
10 to 60 nodes in the network. As the proposed algorithm finds different short routes
frequently, it is possible to minimize the delay. It is observed from Table 2 that when
compared with TACK algorithm, STACK-MARS4 decreases the delay by 9.5% with
increase in the number of malicious nodes from 3 to 18 out of 60 nodes. If malicious node is
detected, immediately the STACK-MARS4 algorithm finds alternate shortest route in
between the sender and receiver. Transmission range is varied from 250 to 1000 meters and
simulation is carried out to calculate the end-to-end delay using TACK & STACK-MARS4
methods. The obtained results are given in table 2. It is clear from the simulation results that
the DSR scheme achieves the best performance, as it does not require acknowledgment
scheme to detect misbehaviours. In case of the IDSs, STACK-MARS4 has the lowest delay
in comparison with TACK, when there are 250 to 1000 meters of transmission ranges. When
transmission range increases, connectivity among the nodes also increases, which enables the
proposed method to identify more number of alternate paths which in turn reduces the delay.
Finally routing overhead is analyzed using the two algorithms when the total number of
nodes is varied from 10 to 60 and the simulation results are shown in table 3. Simulation
results reveal that the proposed algorithm reduces the routing overhead by 6% than TACK
algorithm. If any of the intermediate nodes is found to be busy, then the proposed algorithm
is able to find alternate hybrid shortest path from the previous node itself which reduces the
delay. From the entire above table 2, it is clear that the comparison of the STACK-MARS4
illustrate that the proposed algorithm outperforms the TACK by providing lowest end-to-end
delay, packet drop and routing overhead with increase in the number of nodes.
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7. CONCLUSION & FUTURE WORK

In this paper, the new routing protocol named STACK-MARS4 using TACK is proposed to
address the problem. Acknowledgement based transmission is highly secure with the lowest
delay and packet dropping. This STACK-MARS4 provides better performance compared to
the existing TACK routing protocol by decreasing end-to-end delay by 8.5% lowering
routing overhead by 6% and reducing packet drop by 10.7% compared to the existing TACK
routing protocol. To enhance the merits of this research work, there is a plan to investigate
the following issues in the future. However, the same concept can be applied in satellite to
reduce end-to-end delay in the route and reduce packet loss, Possibilities of adopting secure
quality oriented techniques to further improve the network performance of quality.
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ABSTRACT

The frequent discoveries result in a lot of network congestion. To avoid this multipath routing
protocols are planned to seek out multiple routes to destination and put onto alternate
secondary path just in case of route broken and its offer higher routing performance and
security. In this developed research paper attempt to compare the performance of two reactive
routing protocols for MANETS that is Secure Dynamic Source Routing (SDSR) and Dynamic
Source Routing (DSR), on-demand gateway discovery protocol where a mobile device of
MANET gets connected to gateway. SDSR using the Intrusion Detection system (IDS) and
trust based routing, the performance results are analysed by varying simulation time.
Furthermore, all the above mentioned protocols are compared based on several important
performance metrics which are packet delivery ratio, end-to-end delay and average energy.

Keywords: MANET, IDS, TS-DSR, NS2.

INTRODUCTION

Wireless technologies such as Bluetooth or the 802.11 standards enable mobile devices to
establish a MANET by connecting dynamically through the wireless medium without any
centralised structure. MANET is a network having dynamic topology that consists of mobile
nodes without base Station or centralized control. All mobile nodes perform functioning of
routers that search and maintain routes to other nodes in the network. Difficulty in ad-hoc
network is that for communication with other nodes, a node must be in the transmission range
of base station but sometimes a node moves and network fails. MANET has solved this
problem as in MANET nodes follow multi-hop pattern for communicating with other nodes.
Routing is the process of moving information across internet work from source to destination
by selecting best outgoing path that a packet has to take in internetwork. To perform this, a set
of routing protocols needed that uses metrics to find optimal path for a packet to travel.
Routing protocols designing goals are optimality, simplicity, low overhead, robustness,
reliability and flexibility. Route request and Route reply messages are used to discover and
store the paths found from the source to destination. After finding the paths, shortest path is
selected by the source node. Paths discovered by shortest path algorithm cause problems like
congestion problems as the centre of network carry more traffic, this results in poor
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performance. The main goals of multipath routing protocols are to maintain reliable
communication, to reduce routing overhead by use of secondary paths, to ensure load
balancing, to improve quality of service, to avoid the additional route discovery overhead.
The major focus of the routing is the performance and the efficiency of the protocol in the
presence of a dynamic network environment.

