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KABIN MEMURU YONETIM SISTEMi MOBIL UYGULAMASI

Ali Giines 1, Irem Cevik 2

Original scientific paper

Mobil teknolojilerinde yasanan geligmeler, mobil uygulama kullanim diizeyini arttirmaktadir. Mobil uygulamalar, hayatin her alaninda kullanilmaktadur.
Bu kullanim alanlarindan biri de havacilik sektoriidiir. Bu ¢alismada kabin personelinin aylik ugus planlama bilgi sistemine yonelik bir mobil uygulama
gelistirilmistir. Uygulama, Android isletim sistemine uygun bir bigimde gelistirilmistir. Ayrica mobil uygulama gelistirilirken server-side islemler i¢in PHP
ve veritabani olarak MySql tercih edilmistir. Gelistirilen mobil uygulamada Profil, Tebliglerim, Ugus plani, Uguslarim, Diyet ve Seyir Defteri olmak iizere
alt1 ana modiil bulunmaktadir. Her modiiliin kendi igerisinde alt modiilleri yer almaktadir. Modiiller i¢eriklerine uygun simge ve renklendirme ile birlikte

modiil isimleri listelenmistir.

Anahtar Kelimeler: Mobil uygulama, kabin personeli,havacilik,android

1 Girig

Diziistii bilgisayarlar, tabletler ve akilli telefonlar
insanlarin ¢alisma bigimini, birbirleriyle etkilesim kurma
bi¢imini ve hatta nasil diisiindiiklerini dramatik bigimde
degisime ugratnustir. [1]. Ilk ddnem mobil cihazlar sadece
e-posta hizmetlerine odaklanmis olmasina ragmen
teknolojideki gelismeler mobil cihazlarinda yeteneklerini
gelistirmistir [2]. Diinya genelinde mobil cihazlarin
kullanimmin artmasi, nete erigebilen cihaz sayisimnin
tahmin edilenden fazla olmasi, web teknolojilerinin
geleceginin kesinlikle mobil oldugunu gostermektedir [3].
Kablosuz teknolojilerdeki siirekli gelismeler, cep
telefonlari, tabletler gibi mobil teknolojilerin yaygin
kullanimi, mobil teknolojilerin donanim ve yazilim
yeteneklerinin gelismesi ve daha diisiik maliyetlerle mobil
teknolojilere erisim imkanin artmasi nedeniyle son
yillarda ¢ok sayida mobil uygulama gelistirilmektedir
[4,5]. Mobil uygulama, mobil teknolojilerde kullanilan
yazilim sistemleri olarak tanimlanabilir (Zhang& Adipat,
2005). Mobil uygulama gelistirmek i¢in Java, Open C,
Python, Flash Lite, XHTML / CSS, JavaScript ve Mobil
Ajax gibi programlar kullanilabilir [6,7]. Mobil uygulama
icin bircok programm kullanilmasi, gelecekte daha
karmasik, zengin, kullanish ve islevsel mobil
uygulamalarina talebin artmasini saglayacaktir [3] . Mobil
cihazlar ve uygulamalar, tagmabilirlik, konum bilinci ve
erigilebilirlik agisindan kullanicilarina 6nemli avantajlar
saglar [4]. Bu nedenle birgok isletme rekabet avantaji
yakalamak i¢in mobil uygulamalar1 kullanmaktadirlar [5].
Mobil uygulama kullanilan alanlarindan biri de havacilik
sektoriidiir. Bu ¢aligmada kabin personelinin aylik ugus
planlama bilgi sistemine ydnelik bir mobil uygulama
geligtirilmistir.

2 Kabin Personeli Yonetim Sistemi Mobil Uygulamasi

Kabin personeli yoOnetim sistemi, havacilik
sektoriinde galisan kabin personeline yonelik gelistirilmis
aylik ucus planlama bilgi sistemidir. Kabin personeline
mobil  uygulama  araciligiyla  ulasilabilmektedir.
Gelistirilen mobil uygulama ile kabin personeline
giivenilir, hizli erigim imkani tantyan, motivasyonu
arttiran, anlik ve kolay bir hizmet sunulmaktadir. Mobil

uygulama icerisinde kabin personelinin kisisel bilgilerini,
ucus planmi, ucus planinda yapilan degisiklikler i¢in
yapilan tebligleri, gorev aldig1 uguslari, yer gorevlerini,
seyir defterini, diyet ve spor programlarini kapsayan
bircok 6geyi barindirmaktadir. Uygulama gelistirilirken,
Android igletim sistemine uygun bir bi¢imde
gelistirilmistir. Ayrica mobil uygulama gelistirilirken
server-side islemler i¢cin PHP ve veritabani olarak MySql
tercih edilmistir.

2.1 Girig Ekrani:

Mobil uygulamanin, ilk asamasinda sistem kurulumu
ve sisteme giris yapilmasi gerekmektedir. Kullanici
hesaplari, uygulamay1 calisanlarinin kullanimma sunan
kurum tarafindan kabin memurlar1 adia yetkili kigilerce
acilmaktadir. Mobil uygulamaya girisler e-posta ve sifre
ile yapilmaktadir. Uygulamaya giris yapildiginda giiniin
saatlerine gore (sabah, Ogle, aksam, gece) kullaniciya
ismiyle hitap edilerek ve kullanicinin motivasyonunu
arttiracak simge ile giris mesaji ekrana gelmektedir.

Uygulamada yer alan modiiller Profil, Tebliglerim,
Ugus plani, Ugusglarim, Diyet ve Seyir Defteri olmak iizere
alti ana baglikta toplanmistir. Her modiiliin kendi
icerisinde alt meniileri bulunmaktadir. Modiiller
iceriklerine uygun simge ve renklendirme ile birlikte
modiil isimleri listelenmigtir. Kullanic1 ulasmak istedigi
modiile, altinda bashgi yazan gorseli tiklayarak
ulasabilmektedir. Resim 1'de mobil uygulamada yer alan
modiil ekran goriintiisii yer almaktadir.

2.2 Profil Modiilii:

Kabin personelinin temel profil bilgileri Egitimler,
Kisisel Bilgiler, Pasaportlar, Asilar ve Sertifikalar olmak
iizere bes baslikta toplanmig ve ac¢ilir kapanir liste ile
sunulmustur. Kolay erisim ve kategorize edilmis listeleme
bi¢imi sayesinde kullaniciya hizli ve anlasilir sadelikte
tasarim sunulmustur. Resim 2'de Profil modiilii ekran
goriintiisii yer almaktadir. Profil modiiliiniin alt modiilii
olan Egitimler modiiliinde, Kabin personelinin, mesleki
yeterliligini gosteren ve basarili oldugu egitimler bu
boliimde yer almaktadir. Son gegerlilik tarihi yaklasan
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egitimler, farkli renkte listelenerek kullanicinin dikkatini
¢ekilmek amaglanmaktadir.
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Resim 1: Kabin personeli Yonetim Sistemi Modiil Ekran Goriintiisii
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Resim 2: Kabin Personeli Y6netim Sistemi Profil Modiil Ekran
Gorlintiisii

Kisisel Bilgiler alt modiiliinde, kabin personelinin,
kisisel ve mesleki temel bilgileri yer almaktadir.
Pasaportlar alt modiiliinde, sahip oldugu pasaportlar bu
bolimde gosterilerek son gegerlilik tarihi yaklasan
pasaportlar farkli renkte listelenmektedir. Asilar alt
modiiliinde, kabin personelinin ugus i¢in yaptirmak
zorunda oldugu asilar yer almaktadir ve son gecerlilik
tarihi yaklagan agilar farkli renkte listelenmektedir.
Sertifikalar alt modiiliinde ise kabin personelinin sahip
oldugu sertifikalar bu bolimde gosterilmektedir. Son
gegerlilik tarihi  yaklasan sertifikalar farkli renkte
listelenerek kullanicmin dikkati ¢ekilmek
amaglanmaktadir.

2.3 Tebliglerim Modiilii:
Kabin personelinin planlanan ugus programmda

yapilan degisiklikler ve yeni planlamalar bu boliimde
kurum tarafindan kullaniciya bildirilir. Tebliglerim

modiilii Teblig Arsivim, Giincel Tebliglerim ve Rezerve
Tebliglerim olmak iizere ii¢ baglikta toplanmis ve agilir
kapanir liste ile sunulmustur. Kolay erisim ve kategorize
edilmis listeleme bicimi sayesinde kullaniciya hizli ve
anlagilir sadelikte tasarim sunulmustur. Resim 3'te
Tebliglerim modiilii ekran gériintiisii yer almaktadir.

Tebliglerim
Teblig Argivim
Gincel Tebliglerim
Rezerve Tebliglerim
q 0] 0

Resim 3: Kabin Personeli Yonetim Sistemi Profil Modiil Ekran
Gorilintiisii

Teblig Arsivim alt modiiliinde, kabin personelinin
aylik programinda yapilan gegmis aylardaki degisiklikler
yer almaktadir. Giincel Tebliglerim alt modiiliinde, kabin
personelinin ig¢inde bulunulan aydaki aylik programinda
yapilan degisiklikler bu bolimde gdsterilmektedir.
Rezerve Tebliglerim alt modiiliinde ise kabin personelinin
aylik programinda bulunan yer gorevlerinde yapilan
geemis aylardaki degisiklikler yer almaktadir.

2.4 Ugus Plani Modiili:

Ugus plani modiiliinde Karsilama Mesajlari, Arama
Formu, Aylikk Program, Yer Gorevleri, Ucus Gorevi
Bilgisi, Ugus Ekibi alt modiilleri yer almaktadir.

Ucus modilinde Karsilama Mesajil, Karsilama
Mesaj1 2 ve Kargilama Mesaj1 3 olmak iizere ii¢ farkli
mesaj kullaniciya gdsterilmektedir. Karsilama Mesaji 1'de
personelinin, aylik programinda yer alan bir sonraki ugusa
kalan siire gosterilmektedir. Kargilama Mesaji 2' de kabin
personelinin, aylik programinda yer alan ugustan sonra
kullanicinin, gorevinin bittigini ifade eden "Goreviniz
Bitti, Lyi Istirahatlar" mesaji gosterilmektedir Karsilama
Mesaji1 3'te ise kabin personelinin aylik programinda yer
alan ugus gorevinin basladigini ifade eden "Iyi Uguslar”
mesaj1 gosterilmektedir.

Ugus modiiliiniin alt modiilii olan Arama Formu
modiiliinde, kabin personelinin aylk programini
goriintiilemek istedigi ay ve yil se¢imini yapmasini
saglayan takvim Arama Formu boélimiinde yer
almaktadwr. Aylik Program alt modiiliinde, kabin
personelinin  aylik programi, goérev koduna gore
renklendirilerek bu bolimde gosterilmektedir. Yer
gorevleri alt modiiliinde, rezerve gorevler ve ugus
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gorevleri farkli formatta listelenerek kullanicinin
dikkatini ¢gekmek amaglanmaktadir. Ugus modiiliiniin alt
modiilii olan Yer Gorevleri modiiliinde aylik programda
yer alan yer gérevinin detaylari; aktivite kodu, baslangig,
bitis, gorev yeri ve izin durumu yer almaktadir. Ucus
Gorevi Bilgisi alt modiiliinde aylik programda yer alan
ucus gorevinin detaylar1 bu bolimde gosterilmektedir.
Ayrica ugus ekibi bilgisi i¢in baglant1 sunulmaktadir.
Ucgus Ekibi alt modiiliinde ise ugus gorevinde yer alan
kabin memurlar1 bu bdliimde fotograflartyla birlikte yer
almaktadir.

2.5 Ucguslarim Modiilii:

Uguslarim modiiliinde Arama Formu, Gegmis Aylik
Program, Yer Gorevleri, Ugus Gorevi Bilgisi ve Ugus
Ekibi alt modiilleri yer almaktadir.

Arama Formu alt modiiliinde kabin personelinin,
geemis aylardaki aylk programmi goriintiilemek
amactyla istedigi ay ve yil se¢imini yapmasini saglayan
takvim yer almaktadir. Uguslarim modiiliinde yer alan
Gegmis Aylik Program alt modiiliinde, kabin personelinin
geemis ayllkk  programi, goérev koduna  gore
renklendirilerek gosterilmektedir. Yer gorevleri, rezerve
gorevler ve ugus gorevleri farkli formatta listelenerek
kullanictya sunulmaktadir. Yer Gorevleri alt modiiliinde,
gecmis aylik programda yer alan yer gorevinin detaylari;
aktivite kodu, baslangic tarihi, bitis tarihi, gorev yeri ve
izin durumu gosterilmektedir. Ugus Gorevi Bilgisi alt
modiilinde Geg¢mis aylik programda yer alan ugus
gorevinin mesai baslangic tarihi, mesai bitis tarihi, ugus
tipi, ucus siiresi, gorev siiresi, mesai dinlenme siiresi gibi
detaylar yer almaktadir. Ayrica ugus ekibi bilgisi igin
baglant1 sunulmaktadir. Ugus Ekibi alt modiiliinde ise
gerceklestirilen ucgus gorevinde yer alan kabin
personelleri bu bolimde fotograflariyla  birlikte
gosterilmektedir.

2.6 Diyet Modiilii:

Kullanicinin, beslenme planini takip edebilecegi,
diyet programlar1 ve spor aktivitelerini planlayabilecegi
spor programlarit bu bolimde gosterilmektedir. Tercih
edilen programlar farkli renkte listelenmistir. Ayrica
kullanicinin, yeni diyet ve spor programu eklemesini
saglayan form baglantismma yer verilmistir. Resim 4'te
Diyet Modiilii - Giris Ekran1 ekran goriintiisii yer
almaktadir.