1. LITRACHER SURVEY

Improvement and analysis of multipath routing protocol AOMDV based on CMMBCR was
done by Yin-jun Yang (2011). A node disjoint multipath routing method based on AODV
protocol for MANET was done by Lal, et al (2012). Increased throughput for load based
channel aware routing in MANETs with reusable paths was done by Ayyasamy (2012).
Specification based intrusion detection for unmanned aircraft systems was done by Mitchell
(2012). A survey of attacks on MANET routing protocols was done by Tayal (2013). Review
on MANET routing protocols and challenges was done by Habib (2013). A survey of
intrusion detection in wireless network applications was done by Mitchell (2014). Behavior
rule specification-based intrusion detection for safety critical medical cyber physical systems
was done by Mitchell (2015). Trusted secure ad-hoc on-demand multipath distance vector
routing in MANET was analysis by Abrar Omar Alkhamisi (2016).

2. PROPOSED METHOD

Secure Dynamic Source Routing: In this proposed work TS-DSR, when a route is needed
from source to destination, then source starts a route discovery process by flooding a RREQ
for destination. With the help of sequence numbers, RREQs are uniquely identified so that
duplicate RREQs can be identified and discarded. When a non-duplicate RREQ is received
then intermediate node records previous hop and search for a fresh route entry to the
destination in routing table. If fresh route is present then the node sends a RREP to the source
but if fresh route is not present, it rebroadcasts the RREQ. The routing information is updated
by a node only if a RREP contains either a larger destination sequence number than previous
one or a route with less hop count found. SDSR routing process with the help of IDS and
trust-based routing, the attack identification and isolation in SDSR are carried out in two
phases of routing such as route discovery phase and data forwarding phase. Trust Based
Route Discovery Process Initially, each node assigns the trust value as ‘one’ to its neighboring
nodes. Prior to rebroadcasting the received RREQ packet to the neighbors, every node checks
for the trust value of the source that has broadcasted the RREQ packet. If the trust value is
lesser than the threshold, then the RREQ packet from the corresponding source is dropped to
block the flooding activity of the attacker. For instance, in the trust value of the source node is
maintained by its neighboring nodes such as A, B, and C. The trust value of the source node is
different in various neighboring nodes due to the network collisions. The trust value of the
source node is very less, so these nodes do not forward the RREQ packet of the source node
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into the network. For instance, the trust value of the node B is higher than node A, and so the
source node selects router B for further data forwarding. Thus, the IDS and the trust based
MTS-DSR protocol improve the routing performance and security in MANET.

3. EXPERIMENTAL SETUP

The NS-2 which is a discrete event driven simulator developed at UC Berkeley is used in this
simulation process. Network Simulator NS-2 is useful in designing new protocols,
comparison of different protocols and for evaluating the traffic. A scenario file is taken as
input in the NS-2 simulation process that shows the motion of each node and the originating
packets by each node. The simulation models are built using the NS-2 version 2.34 and it is
run under bandwidth of 40 MHZ.

Table 1Simulation parameters

Parameter Values
Simulation area 680*680
Number of nodes 50
Number of packets 25
Constant bit rate 4 (packets/second)
Packet size 512 bytes
Initial energy/node 100 joules
Antenna model Omni directional
Simulation time 500 sec

4. RESULTS AND DISCUSSION

The results for the above mentioned simulation experiment is shown with the help of graphs.
In this section the comparison of DSR and SDSR is made and the metrics used for the
analysis of results are packet delivery ratio and end to end delay, energy.
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Fig 1 packet delivery ratio Vs. number of nodes

It is observed from Fig 1that when compared with DSR algorithm, SDSR increases the
delivery ratio above 85% with the increase in the number of nodes from 20 to 100. As the
proposed algorithm finds maximum secure and lowest link failed route with minimum
retransmit packets frequently, it is possible to increase the delivery ratio.

routing overhed Vs.
No. of nodes

100%
50%

0%

routing overhead

20740 60 g 100

No. of nodes

Fig 2 Routing overheadVs. number of nodes

SDSR has the lowest overhead in comparison with DSR, when there are 680 of transmission
ranges. When the transmission range increases, the connectivity among the nodes also
increases, which enables the proposed method to identify more number of alternate secondary
paths which in turn reduces the congestion. Fig 2 describes the decrease in overhead obtained
by the proposed SDSR when there are 20 to 100 nodes.
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Fig 3 Throughput Vs. number of nodes

Fig 3 shows the graph of the throughput when the topology is size 680m, the number of nodes
increased from 20 to 100. The proposed SDSR increases the throughput with the increasing
topology size compared to DSR and SDSR.

5. SUMMARY

On the basis of simulation results it is concluded that SDSR is better than DSR. SDSR
outperforms DSR due its ability to discover alternate routes when a current link fails.
Although DSR incurs more routing overheads because of flooding the network and packet
delays due its alternate route discovery process, it is very much efficient in case of packet
delivery for the same reason. SDSR proves to be more efficient than DSR as it provides better
throughput. Finally the conclusion is that when network load increases SDSR is a better on-
demand routing protocol than DSR as it gives better statistics for packet delivery and
throughput were implementing via network simulator 2. To increase the merits of this
research work, there is a plan to investigate the following issues in our future research. The
same concept can be applied in satellite to increase delivery ratio and reduce delay in the
route and also to save more energy. The performance of SDSR can be tested in real time
network environment.
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ABSTRACT

Natural gas dehydration is basically a process where we remove water vapor from the gas
stream. This process helps us lower the temperature at which water will condense from the
stream. This temperature is called the dew point temperature. Basically, the amount of water
in natural gas is 5 times the allowed limit, and this requires us to reduce the amount of water
vapor by dehydration so that we can use it for industries. Water vapor, like many other
species, can be separated by physical or chemical methods or by using both. Gas dehydration
is a fundamental step in gas treatment and is included in nearly all gas processing units. In the
industry, we use three technologies for natural gas dehydration: 1) absorption with glycol
solution 2) adsorption with molecular sieve 3) Joule-Thomson condensation. The dehydration
process has many benefits, which has made it widely used in the industry. Dehydration allows
us to continuously use downstream process equipment by reducing the risk of freezing
hydrates. This freezing causes the formation of different crystals on the pipelines, which over
time causes the general wear and tear of the pipes. In this paper, some dehydration methods
will be explained and the advantages and disadvantages of each will be discussed.

Keywords: natural gas, dehydration, temperature, natural gas refinery
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ESTIMATION OF GLOBAL SOLAR RADIATION USING FIVE SUNSHINE BASED
MODELS FOR ILORIN, NORTH-CENTRAL, NIGERIA
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Polytechnic, llorin.