Diyet Modiiliiniin altinda; Diyet Programlar1 alt
modiilii yer almaktadir ve bu modiilde Aktif Program,
Program Detayr ve Yeni Program Formu modiilleri
bulunmaktadir. Aktif Program modiiliinde, kullanicmnin
secmis oldugu diyet programinin tanitimi ve giiniin o
saatinde tiiketilebilecegi besinlerin listesi yer almaktadir.
Program Detay1 alt modiiliinde, kullanicinin se¢mis
oldugu diyet programma ait giinliik tiiketilecek besin
listesi gosterilmektedir. Resim XX'te Diyet Modiili -
Diyet Programlar1 - Program Detay1 ekran goriintiisii yer
almaktadir. Yeni Program Formu alt modiiliinde ise
kullanicinin ~ yeni diyet programini tanimlamasini
saglayacak form bu bolimde yer almaktadir. Kullanict
yeni  diyet programi  bilgilerini bu  ekrana
tanimlayabilmektedir.

Diyet Programian

'}' Spor Programian

Resim 4: Kabin Personeli Y6netim Sistemi Diyet Modiilii Ekran
Gorlintiisii

Diyet Modiiliiniin altinda; Spor Programlar alt
modiilii yer almaktadir ve bu modiilde Aktif Program,
Program Detayt ve Yeni Program Formu modiilleri
bulunmaktadir. Aktif Program alt modiiliinde kullanicinin
se¢mis oldugu spor programinin tanitimi ve giiniin o
saatinde yapilacak aktivitelerin listesi gosterilmektedir.
Program Detayr alt modilinde kullanicinin se¢mis
oldugu spor programina ait giinlik yapilacak aktivite
listesi yer almaktadiwr.  Yeni Program Formu alt
modiiliinde ise  kullanicinin yeni spor programini
tanimlamasini saglayacak form bulunmaktadir. Kullanici
istedigi spor programini bu forma tanimlayabilmektedir.

2.7 Seyir Defteri Modiilii:

Seyir Defteri modiiliinde, Yeni Kayit Formu ve Seyir
Giinliikleri alt modiilleri yer almaktadir. Yeni Kayit
Formu alt modiilinde kullanicinin, gergeklestirdigi
gorevlerden elde ettigi deneyimleri not almasimi saglayan
seyir defteri formu bu boliimde gosterilmektedir. Ayrica
kullanicinin, daha once kaydettigi seyir giinliikleri
baglantisma bulunmaktadir. Seyir Giinlikleri alt
modiiliinde ise kullanicinm, seyir defterine kaydettigi
notlar bu boliimde listelenmektedir. Kullanici istedigi
zaman ge¢mis notlarina erigebilmektedir.

3 Sonug

Mobil  teknolojilerin ~ yayginlagsmasi,  mobil
uygulamalara kars1 ilgiyi arttwrmaktadir. Bu ¢aligmada
kabin personelinin aylik ugus planlama bilgi sistemine
yonelik bir mobil uygulama gelistirilmistir. Gelistirilen
mobil uygulama ile kabin personeline giivenilir, hizl
erigim imkani taniyan, motivasyonu arttiran, anlik ve
kolay bir hizmet sunulmaktadwr. Uygulama android
isletim sistemine uygun bir bigimde gelistirilmistir ve
server-side islemler i¢cin PHP, veritabani olarak MySql
tercih edilmistir. Uygulama gelistirilirken odak grup
goriigmeleri yapilarak kabin personelinin ihtiyacina
uygun bir mobil uygulama olmasina 6zen gosterilmistir.
Odak goriismeler dogrultusunda mobil uygulamada
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iyilestirmeler gerceklestirilmistir.  Gelistirilen mobil
uygulamada Profil, Tebliglerim, Ugus plani, Uguslarim,
Diyet ve Seyir Defteri olmak iizere alti ana modiil
bulunmaktadir.  Her modiiliin kendi icerisinde alt
modiilleri yer almaktadir. Modiiller i¢eriklerine uygun
simge ve renklendirme ile birlikte modiil isimleri
listelenmistir. Gelistirilen mobil uygulamanin kullanici
hesaplari yetkili kisiler tarafindan gergeklestirilmektedir.
Mobil wuygulamaya girisler e-posta ve sifre ile
yapilmaktadir. Mobil uygulamada Profil modiild,
Egitimler, Kisisel Bilgiler, Pasaportlar, Asilar ve
Sertifikalar olmak tizere bes baglikta toplanmis ve agilir
kapanir liste ile sunulmustur. Tebliglerim modiilii Teblig
Arsivim, Giincel Tebliglerim ve Rezerve Tebliglerim
olmak iizere ¢ baglkta toplanmistr. Ugus plani
modiiliinde Karsilama Mesajlari, Arama Formu, Aylik
Program, Yer Gorevleri, Ugus Gorevi Bilgisi, Ugus Ekibi
alt modiilleri yer almaktadir. Uguslarim modiilii, Arama
Formu, Ge¢mis Aylik Program, Yer Gorevleri, Ucus
Gorevi Bilgisi ve Ugus Ekibi bes baslikta sunulmustur.
Diyet modiiliinde kullanicinin beslenme programini ve
spor aktivitelerini planlayacagi alt modiillerin yer
almaktadir. Seyir Defteri modiiliinde ise ger¢eklestirdigi
gorevlerden elde ettigi deneyimleri not edecegi alt
modiiller kullanictya sunulmaktadir.

Bu c¢alismada, kabin personelinin ihtiyaglarina
karsilayabilecek ve motivasyonunu arttiracak bir mobil
uygulama gelistirilmistir
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ACHIEVING 2050 DECARBONISATION TARGET OF THE AUTOMOTIVE INDUSTRY IN
EUROPE: A MULTI-LEVEL ANALYSIS

Fatih M. Ozel 1

Original Scientific Paper
The European Union (EU) aims to reduce overall CO, emissions at least 80% by 2050. For road transport, this involves at least a 95% reduction target for
2050, compared to 1990 levels. Most commentators argue that achieving this target requires a transition from internal combustion engine vehicles
(ICEVs) to battery electric vehicles (BEVs). Nevertheless, this entails substantial changes in the automotive value chain, which will not be motivated by
single factors. To support the automotive sector responding the aforementioned target, the factors limiting the new technology in the sector was analyzed
and challenged by applying the socio-technical transition theory to the automotive system and examining the existing requirements of critical actors. It
was found that a technical change might be possible with an industrial structure favoring the production and consumption of BEVs. However, to achieve
that, BEV technologies that are developed in niches by established companies and new entrants need to be further developed and prescriptive policy
instruments need to be implemented in a timely manner. Some helpful strategies were also identified and discussed for satisfying the needs of

governments, carmakers and small and medium sized enterprises.

Keywords: European automotive sector; 2050 CO, target; socio-technical transitions; battery electric vehicle; sustainable mobility

1 Introduction

The Earth has experienced an altering climate since
the beginning of time. However, during the last century,
human activity has resulted in important climate change
over a moderately short time period. The term “global
warming” is well recognized in literature and describes
the measured increase in the World’s average
temperature. This is caused by the build-up of key
greenhouse gases (GHG) in the atmosphere accumulated
from incessant combustion of fossil fuels and land-use
changes over the 20th century [1].

As a response, humerous governments have signed
the Kyoto Protocol of the United Nations Framework
Convention on Climate Change (UNFCCC) that was held
in Rio de Janeiro from 3 to 14 June 1992 [2] and they
have agreed that global warming has to be limited to
below 2°C compared to the average temperature in pre-
industrial times to prevent the most severe impacts of
climate change [3]. The Kyoto protocol, an international
agreement under UNFCCC, was also adopted in Kyoto,
Japan, on 11 December 1997 and entered into force on 16
February 2005.

Since oil is the dominant fuel source for
transportation with road transport accounting for 75% of
total energy use by the transport sector, transport in
particular road transport is a major contributor to GHG
emissions [4]. For the European Union (EU), transport
was responsible for approximately 25% of the GHG
emissions in 2012. Road transport alone contributed
nearly 20% of the EU's total emissions of CO2, the main
GHG [5]. The transport sector is also susceptible to oil
supply disruption and price instability [6].

In response, and also to comply with its commitments
under the Kyoto Protocol, the EU aims to reduce overall
CO, emissions by 20% by 2020 and by at least 80% by
2050 [7]. For transport, this involves at least a 60%
reduction target for 2050, compared to 1990 levels [8].
Achieving at least 80% decarbonisation overall by 2050
also translates into at least 95% decarbonisation of the
road transport sector compared to 1990 levels [9]. Most

commentators believe that achieving this target requires a
transition from internal combustion engine vehicles
(ICEVs) to battery electric vehicles (BEVS) [10-16].
However, such transition is very challenging as it
demands fundamental changes in the whole automotive
value chain [17-26], which will not be motivated by
single factors [22, 27, 28].

This paper aims to analyze factors limiting the
technical transition from ICEV to BEV in the automotive
sector in Europe and develop multifaceted strategies to
challenge these factors in order to support the sector
responding the 2050 CO, emission reduction challenge.

To this end this paper proceeds in the following
fashion. In section two, consideration is given to
technological alternatives and in particular to the need for
a transition from ICEVs to BEVs for achieving 2050
decarbonisation target. In section three, socio-technical
transition theory is discussed and applied to the
automotive industry to understand and theoretically
elaborate the critical factors and actors for achieving
technical transition. Thereupon, existing significant
challenges faced by these actors are examined in section
four. In section 5, corresponding strategies are presented
to overcome these challenges. Finally, in section 6, some
brief conclusions are given with respect to the study
undertaken.

2 Technological Alternatives to Reduce Carbon
Emissions from Automobiles

The automotive industry is currently dominated by
the ICEVs which use petroleum gasoline or diesel fuel
with two types of engine: spark-ignition for gasoline,
liquid petroleum gas and natural gas; and compression-
ignition for diesel fuel. Diesel engines are thought to be
approximately 25-30% more energy efficient [4].
However, ICEVs are largely inefficient since 14-30% of
the energy contained in a litre of fuel is used to drive an
ICEV depending on different driving conditions. The rest
of the energy is lost to internal combustion engine (ICE)
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and driveline inefficiencies or used to power accessories
[29].

A significant potential therefore exists for increasing
the efficiency of ICEVs with overall vehicle
improvements and ICE improvements. The EU’s 2050
target, which implies 95% decarbonisation of the road
transport sector compared to 1990 levels [9], also
translates into a CO emission target of 10 gCO./km for
the average of new cars sold by 2050 [30]. However, the
lowest CO; rates that can be achieved with fossil fueled
ICE powertrains are thought to be 80-90 gCO./km for the
best diesel ICEVs. To increase the efficiency above this
limit necessitates electrification and/or biofuels [31]. As
there are concerns regarding the environmental impact of
biofuels such as overall increase in the GHG emissions
due to the production of biofuels and land use changes
[32], most authors now express that electric propulsion or
electric mobility represents the most viable short-term
solution for the sustainability needs of automotive
industry [10-16].

Electric propulsion is a technological alternative to
the ICE. Vehicles that use the electric propulsion
technologies are described as electric vehicles (EVS).
Different types of EVs including hybrid vehicles (HEVS),
plug-in hybrid vehicles (PHEVs), range-extended electric
vehicles (REEVs), fuel cell electric vehicles (FCEVs) and
BEVs have been recently designed with the aim of
solving pollution problems caused by the emission of
ICEV. The prefixes to “EV” recognize the differences in
the primary propulsion, primary energy storage units and
drive train configurations.

However, it is not possible to reduce emissions below
60 gCO2/km with the best diesel hybrid vehicles [31].
This suggests that a gradual shift from ICEVs to BEVs
and FCEVs with hybrid vehicles and REEVs as bridging
technologies need to occur in the EU. Since it is thought
that FCEVs will be mainly used for larger vehicles in road
transportation while BEVs will be the main technological
option for the automotive industry in 2050 to comply with
the EU’s 2050 target [30], the rest of the paper will focus
on a transition from ICEVs to BEVs for achieving the
EU’s long-term CO; reduction target.

3 Transition Theory and Critical Factors for Achieving a
Transition in the Automotive Industry

According to the innovation literature, -electric
propulsion technologies are radical technologies that have
substantial impacts on carmakers and suppliers,
infrastructure providers and consumers etc. [33-37]. Due
to the multi-dimensional impacts of BEV technologies, a
successful technology change involves overcoming
barriers that go far beyond purely technological
innovation; and that economic, business, infrastructural,
institutional and societal innovations are just as important
[17-26]. Hence, a transition from ICEVs to BEVs
represents more than a technological challenge [22, 27,
38]. In fact, it is recognized as a “socio-technical”
challenge [17-26] requiring co-evolution between
multiple developments in the whole automotive value
chain [22, 27, 28].

The multi-level perspective (MLP) on socio-technical
transitions which describes the structure and dynamics of

socio-technical systems is therefore frequently used in
literature to wunderstand and study technological
transitions in road transport system [19, 22, 24, 28, 39-
41]. The framework is called MLP as it identifies three
analytical levels within socio-technical systems: niches,
socio-technical regimes and an overarching socio-
technical landscape. Niches form the micro-level in which
radical EV innovations emerge. The socio-technical
regime forms the meso-level, which comprises dominant
institutions and ICEV technologies and, thus, accounts for
the stability of existing automotive system. The macro-
level is formed by the sociotechnical landscape which is
an exogenous environment outside the direct influence of
niche and regime actors and it represents trends, and
contextual drivers and barriers to change [22].

In the MLP, linkages between elements at above
discussed levels might initiate technological change and
result in new regimes [28]. Even though each technology
transition is distinctive, transitions are generally initiated
by the interaction of developments at three analytical
levels: (a) niche-innovations build up internal momentum
(bottom-up), (b) changes in the overarching landscape
level create pressure on the regime (top-down), and (c)
destabilization of the regime creates windows of
opportunity for niche-innovations [22]. As a result, old
technology regime is replaced by the new radical
technology and a transition is occurred.

When this theory is applied to the automotive system,
it can be seen that the dominant ICE technology is very
firmly embedded within society and the economy, and all
of the actors and rules are geared towards this technology
[42, 43]. The “ICEV regime” concept is used to describe
such situation. According to Wells [18], at the core of this
regime, there are carmakers and their technology
packages of the all-steel body, the ICE and a distinctive
business model built upon “centralized manufacturing
economies of scale, long inbound and outbound logistics
lines, franchised retailers, and the outright sale of cars
(and associated finance) as the primary source of
revenue”. However, around this core, there are
multidimensional “shell” of supportive commercial
activities, social frameworks, practices, infrastructures,
lobby groups, behaviors, culture and beliefs etc. that
contribute to and mainly strengthen the existing ICEV
regime.

Consequently, achieving a transition from ICEV to
BEV requires a regime change which means significant
changes in the whole automotive value chain. As such
situation threatens established companies which have
vested interests in the existing industrial structure, they
innovate mostly incrementally by continuously improving
ICE technology to defend their current positions and
business models [25]. On average, around 80% of the
automotive industry’s patents are assumed to be awarded
to ICEV related technology, against only about 20% for
technologies associated with EVs [44].

As automobile manufacturers and other regime
participants such as fuel providers and consumers
typically resist the radical technology change, a transition
from ICEV to BEV only comes about if there is a
pressure from the landscape level on the ICEV regime
which destabilizes current practices and creates
opportunities for BEV technologies that are developed in
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niches to break through [18, 22, 24]. According to
previous studies, such pressures could be climate change
and related policy measures for BEVs [18, 25, 41, 45, 46].

Therefore, radical technologies are tend to firstly
develop in niches [17, 18, 22, 47-49]. Niches fill several
important functions such as shielding the radical
technologies from competition [50-52], nurturing further
development and assisting network building [52]. The
protection for BEV technologies is significant as they fail
to successfully compete within selection environments
embodied in ICEV regime. Therefore, they need to be
shielded against some of the dominant selection pressures
and nurtured through performance improvements and
expansions in supportive networks. However, the need for
protection might decrease progressively as they develop
and enter to more diverse markets. Typically, the
protection for niches is provided with government
policies. However, it may also be provided when private
firms commit considerable R&D budgets to the
development of particular innovations [50].

In niches, the innovations are largely developed by
outsiders to the existing regime which are also known as
new entrants or newcomers [53] since they have little to
lose and no vested interests compared to incumbent
companies [54]. Besides, radical innovations lower entry
barriers and open up windows of opportunity for
newcomers to enter the market [53-61]. In the case of the
automotive industry, it can be said that, currently at least,
technological innovations are rather layered on top of the
existing regime rather than displacing it since existing
carmakers are also developing BEV technologies owing
to the increased stringency of GHG regulations.

Socio-technical
landscape
LY
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Fuel Providers

Socio-technical
regime

]
[}
!
1
!
1
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[}
1
1
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Based on above mentioned theoretical constructs, an
ideal-typical illustration of how the three levels interact in
a dialectic manner in the unfolding of BEV socio-
technical transition is illustrated in Figure 1. As can be
seen, the following critical factors and actors can be
identified for achieving a technical transition in the
European Automotive Industry:

e Socio-technical landscape level: Policy measures
support technical change by creating pressure on
the regime participants as well as opening
windows of opportunities for BEV innovations
developed in niches. To facilitate the change, the
right instruments need to be implemented at the
right time by governments.

e Socio-technical regime level: The core of the
ICEV regime is composed by carmakers with
their value creation and capture activities. A
transition to BEV regime requires fundamental
changes in those activities. The exploitation and
occupation of BEV related value-add activities
by carmakers therefore accelerate the transition.

e Niche level: Technical developments pursued by
established companies and new entrants support
the technical change. However, protection by
means of governmental policies is required to
shield these technologies from competition, and
nurture the development and dissemination of
these novelties. For assisting the technical
transformation, understanding and supporting the
new entrants are therefore crucial.
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Fig.1. An illustration of socio-technical transition from ICEV to BEV based on MLP. Own illustration based on [22]
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4  Existing Challenges Faced by Critical Actors

Based on above mentioned theoretical findings, the
existing activities in different levels are explored and
analyzed in the following sub-sections to articulate the
challenges faced by critical actors involved in the BEV
value chain in Europe.

4.1 Governments and Prescriptive Policy Instruments

As suggested by the transition theory, a technical
transformation in the automotive industry is very unlikely
to happen on its own within an acceptable period of time
which ensures the EU's 2050 road transport
decarbonisation pathway. This is because ICEV based
value chain is strongly invested. Vehicle manufacturers
are still investing mostly to improve the ICEV efficiency
[44, 58, 62-67]. The present market structure also benefits
continuation of ICEVs and consumers are not yet familiar
with BEVs. Besides, BEVs necessitate a considerable
investment by consumers owing to the high sales price of
BEVs compared to those of similar ICEVs [68]. This is
mostly because of the additional cost of batteries [69, 70].
Additionally, BEVs create uncertainty for drivers owing
to the limited range and long charging intervals. Thus,
charging stations need to be established, battery
performance need to be improved and range extenders or
other related technologies need to be developed [68, 70].
While charging stations are established, issues such as
interoperability, maintenance and the required time to
charge need to be solved [68]. It is therefore increasingly
recognized that prescriptive policy interventions are
necessary to stimulate the development of BEV
technologies.

Aligned with such perspective, most of the EU’s
countries have established supportive policies for the
accelerated introduction of BEVs. An illustrative example
of supportive policies is the 2009 National Development
Plan for Electromobility in Germany, which set a target of
1 million BEVs in the national fleet by 2020 and provided
€500m in funding support. German government aims to
reduce the dependence on oil and decrease CO;
emissions, and strengthen Germany as an industrial and
technological location [71]. Although environmental
targets exist too, industrial goals play a more significant
role for German policies since Germany's economy is
highly dependent on its automotive industry and this is
endangered by a global transition from ICEVs towards
BEVs [41].

Another significant example is Norway, which has
the highest EV market penetration rates in Europe. To
reduce the carbon emissions in the road transport sector,
the country has specified a CO, emissions target for new
vehicles which is 85 g/km by 2020. However, since
Norway has no car manufacturing industry, the country’s
policies focus primarily on “user behavior, raising
awareness, and charging infrastructure.

For example, Transnova (now Enova) received 50-
100m Kroner (~€6-12m) between 2009 and 2010 to
support the introduction of BEV technologies and to
finance charging infrastructure for BEVs. In 2013,
another 6m Kroner (~€720,000) were made available by
Transnova to support the fast charging infrastructure.

Transnova also funded “Grenn Bil” (green car), which
aims to accelerate the uptake of EVs by publishing
statistics on EV registrations and charging points [72].
Besides, BEV wusers have preferential access to a
significant part of public infrastructure, including “free
access to toll roads, reduced fares on ferries, free parking,
access to bus lanes, and free charging at public charging”
[73]. PHEV users are also allowed to charge for free at
public charging stations in some cities. However, they
must pay the standard parking fee. To facilitate the
enforcement and increase the visibility of those measures,
EVs have also received special “registration plates” using
the prefix “EL” since 1999.

In terms of financial incentives in Norway, BEVs are
exempted from the registration tax (until 2020). Although
PHEVs are not exempted from the registration tax, they
still gain lower registration taxes compared to ICEVS
owing to lower CO; emission values. BEVs have also
been exempted from the VAT, which usually adds 25% of
a vehicle’s list price to the total cost, since 2001. The
VAT exemption is aimed to be continued until the end of
2017. The list price of BEVSs is decreased by 50% in the
calculation of the company car tax. This incentive is
aimed to be continued until 2018 [72]. As a result of these
supportive policies, at the end of 2015, there were
approximately 75,000 BEVs and about 12,000 PHEVs
registered in Norway. This represents a 17% market share
for BEVs and 5% market share for PHEVSs [74].

Other countries in the EU are also developing specific
policy measures both to support technological
development and to stimulate the market pertaining to
BEVs based on national governments™ specific BEV
transition targets. However, as can be clearly seen in the
case of Norway, there are several instruments which
national governments might use. The appropriate
selection and timely use of instruments is therefore highly
significant. Currently, ex-post analysis is mostly used for
assisting the selection of instruments. However, it is
increasingly inadequate to the task of guiding the
effective choice of policy interventions. To evaluate
different policy measures and enable the ex-ante analysis
of those measures, innovative frameworks are therefore
required.

4.2 Carmakers and Value-Add Activities

To achieve the 2050 target, mass production of BEVs
is required [75]. Nonetheless, this requires new
technologies and new competences. For example, BEVs
need new generations of batteries, electric motors and
inverters while they do not require some of the vital
technologies of ICEVs such as ICE and gearboxes.
Besides, new forms of thermos-management need to be
developed since there is no longer a combustion process
generating heat which can be used for heating or cooling.
Thus, a significant part of the automotive architecture
needs to be redesigned [70]. This means that there will be
a considerable change in the value-add creation for
carmakers. Whereas there would be a loss of value-add
associated with the ICE and gearbox as well as additional
components which correlate with a design optimized on
an ICE, there would be additional value-add tied to the
BEV component costs.
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The BEV drivetrain represents the 60% of the total
value add, and nearly 85% of the value add of the BEV
drivetrain is attributable to the battery. Overall, the total
value-add would be far higher for the BEV - by
approximately 63%. However, the move from ICEV to
BEV could represent a significant loss in value-add from
the point of view of the carmaker — circa 75% of the
present value added by the powertrain. Therefore,
carmakers need to re-evaluate their make-or-buy
decisions, especially with regards to powertrain
technologies and batteries [76].

Some established carmakers as well as new entrants
have already started investing heavily for capturing BEV
related value-add activities. This can be identified by
examining the EV sales. In 2015, the number of cars sold
worldwide reached approximately 89 million units. Total
global EV sales were also close to 2 million [77]. In 2016
(January-May period), worldwide EV sales hit around
240,000. The best seller was Nissan Leaf followed by
Tesla Model S (new entrant). Another new entrant’s
(BYD) three models also appeared in the world's top 10
selling plug-in cars. In terms of automobile
manufacturers, BYD was the largest plug-in automobile
manufacturer with over 33,000 deliveries. Since BYD's
PHEVs and BEVs are available only in China, BYD's
success is noteworthy. Nissan with global presence of
LEAF is second at nearly 24,500 with Tesla on the tail,
approaching 22,000. Other largest plug-in automobile
manufacturers were BMW, Mitsubishi, Volkswagen,
Renault, BAIC, Chevrolet and Ford respectively [78].

Owing to its high value-add, several firms from very
diverse sectors have started to invest in lithium-ion
batteries, which are used commonly for the on-board
energy supply of BEVs [79, 80]. For example, in addition
to the established battery companies, such as Bosch, Varta
and Johnson Controls, chemical companies, carmakers
(often in joint ventures with prominent battery producers
from Japan and Korea), automotive parts manufacturers
as well as plant engineering and construction firms are
increasingly entering into the battery value chain. Tesla’s
Gigafactory also started to produce batteries at the
beginning of 2017 and it is expected to reach full capacity
in 2020, and produce more lithium-ion batteries annually
than were produced worldwide in 2013 [81].

Table 1: World's Top 10 Battery Makers Ranked by MWh
Produced in 2015. Compiled from [82]

Battery 2015 2014 %" %"
Producers (MWh) (MWh) 2015 2014
Panasonic 4552 2726 38 38
BYD 1652 461 14 6
LG Chem 1432 886 12 12
AESC 1272 1620 11 23
Mitsubishi/GS

Yuasa 600 451 5 6
Samsung 504 314 4 4
Epower 489 N/A 4 N/A
Beijing Pride

Power (BPP) 397 121 3 2
Air Lithium

(Lyoyang) 283 N/A 2 N/A
Wanxiang 268 N/A 2 N/A
TOTAL 12289 7167

This trend can be recognized by examining the
production numbers. For example, production grew
around 72% in 2015 compared to 2014 as displayed in
Table 1. Panasonic was the leader in terms of battery
production with 38% of market share in 2015. A
significant part of Panasonic batteries have been used in
Tesla Model S. However, the Chinese company BYD
which was the second in the top 10 battery makers list
grew even faster. The South Korean manufacturer LG
Chem was the third in the list. However, AESC
(Automotive Energy Supply Corporation) which is the
joint venture between NEC and Nissan lost 12% market
share in 2015 compared to 2014. Although Lithium
Energy Japan's (GS Yuasa / Mitsubishi) sales increased,
the company lost 1% market share. Samsung which has a
partnership with BMW and FIAT also increased the
battery production.

There are also other ongoing activities to occupy
BEV related value-add activities. For example, battery
producers have started manufacturing cars such as BYD
in China and Bolloré in France; tyre manufacturers such
as Continental and Michelin produce entire concept cars;
chemical companies such as Evonik increase their auto
parts portfolio; and carmakers and energy utilities venture
into new mobility services, such as car-sharing.

In short, a technical transition in the automotive
industry requires considerable changes in the value-add
creation for carmakers. Some new entrants (i.e. BYD and
Tesla) have already started occupying high value-add
fields and challenging the established companies. The
battery production is dominated by Asian companies. To
take advantage of the paradigm changes in the industry,
new business models are also emerging. Although the
European Automotive Industry is strong, European
Carmakers need to consider their make or buy decisions
and invest more in the high value-add activities,
especially in the battery value chain, and exploit and use
new game-changing innovative business models.