ABSTRACT

Estimation of global solar radiation using five sunshine hour models in llorin, north-central,
Nigeria (8.54°N, 4.54°E) was developed using the Angstrom type regression equation. The
solar radiation (W/m?), hours of bright sunshine were collected from achieve of Nigeria
Metrological Centre, Oshodi, Lagos, for a period from (1992-2022). The constants of the
Angstrom-type regression equation (Models) were determined by plotting the clearness index
(H/Ho) against the fraction of sunshine hours (n/N) to obtain the line of best fit. The result of
the correlation were also tested for error using statistic test methods of the mean biased error,
MBE, root mean square error, RMSE, and mean percentage error, MPE to assess the
performance of the models. It was observed that out of all models used, modes Il and 1V
gave the best prediction for global solar radiation using sunshine.
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BENTHIC FORAMINIFERA AS BIOSTRATIGRAPHICAL AND
PALEOECOLOGICAL INDICATORS: AN EXAMPLE FROM THE MIOCENE
DEPOSITS IN GEBEL ABU SHAAR EL QIBLI, GULF OF SUEZ REGION, EGYPT

Mostafa M. Hamad
Cairo University, Faculty of science, Geology Department, Egypt.

ABSTRACT

The foraminiferal contents of the Miocene deposits exposed in two sections in Wadi Bali and
Wadi Kharaza, Gebel Abu Shaar El Qibli plateau, Western side of the Gulf of Suez, Egypt
were carefully studied for their benthic and planktonic foraminiferal content. Based on their
lithofacies variations and microfaunal content, three rock units were studied, from base to top
as follows: Abu Gerfan Formation, polymictic conglomerates (Early Miocene, Aquitanian),
the overlying Gharamul Formation (carbonate and mixed siliciclastic-carbonate) (Middle
Miocene, Burdigalian to Lnghian), and evaporates of Gemsa Formation (Middle Miocene,
Serravallian age) are reported. Detailed smaller, larger and planktonic foraminiferal
investigations led to the recognition of three foraminiferal zones from base to top: 1)
Miogypsina complnata / Nonion granosus Zone (Zone SBZ 24), comprising the Abu Gerfan
Formation that ascribed to Early Miocene Aquitanian age, 2) Miogypsina globulina zone
(SBZ 25) represting the lower unit of Gharamul Formation, and correlated with the Early
Miocene, Burdigalian age and lastly 3) Borelis melo melo Zone (SBZ 26) of Middle Miocene,
Langhian age covering the upper part of Gharamul Formation. The Middle Miocene interval
of Gharamul Formation is ascribed to the Langhian for first time where Operculina
complanata (Defrance) and Borelis melo melo (Fichtel and Moll) are the main time-specific
diagnostic taxa recognized in this interval. For the first time, planktonic foraminifera are
documented from the Gharamul Formation in Gebel Abu Shaar El Qibli plateau being
characterized by the occurrence of planktonic foraminifera such as Globigerina praebulloides,
Globigerina ciperoensis, Globigerinoides altiaperturus, Globigerinoides trilobus and
Globigerinoides subquadratus. This association characterises the Borelis melo melo interval
Zone. The variation in lithology and foraminiferal assemblages will be discussed here and
reflects the variety of environmental settings characterizing the studied Miocene sequence,
indicating an overall shallowing-upward trend, from continental to subaqueous fan delta
facies of Abu Gerfan Formation to platform reefal facies and restricted lagoon-salina
conditions represented by evaporites of Gemsa Formation.

Keywords: Early Miocene, biostratigraphy, Gharamul Formation, Gebel Abu Shaar El Qibli,
Gulf of Suez, Egypt.
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ABSTRACT

Global population has reached 8 billion with a baby girl Vinis Mabansag born in Tondo,
Manila on 15" November 2022, Tuesday as per the United Nations. As the population
increases the material requirements will also be increased. Manufacturing has to cater the
needs of the people on Earth with the available resources including technology. With the
advent of technologies in the yester- centuries like Steam engine, Electricity, Computers, the
Internet & Robotics various industrial revolutions have been evolved. These include Industrial
Revolution 1.0 (1760-1840), Industrial Revolution 2.0 (1871-1914), Industrial Revolution 3.0
(1970-2012), Industrial Revolution 4.0 (2011 and beyod) and Industrial Revolution 5.0 (2020
and beyond). After the initialization of digital India, Al and Internet, the manufacturing
industry has undergone significant changes on the technology front. Most of the industries are
embedding emerging technologies into various manufacturing machines/ processes to
improve productivity, quality, reducing cycle time and quantities down to 1 with flexibility.
Industry 5.0 emphasis on the integration of human hands and brains back into the industrial
framework which focuses on transforming factories into the Internet of Things (1oT), smart
facilities that use cognitive computing, collaboration with robots (cobot) and link via cloud
servers. Man and machine coming together to improve the means and effectiveness of
production are known as the Fifth Industrial Revolution 5.0. In India there are large number of
micro small medium enterprises which produces 40 percent of national Industrial production.
It seems not much work has been done in industry 5.0 application domains and hence in the
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present work, an attempt has to be madeto identify specific engineering application domains
for Industry 5.0 considering its sub-systems for global society.