4.3 Newcomers and Measures to Support Them

As suggested by the transition theory, established
companies typically have vested interests and they are
inclined to defend their current positions and business
models with incremental innovations rather than fully
adopting radical innovations. Such situation also explains
the ICEV focused strategy of many carmakers. On the
contrary, new entrants are much less constrained by
dominant institutions and the status quo [25]. Thus, new
entrants are recognized as more capable of developing
radical technologies in literature, especially when
technologies are still in the “niche” status.

New entrants include both micro, small and medium
sized enterprises (SMEs) and diversifying established
firms moving into emerging BEV markets [53]. Yet,
recent studies found that SMEs compose the majority of
those companies in BEV niches [65, 83]. Indeed, as
discussed previously, new entrants such as Tesla and
BYD are contributing strongly to the development and
dissemination of BEVs.

In the existing ICEV based automotive industry,
smaller suppliers and SMEs have marginal roles.
Nevertheless, various opportunities are opening up for
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those companies with a transition from ICEVs to BEVs
[84]. While carmakers and Tier 1 suppliers are
increasingly  developing and implementing BEV
innovations, they are also looking outside the
organizational boundaries in search for deep specialized
knowledge and expertise owing to the specialization and
the speed of new technical developments. In this regard,
with the transition, SMEs are having more opportunities
to capitalize on their innovations [85]. There are five key
areas where new opportunities are emerging: a) to reduce
the total cost of ownership of BEVs by developing battery
technologies and new business models b) to overcome the
range problem by developing new solutions c) to ensure
energy supply and optimize energy usage by developing
software solutions d) for recycling and €) for new niche
market BEVs [70].

SMEs are also very significant for the economic
growth. In fact, the EU can achieve both economic
growth and emission reduction targets by supporting the
SME development [84]. Aligned with such perspective,
EU aims growth by promoting  successful
entrepreneurship and improving the business environment
for SMEs with policies designed for assisting SMEs at all
stages of development. The Small Business Act for
Europe articulates this commitment. At the EU level,
green transport research, technical development and
innovation is supported with “Horizon 2020 program. It
also provides “SME Instrument program” providing full-
cycle business innovation support specifically for SMEs.

Although the emergence of the BEV sector has
provided opportunities for SMEs to become part of a
developing supply chain, they require financial support,
strategic partnerships (especially for contracting with
larger organizations) as well as technology protection
support mechanisms for further exploiting the
opportunities and accelerate the technology development
[84]. On the other hand, diversifying established firms
such as Continental, Michelin or Evonik might also
require additional support or industry level intervention
(higher pressure on ICEV regime by political actors) to be
more active in the BEV industry. However, to enable the
suitable support, the requirements of these companies
need to be clearly identified and specific strategical
interventions need to be developed at the EU level.

5 Challenges and Strategies

There are several ongoing transition-related activities
at multiple levels in the European Automotive System. In
order to accelerate the technical change and achieve the
2050 target, some measures might be taken for
challenging the factors limiting the new technology, as
given below:

e A technical transition in the automotive industry
is very unlikely to happen by itself within an
acceptable period of time ensuring the EU's
2050 road transport decarbonisation pathway. To
achieve the 2050 target, suitable EU level and
county level policies need to be implemented in
a timely manner. To support that, robust ex-ante
policy intervention evaluation frameworks are
required. Such frameworks might have the
potential to support national governments in:

identifying and improving the dynamics of BEV
innovation  instruments more  effectively,
validating results and impacts of instruments on
development of BEV technologies and selecting
the most appropriate instruments for their
country based on their specific transition goals.

e BEVs have a completely different value structure
compared to ICEVs. A BEV comes along with
approximately 63% higher value added, which is
mainly generated at the supplier for the battery
cell. Currently, the battery production is
dominated by Asian companies and Tesla’s
Gigafactory is expected to create a huge impact
in the battery industry. Owing to its high value-
add as well as strategic importance, more
companies are also expected to enter the battery
value chain. In this regard, although the
European Carmakers have strong competences in
vehicle production, engineering and qualified
personnel, they need to re-evaluate their make or
buy decisions regarding BEV drivetrain,
continually  innovate through investment,
strengthen the links with the R&D sector, and
develop and adopt innovative business models.
The strategic partnerships might also be suitable
to reduce the risks during the transition period.

e SMEs and diversifying established firms are
increasingly entering to the BEV value chain
with innovative products and services. However,
these actors need to be supported to accelerate
the technical transition. Besides, SMEs play a
very significant role in competitiveness owing to
their ability to innovate, increase employment
and contribute to economy. Maximising SME
engagement and benefit from the transition to
BEVs is therefore significant due to their
potential in triggering economic development
and innovation via the exploitation of emerging
BEV business opportunities. Support measures
for SMEs especially in three key areas, namely
protecting intellectual property, establishing
relationships and funding investments might be
considered. Additionally, the requirements of
diversifying established firms might be revealed
and particular measures to satisfy these
requirements can be developed and implemented
to further assist the technical change.

6 Conclusions

2050 GHG reduction target of the EU is an ambitious
but also a necessary goal in terms of complying with the
Kyoto Protocol of the UNFCCC's 2°C target. In the
automotive industry context, achieving such target
requires a technical transition from ICEVs to BEVs,
which will not be motivated by single factors. This paper
provided a way of achieving fundamental changes in the
automotive value chain by analyzing and challenging the
factors that limit the new technology. Key outcomes for
the study include:

e A transition from ICEVs to BEVs might be

possible with an industrial structure which favors
the production and consumption of BEVSs.
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However, to achieve such architectural change,
BEV technologies that are developed in niches
by incumbent companies and new entrants need
to be further developed and prescriptive policy
interventions need to be implemented.

e There are several instruments governments
might use for promoting BEV technologies. The
high diversity of instruments together with the
increasingly apparent need for urgency in
achieving a transition to a more sustainable
mobility, means that ex-post analysis is
increasingly inadequate to the task of guiding the
effective choice of policy interventions. To
evaluate various policy measures and enable the
pre-implementation analysis of those measures,
robust ex-ante frameworks need to be developed.

e A technological transition in the automotive
industry requires considerable changes in the
value-add creation for carmakers. Some new
entrants have already started investing
significantly for occupying the high value-added
fields. This can be seen especially in the case of
battery value chain, which is the highest value-
add part of the BEVs. The battery production is
dominated by Asian companies. Therefore,
European Carmakers need to re-evaluate their
make or buy decisions and capture the high
value-add activities. To support that, new
business models need to be developed and
implemented.

e SMEs are very significant for achieving the
GHG reduction target as well as for the
competitiveness of the European Economy.
However, they need more support for protecting
technology, establishing relationships and
funding investments. Such kinds of measures
might further motivate SMEs to become a part of
the emerging BEV-based value chain. The
requirements for the diversifying establish firms
also need to be investigated and specific support
measures for these companies need to be
implemented.
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Electronic learning (e-learning) has changed learning and teaching design round the world, it have been advanced by educational institutes with large efforts.
Learning Management System (LMS) is one of the significant web based invention to e-learning platform. One of the LMS is ILIAS, which is a web based
LMS, advanced by using best open source technology PHP, MySQL and Apache is used as web server. ILIAS is sophisticated in German but it also supports
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Drag and Drop and Text formatting editor for message content.
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1 Introduction

The field of e-learning systems has received significant
study interest over the past few years. More specifically,
many web-based learning systems (E-Class webpage,
2007; Moodle webpage, 2007) have been advanced,
aiming at being ubiquitously obtainable and therefore
simplify a user’s learning by saving time [1],[2]. For such
web-based learning systems research has suggested
different architecture approaches and employment of
distinct components to contribute a system’s
personalization and to make up the architecture of the
system [3],[4].E-learning programs developed by
educational institutes with great efforts and vast sum of
money [5],[6]. Many institutions pay attention to e-
learning systems that function a significant role in their
knowledge management activities [7]

E-learning is commonly demonstrated as the
intentional use of electronic instruments such as television,
computer and including the delivery of content via audio
(or video tape), internet, intranet, and so on for learning.
Among of these e-learning environments, web based
technologies offer various interactive applications like
virtual communities of practice, forums, wiki or 3D virtual
world [8],[9].

Learning Management System (LMS) is one of the
significant web based invention to e-learning platform that
blend in-class education and online teaching during the
learning operation [10],[11].

There are many learning management systems, one of
them is ILIAS, which is a web based learning management
system, advanced by using best open source technology
PHP, MySQL and Apache is used as web server[12],[13].
ILIAS is sophisticated in German but it also supports
multiple languages including English [14]. The ILIAS
LMS platform is a media which serves as the classroom
repository for the reading materials and related course-
work such as the course syllabus, and related course
content, while ILIAS is the official platform for classroom
communication [15],[16].

There are already some filters available in the ILIAS
mail system (sender, Subject, Body, Attachments).
However, with more and more E-mails arising over the
years, students might also need a date filter to find what
they are looking for, also Sorting E-mails in the ILIAS mail

system is not very convenient, moving a mail to a folder
affords four clicks (checking mail — opening menu —
choosing folder — clicking "Execute™) which is quite a lot,
Formatting a text can draw the reader's attention to a
specific part of a text also emphasize important
information. There is several options for adjusting text,
including font, size, and color also adjusting the alignment
of the text to change how it is displayed on the message.
To compose a new E-mail by using ILIAS’s mail system,
you will not find the above attributes, so, the goals of the
study will be writing codes to add three missing features to
ILIAS. Those features are: Date filter for e-mails, Move e-
mails to Folders by Drag and Drop and Text formatting
editor for message content. to reach these goals several
steps has been done like installing ILIAS, Reading ILIAS’s
codes, Writing the codes for missing features, Testing the
added feature and checking out for bugs.

2 Methodology

ILIAS LMS is a wide information platform, has many
important features but it lacks for using more than one
feature at the same time. As a result for long search to find
important missing features in ILIAS, finally found at
ILIAS's home page, which includes three main sections,
these sections are:

* Using ILIAS

«  Development

+  Communities

From this page the three following suggested features
were selected to be a main goal for this research.

To write the codes for those three features the
following steps has been taken:

Step 1 - The Installation part:

To install ILIAS, it was need software like XAMPP
(PHP - MySQL- Apache) to make the computer as a local
host, this is as in ILIAS requirement in the Installation and
Maintenance section in ILIAS’s website, also installing
extra tools like (zip, unzip, Image Magick Display,
notepad++ for code editing).

Step 2 - Reading ILIAS’s codes:

14
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To read ILIAS’s code first of all the software must be
running, then trying to find the codes of ILIAS that related
to mail module, discover the database and tables related to
mail (mail table in database) to add the codes of missing
features in the right position.

Step 3 - Writing the codes for missing features:

ILIAS is a web based platform for coding these
features the following programming languages were used:

« HTML

« PHP

« MYSQL

Step 4 - Testing the added feature and checking out for
bugs:

Testing the developed copy of ILIAS with the new
features manually by using the computer as a local host to
allow users access the software and using the developed
features. Because ILIAS is a platform used by students,
after completing the programming side of the added
features a survey has been applied and answered by Firat
University's students to know the effectiveness and
usefulness of the added features in saving time and
improving usability.

The students had answer the questionnaire in two
ways, by fill out the questions form on Google drive and a
hard copy of the questionnaire.

For this survey SPSS 16.0 software has been used,
installed on a personal computer with window 7 as an
operating system to determine the result of the survey.

In SPSS software a frequencies analysis has been used
as a method for determining the survey results.

3 Result Analysis

To discover what effective result has the added
features into ILIAS LMS, a questionnaire with many
questions was prepared, those questions have been
answered by 73 students from Firat University/Technical
College/Software Engineering Department in Turkey after
using ILIAS including the added features.

e Result of the First Question

The first feature included adding a date filter to
ILIAS’s E-mail system.

=
=

b

Figure 1. shows ILIAS’s mail system before adding date filter for E-
mail.

Figure 2. shows ILIAS’s mail system after adding date filter for E-
mail.

The first question of the survey and its result are
illustrated in the following:

Question1/Do you think by using the date filter in
searching for a specific E-mail will make your search
easier and faster?

Table 1. The percentage of the students’ answer about the first question.

Frequency Percent | Valid Cumulative
Percent Percent
No 3 41 41 41
Yes 70 95.9 95.9 100.0
Total 73 100.0 100.0

The above question has been answered by 73 students,
4.1 percent of the student answered by (No) and 95.9
percent of them answered by (Yes). This result shows that
the large number of the students thought by adding a date
filter to ILIAS’s E-mail system, this addition will increase
and facilitate the usability of this platform.

e Result of the Second Question

ILIAS enable its users to move E-mail to a folder by
these steps (checking mail — opening menu — choosing
folder — clicking "Execute).

oe

Figure 3. moving E-mail to a folder by several steps.

To know the time that those steps is taking to move
any E-mail, the following question has been answered by
73 students.

Question2/How much time do you need to move E-
mails to a folder by these steps (checking mail — opening
menu — choosing folder — clicking "Execute™)?
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Table 2. The percentage of the students” answer about the second

question.
Frequency | Percent | Valid Cumulative
Percent | Percent
1 sec 1 1.4 1.4 1.4
2 sec 6 8.2 8.2 9.6
3sec 15 20.5 20.5 30.1
4 sec 14 19.2 19.2 49.3
5 sec 37 50.7 50.7 100.0
Total 73 100.0 100.0

a folder than the old way which include many steps for
moving E-mails.

Question4/Do you think that moving E-mails to
folders by drag and drop is faster way than the old way
which needs the following steps (checking mail — opening
menu — choosing folder — clicking "Execute™)?