Keywords: Industry 5.0, Cobot, Digital Twins, Small to Medium Enterprise
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FACTORS AFFECTING PEDESTRIANS’ FREE-MOBILITY AND SOCIAL
DISTANCING TO COMBAT COVID-19: EVALUATION OF PEDESTRIANS’
MOBILITY AND URBAN SPACE IN DOWNTOWN OF NEKEMTE CITY,
ETHIOPIA
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Department of Urban and Regional Planning, College of Engineering and Technology, Wollega University;
P.0.Box 395, Nekemte, Ethiopia

Mulugeta Soruma Guta
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ABSTRACT

Peoples’ free mobility and social distancing in urban centers are among the methods to
combat the pandemic of COVID-19. Proper implementation of social distancing needs
adequate roads infrastructures to support basic human movement within the urban areas.
However, socio-economics, transportation and urban space facilities of developing countries
like Ethiopia are the challenging factors for free mobility and to implement social distancing.
Thus, this study is used downtown of Nekemte city as case study to identify the factors
affecting the pedestrians’ free mobility and implementation of social distancing to fight
against corona virus. A survey questionnaire containing 11 parameters explaining factors
affecting pedestrians mobilities were distributed for pedestrians’ and factor analysis was used
to identify the most influencing parameter for the free mobility and social distance in the city.
The result showed that in adequate walkways (i.e. narrow, deteriorated and overcrowded
walkways and streets), using pedestrians’ ways for other function and in adequate urban
public service spaces such as at banks, shops, taxi and hospitals, are the major factors
affecting the free mobility and implementation of social distancing against COVID-19. To
achieve appropriate implementation of social distancing in down town areas, it needs a
programs and policy to restrict on streets parking, streets venders and using pedestrians’ ways
for others rather than for pedestrians’ mobility hence enable to achieve healthy social and
environment.

Keywords: Social distancing, COVID-19, Pedestrians’ ways, Vendors, downtown of
Nekemte, Factors analysis
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PA3PABOTKA CUCTEMBI IPEBEHTUBHOM JTUATHOCTUKH
TEXHUYECKOI'O OBBEKTA C UCIIOJIB3OBAHUEM NCKYCCTBEHHOI'O
HUHTEJUIEKTA
DEVELOPMENT OF A SYSTEM FOR PREVENTIVE DIAGNOSTICS OF A
TECHNICAL OBJECT USING ARTIFICIAL INTELLIGENCE

K.1.H. Slukesuu H.C.,
Hauunonanenas akagemus Hayk benapycu, THY «LleHTp cucTeMHOro aHaian3a ¥ CTpaTeErM4ecKuX UCCIEe0BaHUI
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ORCID: 0000-0001-9642-9212

AHHOTAIMS

BHG,I[peHI/Ie I/IH(1)OpMaLII/IOHHBIX U KOMMYHUKAIITUOHHBIX TEXHOJIOTHI CO3aJI0 IIPCAIIOCBUIKA
AJI  HIAPOKOI0 HCIHOJB30BaAHUA HCKYCCTBCHHOI'O HWHTCIIJICKTA B PAa3JIMYHBIC obractu
ACATCIIBHOCTH 4YCJIIOBCKA, BKJIIOYAasA MAIIMHOCTPOCHHUC. B cBs3u ¢ atuM AKTYAJIM3UPYCTCA
3aaa4a pPasBUTUA COOTBCTCTBYIOLICTO MATCMATUYCCKOro ariapara B IIPUMCHCHHH K
pasiiniHbIM  TCXHUYCCKHMM  CHCTCMaM W  arperaramM, B TOM  4YHUCIIC, paBpa6OTKI/I
«HUHTCJUICKTYaJIbHBIX» AUArHOCTUYCCKUX CHUCTEM HpeBCHTHBHOﬁ JUardHoCTHKU,
MO3BOJIAIOIUX pACIIHUPUTE BO3MOXKXHOCTHU IIOJTYYCHUA I/IH(I)OpMaI_[I/II/I HE TOJIbKO O TCKYLIEM
COCTOSAHHUH O6’BCKTa, HO W NPOTHO3UPOBATHL BO3MOKHBIC OTKAa3bl B 6yz[y1ueM. HpI/I 9TOM,
HECMOTpPA HaA TO, YTO YPOBCHb HAJACKHOCTH TCXHUYCCKUX CPCACTB HCIIPCPBIBHO MMOBLIMACTCA,
BOIIPOCHI, CBA3AHHBIC C YYCTOM BHCIIHHX yCJ'IOBI/II\/JI OKCILTyaTauuu (BKJ’IIO‘-I&?[ YEIOBEUCCKHUIM

(akTop), HE pelIeHbI MOJTHOCTHIO J0 CUX IOP.

B paboTre ocHOBHOE BHMMaHUE yIEIEHO pa3padOTKe MaTeMaTUYeCKHX MOJEIECH A aHaIn3a
CUTyallull OTKa3a TEXHHUYECKOro OOBEKTa, MPEACTABIECHHOTO KakK CJIOXHas TEeXHUYecKas

CUCTEMA, U UX MOCIEACTBUH.

B kayecTBe METONOJOTMYECKOM OCHOBBI JJIsi NOCTPOCHMSI BBIYMCIMTEIBHBIX aITOPUTMOB
CHCTEMbl IPEBEHTHBHOM IMAarHOCTUKU BBIOpAaH CUCTEMHBIN MOoAX01. BmecTte ¢ TeM, U3MUIIHSAS
JETAIMPOBKa U KOHKPETU3AlHUs MOKET HE TOJBKO 3HAUYMUTENBbHO 3aTPYyAHUTH, HO M CHEIATh
MOMOOHBIN aHAaNU3 NPAKTHUYECKU HEBO3MOXXHBIM. [loaToMy mpu mNporHo3e HaJaeKHOCTH
(GYHKIIMOHUPOBAHUSI TEXHUYECKOTO OOBEKTa B IIEJIOM IIeJIeCO00pa3HO MOJYyUYUTh KOMILIEKC
BEPOSITHOCTHBIX MOJIENIEH, ONMMCHIBAIOIINX KXY W3 ITUX IMOJCHCTEM, a TaKKe MOJIENb,

OIMPCACIIAOIIYT0 UX B3aHMMOJCHCTBUE.

Pacuer BCPOATHOCTU  OTKa3a, CBA3aHHOIO C TEXHUYECKOM CHCTEMOM B OcIoM,
OCYHICCTBIIACTCA B COOTBCTCTBUU C OOBIUHBIMH MnpaBuJIaMH pacueTa OPHUCHTHUPOBAHHBIX

BEPOSTHOCTHBIX rpadoB. Pazpaboran anroput™M ¥ mMareMaTUYeCKHH ammapar, OTpaskaroiui
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MOCTIeIOBATENBHOCTD JICHCTBHI NMPH pealn3alud pa3paOdO0TaHHBIX MPUHLIUIIOB JUISI CHCTEMBI
IIPEBEHTUBHOMN IMAarHOCTUKHU CII0)KHOTO TEXHUYECKOT'O 0OBEKTA.