Table 4.The percentage of the students’ answer about the fourth

As a result, according to the answers of the students
50.7 percent of the student thought that these steps take
about 5 seconds.

e Result of the Third Question

The second added feature is moving E-mail to a folder
by drag and drop, the following figures shown how this
process has been done.

4
- B . — -

[ oo | oo |

e e e

Figure 4. moving E-mail to a folder by drag and drop.

The students have answered a question about the total
time that needs to move an E-mail to a folder by drag and
drop feature, the result was as illustrate in the following
table.

Quetion3/How much time do you need to move E-
mails to a folder by drag and drop?

Table 3. The percentage of the students’ answer about the third

question.
Frequency | Percent | Valid Cumulative
Percent | Percent

1sec 10 13.7 13.7 13.7
2 sec 40 54.8 54.8 68.5
3sec 15 205 20.5 89.0
4 sec 5 6.8 6.8 95.9
5 sec 3 41 41 100.0
Total 73 100.0 100.0

question.
Frequency Percent | Valid Cumulative
Percent Percent
No 4 55 55 55
Yes 69 945 94.5 100.0
Total 73 100.0 100.0

69 Student from 73 which equal to 94.5 percent
thought that drag and drop is a faster way to move E-mail
to a folder than the old way for moving E-mails.

e Result of the fifth Question

Formatting a text can draw the reader's attention to a
specific parts of a text, also emphasize important
information. There is several options for adjusting text,
including font, size, and color also adjusting the alignment
of the text to change how it is displayed on the message.

To compose a new E-mail by using ILIAS’s mail
system you will not find the above attributes, therefore a
text formatting editor has been added as a third addition
feature.

Figure 6. ILIAS’s E-mail composing page after adding a text
Formatting editor.

To know whether adding this features is effective or
not, a question about this feature has been answered by the
students, and the result demonstrated in the table below.

Question5/Do you find adding Text formatting editor

40 students from 73 which is equal to 54.8 percent
have selected 2 seconds as a total time for moving an E-
mail to a folder by drag and drop, this result shows that the
drag and drop feature takes less time than the old way
which takes about 5 seconds to move an E-mail to a folder
and that is a good way to save time for student.

e Result of the fourth Question

The following answers of the students about a
guestion which method is faster way to move E-mails,
proves that drag and drop is a faster way to move E-mail to

for the message content useful?

Table 5. The percentage of the students” answer about the fifth question.

Frequency Percent | Valid Cumulative
Percent Percent
No 1 14 14 14
Yes 72 98.6 98.6 100.0
Total 73 100.0 100.0
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The question has been answered by 73 student, 72 of
them which equal to 98.6 percent thought that adding a text
formatting editor feature is necessary to improve the
usability for composing a message.

4 Conclusion

ILIAS is a powerful Open Source Learning
Management System for developing and releasing web-
based e-learning. The software was developed to reduce
the cost for using a new media in education, further training
and to ensure the maximum level of customer influence in
the implementation of the software. ILIAS is published by
ILIAS open source e-Learning under the General Public
License and free of charge. Internal E-mail in ILIAS is
using for communication with other users and to receive
notifications from the forums and the courses. Students can
use internal E-mail feature to E-mail groups and
individuals. It supports the delivery of internal mails to
external E-mail addresses as well. There are already some
filters available in the ILIAS mail system (sender, Subject,
Body, Attachments). However, with more and more E-
mails arising over the years, students might also need a date
filter to find what they are looking for, so that a date filter
feature has been added, by adding a date filter to ILIAS’s
E-mail system, this addition will increase and facilitate the
usability of this platform.

Sorting E-mails in the ILIAS mail system is not very
convenient, moving a mail to a folder affords four clicks
(checking mail — opening menu — choosing folder —
clicking "Execute™) which is quite a lot, to save time and
to keep your inbox tidy, drag and drop feature has been
added as an alternative to the old way for moving E-mails.

Formatting a text can draw the reader's attention to a
specific part of a text also emphasize important
information. There is several options for adjusting text,
including font, size, and color also adjusting the alignment
of the text to change how it is displayed on the message.

To compose a new E-mail by using ILIAS’s mail
system, you will not find the above attributes, therefore text
formatting editor has been added as a third addition feature.

Future work in this area will include further work on
Sorting of Mail According to Courses and Groups .At
present the user of ILIAS can sort their mails according to
Sender, Subject and Date. For people who are active in
many different courses, it would be great to have a way to
filter mail according to courses, so that only mails which
belongs to a certain course will appear.
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Kiiresel kirleticilerin cevreye olan énemli zararli etkilerden dolay: kil minerallerinin tarimda kullanim alanlari geniglemistir. Ozellikle organik olarak
yetistirilen {iriinler icin Iyi Tarim Uygulamalar1 (GAPs) fikri ortaya konulmustur. Bu baglamda Partikiil Film Teknolojisi (PFT) gibi birkag inovatif
teknoloji, tarimsal sanayii ¢ergevesinde gelistirilmistir. Bunlar, hastaliklar, bocekler, giines yaralanmalari, donma zararlart ve meyvenin gelisimini
tamamlayan renk, karbon asimilasyon orani gibi hasat dncesi ve sonras1 meyve kalitesini etkileyen zararlar1 azaltmak i¢in 6zel olarak formiile edilmis siv
formulasyonlardan olusan, kimyasal olarak inert kil ya da kil mineral partikiillerinden olusurlar. Son yirmi yilda gesitli film teknolojisinin gelistirilmesi
tizerinde 6nemli sayida arastirma yapilmistir. Ayrica bahge bitkileri ve gesitli tarla ve sera bitkileri lizerindeki etkileri de arastirilmistir. Bu makalede kil

mineralleri ve tarimda uygulamalart le ilgili bilgiler verilmektedir.

Anahtar Kelimeler: Kil Mineralleri, Tarim, Uygulama Alanlar:

1 Girig

Kil minerallerinin ¢ok biiyiik ve karmasik bir mineral
dizisine  sahip olmalar, iceriklerindeki yabanci
maddelerin varligi, olusum yeri ve 6zelliklerinin degisik
olusu gibi parametrelerden dolay1 bircok sekilde
smiflandirilmaktadirlar.  Genelde bu smiflandirmalar
asagida verildigi gibidir[1]. Killerin ekonomik degeri,
icerdigi kil ve kil dis1 minerallerin ¢esidi, orani, kimyasal
bilesimi ve rengine bagl olarak degismektedir. Icerdikleri
minerallerin oran ve bilegsimlerine bagli olarak killerin
renkleri gri, pembe, yesil, beyaz, kahverengi tonlarinda
olabilirler[2,3,4]. Volkan tiiflerinin agmmmasiyla olusan
killer, gozenekli ve su c¢ekici yiizeye sahip
minerallerdir[5]. Tabakalar1 arasina ¢esitli organik ve
inorganik molekiillerin girmesi yaninda iyon degisimi ile
degisik  katyonlarin  sokulmasi  sonucu  farkli
fizikokimyasal ozelliklere sahip teknolojik iiriinler elde
edilebilmektedir[6].

Gozenekli yapiya sahip olan killerin kullanim alanlar1
ingaat endiistrisinden kagit ve petrokimya endiistrisine;
radyoaktif atiklarmn ve atik sularin temizlenmesi; seramik
ve ¢imento iiretiminden bitkisel yag, bira, sarap ve meyve
suyu agartmaya; diyafram, elektrot, deterjan, ilag, sabun,
katalizor, lastik ve plastik iiretimi gibi ¢ok genis alanlar1
kapsamaktadir[7]. Asit aktivasyonu, termal islem, iyon
degisimi, hidrotermal islem ve adsorpsiyon gibi
yontemlerle killerin mineralojik, reolojik, adsorplama ve
kimyasal 0Ozellikleri istenilen dogrultuda degistirilerek
ileri teknoloji malzemeleri iiretilmektedir|8].

Bir kil mineralinin, yapisina su aldik¢a genisleme
gostermesine “sigsme” denir. Kil mineralinin fiziksel hali;
su aldik¢a katr halden (susuz) hidratlagmis, yari-kati
plastik, jel ve siispansiyon hallerine sirayla doniisme
gostermektedir[9,10,11]. Simektit-su sistemleri; tarimsal,
gevresel ve endiistriyel alanlarin gogunda biiyiik 6neme
sahiptir. Sizdirmazlik problemlerinin giderilmesi, baraj
ingaat1 dokiim kalibi hazirlanmasi, sondaj sivilarmin
hazirlanmasi gibi mithendislik islerinde kullanilmaktadir.
Kiiresel kirleticilerin ¢evreye olan Onemli zararl
etkilerden dolay1 kil minerallerinin tarimda kullanim
alanlar1 genislemistir. Ozellikle organik olarak yetistirilen
iiriinler igin Iyi Tarim Uygulamalar1 (GAPs) fikri ortaya
konulmustur. Bu baglamda Partikiill Film Teknolojisi

(PFT) gibi birkag¢ inovatif teknoloji, tarim bilimcileri
tarafindan gelistirilmistir. Bunlar, hastaliklar, bdcekler,
giines yaralanmalari, donma =zararlart ve meyvenin
gelisimini tamamlayan renk, karbon asimilasyon orani
gibi hasat Oncesi ve sonrast meyve kalitesini etkileyen
zararlar1 azaltmak i¢in 6zel olarak formiile edilmis sivi
formulasyonlardan olusan, kimyasal olarak inert kil ya da
kil mineral partikiillerinden olusurlar. Son yirmi yilda
cesitli film teknolojisinin gelistirilmesi iizerinde Onemli
sayida arastirma yapilmustir. Ayrica bahge bitkileri ve
gesitli  tarim  bitkileri  iizerindeki  etkileri  de
arastirilmistir[ 12]. Bu makalede kil mineralleri ve tarimda
uygulamalari ile ilgili bilgiler verilmektedir.

2 Partikiil Film Teknolojisi (PFT) ve Kullaniminin Tarihsel
Seriiveni

Bahge bitkilerinin iiretiminde kullanilan pestisitlerin
kalmtilarinin ~ zararli etkileri ile ilgili tiiketicilerin
farkindaliginm artmas: ile sadece tiiketici sagligi i¢in
degil, ayn1 zamanda ¢evre sagligi igin artan endise toksik
kimyasallarin kullanimini azaltmada yardimci olabilecek
bazi alternatifler igin 6nemli1 ¢calismalar yapilmistir[13].
Iyi tarim uygulamalari GAPs (Good Agricultural
Aplications) bu sorunlarin Onlenmesi igin partikiil film
teknolojisinin kullanimini tavsiye etmistir. Bu partikiil
film teknolojisi iirlinleri kimyasal olarak inert mineral
partikiillerinin sivi formulasyonlarindan olusmaktadir ve
bunlar 6zel olarak formiile edilerek tarim ve bahge
bitkilerinde kaplama materyali kullanilarak koruma
gorevi gormektedir[14,15]. Bu partikiil filmler ¢esitli
temel fiziksel 6zellikleri sayesinde tarla bitki {irlinlerinin
verimini ve sentezini arttirirken ayni zamanda onlarin
bitkilerdeki bocek ve  Dbitki patojen  hasarmi
azaltmaktadir[16].

Dogada birgok hayvan; yaygin olarak {izerlerinde
beslenme amaciyla sokup emen yumurta birakan veya
isiran boceklerden ve bu bdceklerin  parazitlerinden
kendilerini korumak icin “ toz banyosu “almaktadirlar.
Toprak tozlar1 ayn1 zamanda ilk insanlar, memeliler ve
kuslar tarafindan bocek sokmalarin1 (1srmalarini)
onlemek i¢in  kullanilmistu[17].  Antik  ¢aglarda;
bitumenin (Anadoluda har¢ veya ¢imento olarak
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Minerolojik Ozelliklerine Gore

Yapilarina Gore Killer

Kimyasal i¢eriklerine Fiziksel Ozelliklerine Gore

Killer Gore killer Killer
+ Kaolin Grubu *Amorf Grup *Aliiminyum igerikli *Plastik 6zelligine
*Smektit (Montmorillonit) Grubu +Kristal Grup *Boksit igerikli *Tane boyutuna
* Mika Grubu «Silikat igerikli *Refrakter 6zelligine
« Klorit Grubu *Demir igerikli *Renk 6zelligine gore
« {llit Grubu *Kalsit igerikli
*Attapulgit Grubu *Karbonat igerikli

Sekil 1. Killerin Siniflandiriimasi[1]

kullanilan bir tiir asfalt) yaninda elemental kiikiirt veya
stlfiir bilesikleri kullanilarak aga¢ ve baglardan bocekleri
uzaklastirmak i¢in silfiir dumani seklinde kullanim
sekilleri vardir[18].1lk zamanlarda; Cinde zararlilardan
bitkileri korumak i¢in diatomlu toprak kullanilmistir[19].
O zamandan beri c¢esitli minerallerin zirai alanda
zararlilar1 kontrol etmek i¢in kullanimi (Avrupa’da
1699’da arsenik ve arsenik tuzlar1 karinca yemlerine
katilmistir) artmaya baglamistir[20].

M.S 1. Yiizyilda ise toz haline getirilmis kireg tasi
(kalsiyum karbonat) bocek zararlilarini uzaklastirmak igin
tahil alanlarinda kullanilmistir. Hidrate kire¢ ve siilfiir
karisimi; ilk donem tarimmsal {iretim sistemlerinin en sik
kullanilan insektisit ve fungusitlerinden biri olmugtur{21].
Cesitli tarla ve bahge bitkilerini bbécek zararindan
korumak i¢in tek baglarma veya kombinasyonlar1 halinde
kullanilmiglardir. Ayrica; kimyasal olarak reaktif hidrate
kirec ve siilfiir, baglar ve agaglar1 hastalik ve bdcek
zararindan korumak i¢in boyama veya yikama olarak
odun kiilii, keten tohumu yagi, sabun ve inek giibresi ile
uygulanmigtir. 1500’li yillarm sonundanl1800°’li yillara
kadar ev, tahil depolar1 ve bitkilerin bocek zararlilarina
karsi sonmiis kire¢ bireysel mineral uygulamalarinin
yerini alarak ve popiiler hale gelmis ve agaglarda bir
fumigant olarak kullanilmistir. Bdylece; daha eski
zamanlarda kolayca hazirlandig: i¢in, bocek ve hastalik
kontrolii i¢in ana malzemeler olarak kire¢-siilfiir, sonmiis
kire¢ ve silfir kullanilmistir [Ca(OH)2] ve yanmis kireg
[CaO] kullanilmigtir.  Silfiir-kire¢  kombinasyonu 18.
Yiizyilin sonlarinda ise bireysel mineral uygulamalarinin
yerini alarak ve popiiler hale gelmis ve agaglarda bir
fumigant olarak kullanilmistir. Boylece; daha eski
zamanlarda kolayca hazirlandig1 igin, bocek ve hastalik
kontrolii i¢in ana malzemeler olarak kire¢-siilfiir, sonmiis
kireg ve siilfiir kullanilmigtir[12]. 1920°1i yillarda ise sivi
ilaglama ile kiyaslandiginda toz uygulamalarm kullanimi
is ekonomisi, iyi bir bitki Ortiisii, tozlama islemlerinin
kolayligt ve hizt agisindan bocek kontroliinde sivi
ilaglamalara tercih edilmistir[22,23]. Bocek Oldiirme
amach kullanilan tozlara artan ilgi ile kendi kendini
temizleyen kimyasal olarak aktif sodyum florid ve boraks
partikiilleri ~ Onerilmistir(yutulan  tozlar o6lime yol
agmaktadir)[24,25]. 1930’larda; kendi kendini temizleme
islemi sirasinda yutuldugunda bdceklere karsi toksik etki
gosteren bazi inert tozlar tespit edilmistir[26,27].

Insektisidal tozlar; ilk olarak 1940 yillarinda
boceklere karsi kullanilmistir. DDT nin en iyi tastyicilari
olarak aliiminyum oksit(Al1203) veya silika oksit (SiO2)
gibi agindirici tozlarin bulundugunu bildirmislerdir[21].

Bocek kontroliinde inert tozlara olan ilginin artmasiyla,
1970’e kadar kullanilan fiime silikalar ve silika aerojeller
gibi sentetik bilesiklere karsi mineraller kullanilmaya
baglanmistir. 1970’ten sonra mineral parcaciklari iizerine
yapilan caligmalar, trips [28] ve afit vektorleri[29]
tarafindan yayilan bitki viral hastaliklarmi 6nlemek i¢in
beyaz-yikama ilaglamalari olarak minerallerin kullanimi
ve mikrobiyal ajanlar[30,31] ya da sentetik pestisitler
[32,33] i¢in tasiyici olarak kullanilmistir[12].

Beyaz kaplamalar, bitki Ortiisiinii  ve bitkiyi
cevreleyen topragi kaplamak {izere tasarlanmustir. Ayrica,
yapigkanlik ve yayilim saglayan ajanlarin kaolin, bentonit
ve attapulgit gibi  Dbilesiklere  eklenmesi ile
olusmaktadirlar  [34,35,36]. Bu yaklasim basarili
goriilmiistiir fakat bahge bitkilerinin birkag viral hastaligin
yayilimina neden olan bazi vektorler olan afitleri itmekle
siirli olmustur. 1980°lerde kaolin bazli piiskiirtme malct
gelistirilmistir ve turunggillere karsi etkisi oldugu ispat
edilmistir[35]. Bocek kontrolii igin beyaz kaplamalar daha
da popilerlestirilmistir ve  ‘Surround’, ‘Cocoon’,
‘Parasol’, ‘Purshade’, ‘Screen’, ve ‘Eclipse’ gibi birkag
partikiil filmin gelismesine kadar pek ilgi gdrmemistir. Bu
da partikiil filmlerin tarimla ilgili faaliyetlerde
kullanimina yeni olanaklara yol agmistir[12].

3 Partikiil Filmlerinin Etki Sekilleri Ve Tarimda Kullanim
Olanaklari

3.1 Partikiil Filmlerin Uygulama Teknikleri Uygulama
Metodu, Orani ve Zamani

Filmin aktif maddelerine ve kaplanacak bitki yiizeyi
miktarma bagl olarak partikiil filmlerin uygulama orani
degismektedir. Surround WP igin; istenilen etkiyi elde
etmek icin ve piskiirtilecek Dbitkiye bagli olarak
genellikle ha basma 5 kg kullanilmas1 6nerilmektedir[16].
Yeterli piiskiirtme hacmi damla damla akip gitmemesi
icin ve 1yi kapsama alani elde etme agisindan
onemlidir[15,16]. lyi bir kaplama elde etmek icin iki veya
daha fazla uygulama her zaman gerekli olmaktadir. Armut
psillas1 gibi zararhlara karsi optimum performans eldesi
icin partikiil filmi yapraklarin her iki tarafina
uygulanmalidir. Meyve agaglarma uygulama, meyve,
kabuk ve yapragm her iki tarafin1 kaplayacak sekilde
yeterli hava tiirbiilans1 saglayan yiiksek basingli spreyler
ya da ince piiskiirtme basinglarinda yapilabilmektedir[12].

Uygulanmasinda dikkat edilecek ilk husus hava
sicakligidir. Pargacik  filmler; zararhh populasyonu
artmadan ve yiiksek sicakliklar olusmadan Once

International Journal of Innovative Engineering Applications 1, 2(2017), 18-26

19




B. Akgul' et al.

uygulanmalidir. Eger yogun yagmur veya yagis var ise
biiylimenin her asamasini kontrol etmek amaciyla iki
haftada bir tekrarlanmalidir.

Dogru uygulama zamami korumanin optimize
edilmesi agisindan Snemlidir. Optimum etkinlik icin bu
partikiil filmler koruyucu programda kullanilmali ve

bocekler goriilmeden bitki yiizeyinde kaplama alani
olusturulmalhdir [15,16].

Su bazli partikiil emiilsiyonlar1 i¢in ilk uygulama (&r.
Surround), bocek populasyonu goriilmeden baslamalidir.
Daha sonraki uygulamalar i¢in uygulama aralifi ve
zararhlarin tiiri g6z 6niine alimmalidir (Tablo 1)[12].

Tablo 1. Meyve ve Sebze Alanlarinda Partikiil Filmlerin Uygulama Miktari ve Siiresi[12]

Bitki Partikiil filmin uygulanma sikhgi

Hedef zararh

Elma, armut

Agac uygulamasi, 7-10 giin aralikli

Elma testereli aris1 (Hoplocampa testudinea),

armut psillasi, Aga¢ zararlilari

Cekirdekli meyveler 3-4 uygulama, 5-7 giin aralikli

Japon bocegi (Popillia japonica)

Etli ve zarl1 kabuksuz meyve | 2-3 ilaglama, 7-14 giin aralikli

Bogiirtlen-kurtguk, psilla, ¢ekirge

Cigeklenmeden once 2 kez ilaglama, 5-7 giin aralikli

ve ¢iceklenmeden sonra 2 kez ilaglama 7-14 giin

Trips, yaprak bitleri, psillidler

Turunggil aralikli
Uziim 1-3 uygulama, 7-14 giin aralikli Trips, yaprak bitleri
Ceviz 2 kez ilaglama, 4-14 giin aralikl Yaprak bitleri

Bakla Sebzeleri 2 kez ilaglama, 7-14 giin aralikli

Yaprak bocekleri (Chrysomelidae), ¢ekirge,

Yumru kokli sebzeler 2 kez ilaglama, 7-14 giin aralikl

Yaprak biti

Meyve, sebze 2 kez ilaglama, 7-14 giin aralikli Bocekler, gekirge, trips
Soganl1 Sebzeler 2 kez ilaglama, 5-7 giin aralikli Trips

Yaprakli Sebzeler 2 kez ilaglama, 3-5 giin aralikli Cekirge

Kuskonmaz 2 kez ilaglama, 7-10 giin aralikli Cekirge

3.2 Bocek Zararllarina Karsi Etki Mekanizmasi ve Kullanim
Olanaklari

Pargacik  filmleri meyve  bitkileri {izerinde
kullanildiginda, filmlerle kaplanan bitki dokularmi
zararlhilara karsi gorsel ve dokunsal olarak acik sekilde
degistirmektedir[16]. Dolayisiyla, partikiil filmlerin ilk
etki mekanizmalarindan biri, bitkileri diigmanlara karst
farkedilemez kilan ‘“konak kamuflaji” olarak gorev
yapmasidir. Kamuflaj ile bitki yapraklarmin mikro
habitatinda zararli populasyonu azalmakta ve yumurtlama
sayilar1 diismektedir. Partikiil filmler; ayni zamanda
yumurta birakma, beslenmeyi azaltma, bitki yiizeyine
tutunmay1 engelleme, bitki dokularinda hareketlerini
kisitlama, davranig degisikligi, felce yol agma ve oliime
neden olma gibi repellent etkisi ile bocek zararlilarmi
azaltmaktadirlar[37,38].

ETKI MEKANIZMASI |

Zararh veya hastalik

irisi

Sekil 2. Kaolinin Hastalik ve Zararhlar Uzerine Etkisi[39]

Organik tarimda kullanilan farkli zararli ydnetim
stratejileri arasinda, biyolojik ve mineral kokenli

maddelerin zararli kontroliinde kullanilmasi, koruyucu
onlemlerin bagarisiz oldugu durumlarda zararhlarin
bollugunu dogrudan azaltma avantajina sahiptir[40].
Kaolin bazli formulasyonlar, farkli bitki sistemlerinde
cesitli eklem bacakli zararhilarmin etkili bir sekilde
kontrol edilmesini saglar ve boylelikle basta organik tarim
olmak iizere zararli yOnetiminde de yaygm olarak
kullanilmaktadir. Yagis oranlarmi daha az oldugu ve
yikanma riskinin daha diisiik oldugu yerlerde, 6zellikle
kuru bolgelerde organik tarimda kullanilan diger bocek
oldiiriicii maddelerden daha etkilidir[41,42,43].

Parcacik film teknolojisi ilk kullanildigi donemlerde
ilk sentetik insektisitlerin gelisimine benzer etki
gosterebilen genis tabanli bocek kontrol sistemini temsil
ettigi bilinmektedir ayn1 zamanda g¢evre ve gida zinciri
karakteristikleri iizerine olumsuz etki gdstermemistir. Bu
teknoloji, elma, armut, tiziim, bogirtlen, domates, seftali
ve nektarin igeren genis bir iiriin yelpazesinde kullanilan
organofosfat ve karbamatli insektisitlerinin bazilarmnin
yerine kullanilmasinda gilivenli bir etkinlik sagladig:
goriilmiistiir[41,44]. Diisiik toksisite ve gilivenli taginma
ozelliklerinden dolayr iiretilmesinden hemen sonra bu
malzeme ¢ok sayida {iiretici tarafindan kullanildigindan
ABD Cevre Koruma Ajansi (EPA) tarafindan izlemeye
alindig1 bilinmektedir. Formulasyonlar sadece gida ve ilag
yonetiminin giivenli olarak tanimlanan listesinde mevcut
olan bilesikleri igermektedir[12].

Kaolin film teknolojisi nispeten yeni olmasina
ragmen bazi bahge bitkilerinde bdcek zararlisi hasarmi
azaltmak igin umut verici bir se¢enek sunmaktadir. Bu
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teknolojide bocek zararlisina karsi koruyucu bir bariyer
gorevi yapan ve bitkiyi kaplayacak bir film olusturan,
asindirict olmayan, kimyasal olarak inert olan alumina
silikat mineral partikiilleri, bitkilere piiskiirtme iglemi ile
uygulanmaktadir[37].Kaolin filmlerin kullanimi, bir¢cok
meyve ve sebzeyi istilaya ugratan psillalar, yaprak biti,
Elma igkurdu, Akdeniz meyve sinegi, Armut psillasi ve
diger bir¢ok zararli gibi bdcek zararlismin genis bir

kismina karsi etkili olmaktadir (Tablo 2). Partikiil film
teknolojisi ayn1 zamanda dogal kaynakli bir pestisit
ozelligi tagimasi[45], adsorpsiyon 6zelliginin olmasi[46]
gibi  avantajlarindan  dolay1  organik  tarimda
kullanilmasma izin verilmektedir ve zeytin sinegi
Bactrocera oleae zararmi kontrol etmek i¢in organik
zeytin yetistiriciliginde kullanilmaktadir[12].