KiaroueBble cj10Ba: TeXHUUECKas CHUCTEMA, IPCBCHTHBHAaA JUAarHoCTHUKa

ABSTRACT

Introduction of information and communication technologies has created the prerequisites for
the widespread use of artificial intelligence in various fields of human activity, including
mechanical engineering. In this regard, the task of development of an appropriate
mathematical apparatus as applied to various technical systems and units, including the
development of "intelligent” diagnostic systems for preventive diagnostics, which make it
possible to expand the possibilities of obtaining information not only about the current state of
an object, but also to predict possible failures in the future. At the same time, despite the fact
that the level of reliability of technical means is constantly increasing, issues related to taking
into account external operating conditions (including the human factor) have not been fully
resolved so far.

The paper focuses on the development of mathematical models for the analysis of failure
situations of a technical object, presented as a complex technical system, and their
consequences. A systematic approach has been chosen as a methodological basis for
constructing computational algorithms for the preventive diagnostics system. At the same
time, excessive detailing and concretization can not only significantly complicate, but also
make such an analysis practically impossible. Therefore, when predicting the reliability of the
operation of a technical object as a whole, it is advisable to obtain a set of probabilistic
models that describe each of these subsystems, as well as a model that determines their
interaction.

The calculation of the probability of a failure of the technical system as a whole is carried out
in accordance with the usual rules for calculating directed probability graphs. An algorithm
and a mathematical apparatus have been developed that reflect the sequence of actions in the
implementation of the developed principles for a system of preventive diagnostics of a
complex technical object.

Keywords: a technical system, preventive diagnostics
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ENERGY STORAGE CHARACTERISTICS OF 0.5 BaTiO3—BixNax( Mgo.s7Nbo.33)1-
xNbx
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ABSTRACT

The role of oxide perovskites is very fascinating and technologically very important in
electronic circuits in the form of capacitors, ferro-electric random-access memories (FeRam),
sensors, actuators and energy storage applications. Dielectric materials with perovskite
structure are widely used for above discussed practical applications. Capacitors are most
widely used component in electronic devices. However the Multilayer ceramic capacitors are
dominated over a single layer due to their volumetric efficiency. Barium titanate (BaTiO3)
based ceramics are of special interest for MLCCs applications. In the present research project,
0.5 BaTiOs —BixNax( Mgo.s7Nbo33)1-xNbx (x = 0.10, 0.20, and 0.30) ceramics solid solid
solution were synthesized by conventional solid state sintering route. While the obtained
properties of samples were characterized by using different characterization tools. X-ray
diffraction, Scanning Electron Microscopy for microstructrual analysis, LCR meter and
Ferroelectric tester were used for the study of energy storage characteristics of the sample.
Phase identification of the samples showed the formation of a single phase cubic perovskite-
structure (space group Pm-3 m) which was further confirmed using Raman spectroscopy. The
Raman spectroscopy result are in agreement with the XRD. Microstructural analysis of the
samples revealed some voids in the samples while grain size was observed to decrease with
increasing NaNbOs concentration. The addition of NaNbO3 shifted maximum temperature Tm,
to below room temperature and the stability range of 0.5BaTiOs-0.5Bi(Mg23Nb1/3)Os
previosuly reported ceramics sample was enhanced. The sample with x=0.20 exhibited
er(mid) with minimum variation of + 15% stable over a wide temperature range from - 85 to
500 °C and most importantly a low dielectric loss of < 0.05 stable across a wide temperature
range - 100 to 426 °C was maintained. The thermally stable dielectric properties of sample x
= 0.2 suggests that it could be useful candidate material for capacitor applications in both low
(X9R) as well as harsh environment applications.