Tablo 2. Partikiil Filmlerin Farkli Meyve ve Sebzelerde Bulunan Bocek Zararlilari Uzerine Etkisi[12]

Mahsul Kiiltiir Hedef bocek-zararh Uygulanan partikiil film Etki sekli Yorum
Bitkisi
Elma Smoothee Aphis spiraecola, M96-018 toz Mortaliteye etkisi Elma kabugu {izerine konmalari
Tetranychus utricae, azalmugtir.
Empoasca fabae
Golden Elma kurdu Surround ® Konak bitkiyi farkedilemez Kurtguk istilasinin neden oldugu
Delicious (Rhagoletis pomonella) hale getirme zararda azalma gozlemlenmistir.
Delicious Egri seritli Kaolin+sentetik insektisitler | Kaolinin tek bagina herhangi Kaolin partikiilleri, azinofosmetil
yaprakbiiken bir etkisi yoktur. ve indoksakarb'in toksikligini
(Choristoneura arttirmigtir
rosaceana)
Armut Bartlett Armut psillast M96-018 toz Repellent ve yumurtmalay: Giines 15181n1n yansimastyla 1s1
(Cacopsylla pyricola) azaltic1 etkisi stresinin azalmasi.
Abbe Fetel Armut psillasi Surround ® WP. Mineral Konak bitki olarak kabul Uygulanmis bitkiler lizerinde ne
(Cacopsylla pyri) oil edilmeme ve yaprak yiizeyine | yumurta ne de nimfler
tutunmasini engelleme gozlemlenmenmistir.
Koshia Armut psillasi Surround® (Kaolin) Nimf yogunlugunu etkin bir Uygulanmis bitkilerde mevye
(Cacopsylla pyri) Envidor® (Spirodiklofen sekilde bastirmustir. yiikiinde artig gozlemlenmistir.
Akarisit) Vitazyme® (Org.
Biyolojik uyaricr)
Messenger® (Harpin
proteini)
Limon Limoneira Trips (Scirtothrips M96-015 + MeOH Meyve ve renk istilasinda Trips kontroli ve artan meyve
8A Lisbon citri) azalma buyikligi
- Genis burunlu bitler Kaolin partikiilleri (Kil Beslenmesinde caydiricilik, Yaprak yiizeyine yumurtalarin
(Diaprepes minerali ) yumurtlamada azaltic: etki yapismasini 6nlemistir.
abbreviates)
Turunggil Makrofill Trunggil Kok kurdu Surround® WP Beslenmesinde caydiricilik, Partikiil film kullanilan
(Diaprepes yumurtlamada azaltic: etki, konsantrasyonlarla orantil1 olarak
abbreviatus) azaltilmig dogurganlik yumurtlamayi azaltmistir ve
beslenmede caydiricilik etkisi.
Tath Midsweet Turuncgil kék kurdu Surround® WP Yumurtlamada azalticr etki, Tedavi edilen agaglar tizerindeki
portakal (Diaprepes yumurta kitlelerinin sayisini
abbreviates) azaltmigtir ancak larva
populasyonunun kontrol
grubundan daha fazla oldugu
gozlemlenmistir.
Mandarin Satsuma Akdeniz meyve sinegi Surround ® WP Repellent etkisi Uygulanan meyveler tizerine
(Ceratitis capitata) konmalari ve delmeleri
azalmustir.
Nektarin Flamekist Akdeniz meyve sinegi Surround ® WP (6%) Kamuflaj ve repellent etkisi Kaolin partikiil film uygulamas1
(Ceratitis capitata) ile kontrol grubuna gére hemen
hemen daha lekesiz meyveler
elde edilmistir.
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Tablo 2.(devam) Partikiil Filmlerin Farkli Meyve ve Sebzelerde Bulunan Bocek Zararlilar1 Uzerine Etkisi[12]

Mahsul Kiiltiir Hedef bocek-zararh Uygulanan partikiil film Etki sekli Yorum
Bitkisi
Fairline ve Akdeniz meyve sinegi Surround ® WP Repellent etkisi Uygulanan meyveler iizerine
Veniis (Ceratitis capitata) konmalar1 ve delmeleri
azalmustir.
Ceviz Curtis Siyah ceviz afidi Surround + M03 Kisitlt hareketlilik Ergin dliimlerinde artis ve nimf
agaci (Melanocallis sayisinda azalma
caryaefoliae) g6zlemlenmistir.
Seftali 'Fairtime' Akdeniz meyve sinegi Surround ® WP Repellent etkisi Uygulanan meyveler tizerine
ve 'Regina (Ceratitis capitata) konmalar1 ve delmeleri
di Londa' azalmugtir.
Tath Royal Bati kirazt meyve Surround (95% kaolin) Yumurtlama ve konmalarda Uygulanan meyveler lizerine
Kiraz Anne, Bing, sinegi Cocoon (100% hidroz azalma konmalari ve delmeleri
Black kaolin), Eclipse azalmisgtir.
Republican, (N75% ),kirectas1
Red Sweet Purshade (62.5% kiregtagi)
Zeytin Ziety, Djlt Meyve sinegi M-99-099 Populasyonda baskilanma, Popiilasyon bastirildi ve
(Bactrocera oleae) istilada azalma mevsimlik bocek kontrolii
saglanmustir.
Carolea Zeytin meyve sinegi Surround WP Istilada azalma Beslenme ve algilama kalitesini
(Bactrocera oleae) etkilemeksizin istila diizeylerinde
belirgin azalma
Trabzon Triumph Akdeniz meyve sinegi Surround ®WP (6%) Kamuflaj ve repellent etkisi Kaolin partikiil film uygulamasi
hurmasi (Ceratitis capitata) ile kontrol grubuna gére hemen
hemen daha lekesiz meyveler
elde edilmistir.
Uziim Flame Shooter (Homalodisca Surround WP Kamuflaj ve repellent etkisi Yetiskinlerin sayisinda ve
Seedless coagulate) yumurtlamalarinda azalma .
Chardonnay | GWSS-Glassy Winged Pierce hastaligina neden olan X.
Thompson Sharp fastidiosa'nin kontrollii taginimu.
Seedless
Domates | HLY 19 hp Farkli Emici Bocekler Surround WP Repellent etkisi Bocek hasarinda % 79 azalma
(yiiksek
pigmentli)
Lahana Fiesta Polifag afit (Myzus F-01-KV-6 Genel etkisi Hayatta kalma, tireme biiytime
persicae) hizi tizerinde anlaml bir etki
goriilmemistir.
Kavun ImPac Giimiis kanath beyaz Surround® WP Repellent etkisi Yumurta ve ergin sayisint 6nemli
sinek (Bemisia Giines sprey yagi (Mineral olgiide azaltmigtir.
argentifolii) yag)
3.3 Partikil Film Uygulamalarinin Bitki Hastaliklarini zamanda mantar sporlarinin yaprak yiizeyine yapigmasini

Kontrolde Kullanimi

Birgok fungal ve bakteriyel bitki patojeni, gelisimleri
icin yaprak yiizeyi ile direkt temas etmeyi spor veya
conidia ¢imlenmesi igin su ile sivi bir film olusturmay1
gerektirmektedir. Parcacik filmleri; yaprak ylizeyine su
ve sporlarin direkt temasini1 6nleyerek yapragi kaplar ve
boylece enfeksiyonu baskilar. Bu tiir filmler ayni

onleyerek enfeksiyon ve lezyon (doku bozuklugu)
gelisim sansmi azaltmaktadir[47]. Ornegin aliiminyum,
silika ve titanyum dioksitten olusan bir kombinasyon,
elmadaki yara kabugu olusumunu[48] ve iiziimlerdeki
kiilleme ve yumusamayi[49] kontrol etmede etKkilidir.
Etki mekanizmasi asagidaki sekilde olmaktadir.

I. Hif (uzun, dallanma gosteren ipliksi bir mantar yapisi)
uizerine direkt etki,
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I1.Bitki yiizeyinin taninmasina miidahale etme,
II1.Bitkinin fizyolojik savunmalarin1 uyarma.

3.4 Partikiil Film Uygulamalarinin  Bitkilerde Giines
Yanmalarini Kargi Kullanim Olanaklari

Meyvelerdeki giines hasari, yiiksek sicaklik ve giines
radyasyonuyla olugsmaktadir. Pargacik filmleri meyvelere
uygulandiginda, meyve yiizeyi iizerinde yeterli kalinti
birakmaktadirlar. Bu kalinti meyve sicakligini ve
dolayisiyla gilines hasarini azaltmaktadir[15,16]. Ayrica
uygulama yapilan bitkilerin yiizeyinde suyun tutunmasini
da azaltarak hastalik yapmak i¢in suya ihtiya¢ duyan
bircok fungal ve bakteriyel patojenin gelismesinin
engellendigi tespit edilmistir[50]. Kaolin uygulamalari
sonucu stomalar kapanmamaktadir.

Sekil 3. Termal Kamerayla Cekilmis Is1 Degisikligi. a) Kaolin
uygulanan ve uygulanmayan meyve. b) Kaolin uygulanan meyve yiizey
sicaklign 28.2 °C, kaolin uygulanmayan meyve yiizey sicaklig1 48.2 °C
[39].

3.5 Partikiil Film Uygulamalarinin Donma Zararina Karsl
Etkinligi

Partikiil filmlerin meyve bitkilerini don hasarindan
korudugu tespit edilmistir. Bitki ylizeyi iizerinde
uygulanan parcacik filmleri, suyu bitki ylizeyinden
ayran fiziksel bir bariyer gorevi gormektedir. Hidrofobik
filmlerin (M96-018), ¢iy veya donu fiziksel olarak bitki
yiizeyinden ayirarak dondurma hasarmi Onleyebilecegi
tespit edilmistir[51]. Hidrofobik partikiil filmlerin don
hasar1 ve buz g¢ekirdegi hasarini Onlemesi iizerindeki
benzer etkisi tim  domates  bitkilerinde de
saptanmustir[52,53].

3.6 Meyve Rengine Etkisi

Meyve rengi; kalite algisindaki énemli etmenlerden
biridir[54]. Partikiil film teknolojisi infrared ve UV
191811 azaltmanm yani sira fotosentetik olarak aktif
radyasyonun yeniden dagilimini saglayarak elmadaki
renk gelisimine yardimer olmaktadir. Renklenmedeki bu
gelisme; yapraklar iizerinde birikmis olan partikiil
filmlerden yansima ile golgelik kisimlardaki 151k
sacilmasinin  artmasi ile sonuglanmaktadir. Elma
tizerindeki kirmizilik (antosiyaninler); Surround WP
uygulamalar1 ile zaman zamanda azalmistir[55,56].
Surround WP ile artan yansima 6zelligi, muhtemelen
renk gelisiminden sorumlu olan foto koruyucu bilesikleri
azalmistir[39,57].  Kaolin  uygulamalar1  domates
meyvelerinin  trans-likopen igerigini ortalama %14
oraninda arttirirken, gozlenen diger nitel parametreler
iizerinde bir etkisi olmamistir[58]. Siyah c¢ati altinda

kaolin bazli yansiticilarin kullanilmasiyla iyi renkli I.
simif elma meyve oranint arttirmigtir[59].

3.7 Partikil Film Uygulamalarinin Faydali Béceklere
Etkileri

Zararliy1 kontrol etme yontemlerine alternatif olan
partikiill film wuygulamasi, aynt zamanda biyolojik
kontrole miidahale edilmemesi gereken yontemler ile
birlikte kullanilmaktadir. Bu anlamda; kaolin tedavili
bitkiler tizerindeki faydali bdcek ve/veya
eklembacaklilarin yoklugu ya da varligina bagl olarak,
arazi  caligmalarinda  kaolinin  etkileri  {izerine
caligilmaktadir[43,60,61,62]. Bugiine kadar, yararl
boceklere karsi kaolin filmlerinin neden oldugu zararli
etkilerin tam olarak bilinmemesi ve predatorlerler ile
ilgili de davranmigsal 6zelliklerin ne boyutta oldugu ile
ilgili bilinen bilgiler oldukg¢a azdir[12].

Partikiil filmlerin yararl bocekler tizerindeki etkileri
iizerine yapilan arastirmalarda, gelin boceklerinin kaolin
partikiil filmleri ile muamele edilmis bitki yiizeyleri
iizerindeki yaprak bitlerine karsi iyi bir performans
gosterdigini ortaya koymaktadir[12].

Parazitleme deki bazi azalmalarin, av sayisinin az
olmast nedeniyle oldugu ortaya konulmustur. Ayrica
partikiil filmlerin ¢i¢ek tozlarina uygulanmadig: siirece
bal arilarma ve diger polinatorlere (tozlayicilart) zararh
etkilerinin olmadig1 ortaya konulmustur. Benzer sekilde
kaolin uygulamalari, kirmizi kadife akar1 Allothrombium
fuliginosum (Hermann), 6rimcekler ve kulagakaganlar
(Forficula auricularia L.) gibi omurgasizlarin
predatorliik ozelliklerinde azalmalara yol
actig1[61,63,64] ve elma testere sinegi ve bazi yaprak
giivelerinin parazitlenme oranlarinda azalmalar[63,64]
olusturdugu bilinmektedir. Kaolin partikiil filmlerinin,
dogal diigmanlarin aktivitesinde bir azalmaya neden
olabildigi belirtilmektedir ancak onlarin konak¢rvav
tlirleri tizerindeki kaolin tedavilerinin negatif etkisi bir
dereceye  kadar telafi  edilebildigi  ortaya
konulmustur[63,64].

Zeytin bahgelerindeki Chrysopidler, zeytin giivesinin
(Prays oleae) en oOnemli predatorlerinden kabul
edilmektedir ve bu zararlnin eckonomik etkisinin
azaltilmasmda yardimer olmaktadir[6,66,67]. Ayni
zamanda, siyah kabuklu bitler ve zeytin psyllasi gibi
daha az bilinen zararli  bdcekler {iizerinden
beslenmektedirler[68].  Farkli  bitkilerde  yapilan
caligmalarda, kaolin etkisiile iligkili olarak polifag
predator topluluklarinda azalmis bir degisiklik ve bazen
de artislar tespit edilmistir[60,61,62,69]. Benzer sekilde;
Marko wve ark., (2010), hidrofobik partikiil film
uygulamalarinin, Hollanda’da elma bahgelerinde
bulunan oriimcek bollugunu muhafaza ettigini ve
boceklerin  goriilme sikliginda O6nemli derecede bir
azalma sagladigini bildirmislerdir[12].