Keywords: BaTiOsz, Capacitors, Ceramics, High Temperature dielectrics, Harsh
Environment, X9R
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ABSTRACT

Separation is a method of classifying the material depending on the particle size. Blast
Furnace Slag (BFS) was obtained from the blast furnace during iron making. The separation
of -4+1mm size BFS will lead to the preparation of the material which can suitably replace
limestone in cement manufacturing. Therefore, the usage of BFS conserves nonrenewable
energy. The present study is on the investigation of the separation performance of linear
vibrating screen. The dry separation of BFS was performed in linear vibrating screen. The
separation efficiency was varied from 20 experimental trails from 2minutes to 40 minutes
with an interval of 2 minutes for each trial. The highest separation efficiency of vibrating
screen of 65.92% was obtained at 16 minutes. Screen clogging caused the reduction in
efficiency with respect to separation time. Prediction using regression analysis was performed
on the experimental results. The results show that the developed regression model was
correlating with experimental results.
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ABSTRACT

In resent years self — made habitants defined as an informal and marginalized or uncommon
residential areas are increasing quickly which results in highly severe problems such as
unauthorized and unmanageable growth which results in environmental, physical, social,
cultural and similar hazards for all the cities and with the lack of suitable attentions will turn
into more complex problems. Settlement and concentration of people with low income in
these places that have no communication with the other social classes such as middle class
causes not only decreasing the government control upon them but also results in creating and
forming so many dangerous social abnormalities in these districts. The main goal of this
research is investigating the best methodology for investigating the moving width and the
number of floors in these buildings in a short time and with a low cost people movement
pattern in all these habitants so It would be possible to predict the citizens behavioral patterns
in these districts easily and improve their security factors. In this research after field and
library studies, shots from Khezr district were taken by aerial survey and Unmanned Aerial
Vehicle (UAV) methods. Then using the data of the outboard of UAVs and using two
parameters- number of floors and the moving width- in the space syntax method analyzed
informations and tried to extract the pedestrians movements patterns in this context. Using the
results, solutions for improving the security in these districts will be proposed.

Keywords: Informal Inhabitants, Pedestrian, Security, UAV, Space Syntax
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ABSTRACT

Due to its financial benefits, the static synchronous compensator is now utilized more and
more in electrical networks. This paper intends to propose a method for reactive energy
compensation by optimizing a complex electrical system maintenance based on a reliability
procedure. The intricacy of electrical system architecture is simply one facet of its
complexity; the electrical network and interactions with reactive energy compensators
(STATCOM) are equally important. In order to address this complexity constraint and
evaluate the time-variant dependability of an electrical system, Bayesian networks are used.
In order to optimize the electrical system's preventive control interval, a global cost that takes
into account additional expenses associated with system operational uncertainty is included
into the probabilistic technique. The found results can be applied to enhance the performance
of the electrical system reliability.

Keywords: Reliability, Maintenance, Electrical system, BNs
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ABSTRACT

The trend of urbanization and industrialization has granted the world with a lot of applicable
and remarkable benefits. Along with the various advantages it also brings some issues and the
revolution of industry comes with environmental problems. Like other industries,
development in textile industry has brought the contamination of soil and water with effluent
dyes, Therefore treatment of dye-contaminated wastewater discharged from the textile and
other dye-stuff industries is necessary to prevent contamination of soil surface and ground
water. The cost effective biological strategy is the need of the time to complete
mineralization of organic pollutants. The current study is design to treat the toxic synthetic
dyes that is present in textile waste effluent by using different microorganism in an
environmental friendly manner.

Total forty bacterial strains were isolated from effluent and dye contaminated soil samples
using MSM (Minimal Salt) medium. After wards, the isolates were exploited for their dye
degradation activity by employing agar well diffusion and calorimetric methods.

Six out of forty bacterial cultures presented maximum dye degradation efficiency against five
different azoic dyes. This suggests that these bacteria release extracellular enzymes which
showed dye degradation ability. However, this research is beneficial to explore
biodegradation potential of bacteria so that they can be used in the treatment of different
waste effluents release from textile dyeing sector.

Keywords: Dye Degradation, Halophiles, Azoic Dyes
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