4  Sonug ve Tartigma

Son yillarda yapilan bazi caligmalar
degerlendirilecek olursa; S.D’Aquino ve ark. (2011)
tarafindan yapilan calismada turunggil ve
zeytinsi(gekirdekli) meyvelerde hasat sonrasi gliriimeyi
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ve akdeniz meyve sinegi istilalarni kontrol etmede
sentetik insektisitlere karsi bir alternatif olarak kaolin
bazli partikiil film olan Surround WP’nin etkinligi
caligilmigtir. Turunggiller, seftali ve nektarinler tizerinde
yapilan laboratuvar ¢aligmalarinda kaolin uygulanan
meyvelere akdeniz meyve sineginin daha az yumurta
biraktigi belirlenmistir. Surround WP ile uygulanmis
turunggil ve ¢ekirdekli meyvelerin hasat sonrasinda diger
uygulamalara gore daha diisiik ¢ilirlime gosterdigi tespit
edilmistir. Armut meyvesinde kaolin partikiil fimlerinin
giines sicakligi ve hasar1 Tlizerindeki etkisi iizerine
yapilan caligmada kaolin filminin armutlardaki giines
yanigmimn azaltilmasinda, onlarm kalitesinin arttirilmasi
ve tim agacm yararlandig1 etkili bir tedavi olabilecegi
Ongoriilmiistiir[ 70].

Kirmizi renkli elma afidinin Dysaphis plantaginea
(Pass.) sonbahar formlar1 tizerinde etki seklini belirlemek
amactyla  2003’in  sonbaharinda agik alanlarda
uygulamalar yapilmistir. Alan kafeslerindeki denemeler
uygulama yapilmayan kontrol grubu ile
karsilastirildiginda kaolin uygulanmig dallar {izerinde
yaprak biti sayisinda azalmalar goriilmiis ve kaolin
uygulamalarinin yaprakbitlerini ekonomik esik degerinin
altinda azaltmadigir tespit edilmis fakat Dysaphis
plantaginea ‘nin sonbahar formlarmi kontrol etmede
olumlu sonuglar alimmistir. Bu g¢aligma sonunda bu
uygulamalar ile farkli iklimsel sartlarda daha etkili ve
daha kesin sonuglarin elde edilebilecegi
ongoriilmiistiir] 71]. Dogal diismanlara zarar veren ve
tiylii elma afidinin gelisimini destekleyen birgok elma
zararhismin kaolin partikiillerinin etkilerinin
belirlenmesine yonelik yapilan bir ¢aligmada; hidrofobik
kaolin partikiil filminin ¢esitli uygulamalari, bahar
bocegi (Anthonomus pomorum), kahverengi yaprak biti
(Phyllobius  oblongus), attelabit biti (Caenorhinus
pauxillus), yaprak zararhilar1 (Empoasca vitis ve Zygina
flammigera) ve yesil elma afidi kolonilerinin sayilarini
azaltt1g1 tespit edilmistir. Kaolin uygulamalari ile meyve
zararma neden oldugu Dbilinen kabuklu bitleri
(Quadraspidiotus astreaeformis), virgiil kabuklu bitleri
(Lepidosaphes ulmi), Tortricidler, elma testere sinegi
(Hoplocampa  testudinea) ve elma igkurdunun
populasyonlarmin azaltildig1 tespit edilmistir.
Kulagakacanin (Forficula auricularia) ve kivrik kanatl
afidinin (Dysaphis devecta) koloni sayilarinda etkisi
oldugu gorilmemistir. Kaolin uygulanmis bahgelerde;
kirmiz1 elma afidi Dysaphis plantaginea, yaprak galeri
giiveleri ~ (Phyllanorycter  blancardella,  Lyonetia
clerkella) ve agromyzid sineklerin populasyonlarinda
azalmalar  gorllmiistiir. Kaolin uygulamalar;, F.
auricularia gibi polifag predatorler, Heteroptera ve
Coleoptera takimma ait avci bireyler, oriimcekler ve
yaygin  bulunan siyah karincalar gibi polifag
predatdrlerin bollugunu azaltirken siddetli bir sekilde
tiiyli elma afitlerinin populasyonlarmi arttirmistir[60].

Sonug olarak Gerek IPM ve gerekse organik tarim
caligmalart i¢in kil minerallerinin gerek meyve
yetistiriciligi ~ ve  gerckse zararli  kontroliindeki
caligmalarin ¢ogaltilmast ve makro ve mikro fauna
tizerindeki  etkilerinin daha detayli incelenmesi
gerekmektedir.
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Alperen Turkay 1, Kadir Guler 2

Original scientific paper

Bu ¢aligmada, dort katli cergeve ve perde-gergeve tastyici sisteme sahip betonarme bir okul binasinin tasarimi, Deprem Bolgelerinde Yapilacak Binalar
Hakkinda Y6netmelik 2007 (DBYBHY 2007)’nin 2. ve 3. boliimlerine ve Tiirk Standard: 500 (TS 500)’e gore yapilmistir. Bu okul binas: tagiyict sisteminin
deprem performansi, tasarim (50 yilda agilma olasilig1 %10 olan deprem) ve siddetli (50 yilda asilma olasilig1 %2 olan deprem) deprem i¢in, artimsal esdeger
deprem yiikii yontemi (itme analizi) kullamlarak, DBYBHY 2007 nin 7. boliimiine gore ve 2007 yilinda yayinlanan Mevcut Binalarin Sismik Iyilestirilmesi
(ASCE 41-06) standardina gore degerlendirilmistir. ASCE 41-06 ve DBYBHY 2007’ye gore deprem performansinin belirlenmesi igin SAP2000 yapisal
analiz ve RESPONSE2000 kesit analizi programlart kullanilarak sayisal ¢oziimlemeler yapilmistir. Sayisal sonuglar ve yapilan degerlendirmeler tablo ve
sekillerde verilmis ve konu tartisilmistir. Sonuglarin birbirleriyle uyusumlu oldugu belirlenmistir.

Anahtar Kelimeler: Statik Itme Analizi; Yap: tasarumi; Yapilarin Deprem Performanst.

1 Girig

Son zamanlarda diinya genelinde meydana gelen
yikic1 depremler, depreme dayanikli yapi tasarimmni ve
mevcut yapilarin deprem performansi degerlendirmesini
her gecen giin daha da 6nemli hale getirmistir. Tasarim ve
degerlendirme  yontemlerinde  son  zamanlardaki
geligsmelere bagli olarak kuvvete dayali tasarimin yani sira
performansa dayali tasarim da on plana ¢ikmaktadir.
Performansa dayali tasarim ve  degerlendirme
kavramimdan genel olarak, olusma olasiliklar1 belirli
deprem etkileri altinda, yapinin siineklik kapasitesinin,
yapinin kullanim amaci ve tasarim omrii gibi faktorler
dikkate almarak belirlenen bir performans talebine gore
tasarlanmast ve degerlendirilmesi anlasilmaktadir.
Performansa dayali tasarim ve degerlendirme ilk olarak,
Amerika Birlesik Devletleri’'nde, 1996 yilinda c¢ikan
Betonarme Binalarin Sismik Degerlendirilmesi ve
Giiglendirilmesi (ATC 40) [1] ve 2000 yilinda yayinlanan
Binalarm Sismik lyilestirilmesi icin Onstandart ve
Aciklamalar (FEMA 356) [2] gibi standartlarda genis bir
sekilde yer almistir. Tirkiye’de ise 2007 yilinda
yaymlanan Deprem Bolgelerinde Yapilacak Binalar
Hakkinda Yonetmelik 2007 (DBYBHY 2007) [3] ile
yonetmeligimizde mevcut binalarin degerlendirilmesine
yer verilmistir.

Mevcut deprem yonetmeliklerinde, yapilarin tasarimi
ve degerlendirilmesinde, dogrusal ve dogrusal olmayan
hesap yontemleri kullanilmaktadir. Dogrusal hesap
yontemlerinde kuvvete dayali bir tasarim yaklagimi soz
konusudur. Bu tasarim yaklasimlarinda davranig
spektrumundan elde edilen deprem yiikleri, siineklik
diizeyine gore deprem yiikli azaltma katsayisi ile
azaltildiktan sonra dogrusal elastik davranis esasina gore
analiz edilir. Analiz sonucu elde edilen kesit tesirlerine
gore kesitlerin dayanim yeterliligi irdelenir. Kuvvet esasl
olarak, tasarimmn yam1 swa sismik  performans
degerlendirilmesi de yapilabilmektedir. Bu yodntem,
azaltilmamis deprem etkisinde yapimin tastyici sistem
elemanlarinda olusan etkilerin, elemanlarm kapasitelerine
oraninin  smir degerlerle karsilastirilmas:  seklinde
olmaktadir. Bir deprem etkisi altinda yap1 davranigmnin
dogrusal elastik olmasi, sistemde higbir hasarin meydana
gelmemesi anlamma gelmektedir ki, ¢ok siddetli

depremler altindaki deprem yiikleri hesaba katildiginda,
elastik deprem yiikleri ¢ok biiyiik olacagindan ekonomik
bir  tasarim  yapmak  mimkiin  olmamaktadir.
Yonetmeliklerde lineer elastik hesap sonucu elde edilen
degerlerin deprem yiikii azaltma katsayis1 kullanilarak
ideallestirilmesinin nedeni de, yukarida belirtilen siddetli
depremlerde kullanicilarin can giivenligini saglamak
kayd1 ile bina tastyict sisteminde belirli bir diizeydeki
hasara bilerek izin verilmesidir. Diger bir deyisle, bina,
tastyict sisteminin bazi elemanlarmin dogrusal olmayan
davranis gostermesine, dolayisiyla siinek davranisa, izin
verecek sekilde tasarlanir. Dogrusal elastik olmayan
hesap yontemlerinde ise sekil degistirmeye (performansa)
dayali bir tasarim ve degerlendirme s6z konusudur. Bu
yontemde temel amag, dayanima goére tasarimin aksine,
oncelikle tastyici sistemin dayanim kapasitesinin dogrusal
olmayan analiz ile elde edilmesi daha sonra siineklik
isteminin elde edilmesidir. Sekil degistirmeye gore
tasarim veya degerlendirmede siineklik isteminin hesapla
elde edilebilmesi, yap1 tagiyici sistem elemanlarinda goz
Oniine aliman deprem etkisi altinda meydana gelecek hasar
dagilimmin  ve  biiylkliginiin  sayisal  olarak
belirlenebilmesini miimkiin kilmaktadir. Dogrusal elastik
olmayan  analizler  sonucunda tastyici  sistem
elemanlarinda meydana gelen birim sekil degistirmeler
veya plastik donmeler hesaplanarak, yonetmeliklerde
verilen smir degerlerle karsilastirilarak  yapinin
performansi hakkinda bilgi edinilir [4-8].

Bu ¢alismada, dort katli betonarme bir okul binasimin
tasartm1 DBYBHY 2007 ve Tiirk Standardi 500 (TS
500)’e [9] gore yapilmis, daha sonra binanmn deprem
performanst DBYBHY 2007°de yer alan artimsal esdeger
deprem yiikii yontemi kullanilarak degerlendirilmistir.
Binanin performans degerlendirilmesi hem tasarim
depremine gore, hem de siddetli depreme gore yapilmistir.
Ayrica, performans degerlendirilmesi, Mevcut Binalarin
Sismik Tyilestirilmesi (ASCE 41-06) [10] standartina gore
de yapilmustir. Her iki standart kullanilarak elde edilen
sonuglar tablo ve sekillerde verilmis, konu tartigilmastur.
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2  Okul Binasinin Tasarimi

Betonarme okul binasmin tasarimi DBYBHY
2007°nin 2. ve 3. Bolimlerine ve TS 500°e¢ gore
yapilmistir. Yiiklemeler Tiirk Standardi 498 (TS 498)’e
[11] gore dikkate alinmis ve kat hizalarinda rijit diyafram
kabulii yapilmistir. Binanin deprem hesabinda esdeger
deprem yiikii ve mod birlestirme yontemi kullanilmistir.
Tastyict sistem, siineklik diizeyi yiiksek gergeve ve perde-
gergeve olarak tasarlanmistir. Kolonlar ve perdelerin
zemine ankastre bagli oldugu kabul edilmistir. Binanin 3
boyutlu son eleman modeli SAP2000 [12] programi
kullanilarak  olusturulmustur. Binanin  karakteristik
ozellikleri asagida verilmistir.

Kat adedi / yiiksekligi: 4 / 3.4 m

Hareketli yiik katilim orant: 0.6

Etkin yer ivmesi katsayisi: Ag = 0.4

Yerel Zemin Smifi: Z2 (TA=0.15s Tg=0.405)
Beton/Donati: C25 (fu = 25 MPa) / S420 (fyx = 420 Mpa)
Bina 6nem katsayisi: I = 1.4

Déseme kalinhigr: 0.15 m

Bina boyutlari: 30 m (X dog.) / 15 m (Y dog.)

Binanmn 3 boyutlu modeli Sekil 1, tasiyici sistem
elemanlariin kesit ve donat1 6zellikleri ile binanin tipik
kat plan1 Sekil 2-6 ile verilmistir (Donati gaplar1 ve kesit
boyutlar1 mm, tipik kat plam1 cm cinsinden ifade
edilmistir.).

Sekil 1. Okul Tasiyict Sisteminin Ug Boyutlu Sonlu Eleman Modeli
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Sekil 4. Perdelerin Kritik Perde Yiiksekligi Boyunca Kesit ve Donati
Ogzellikleri
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Sekil 2. Kirislere Ait Kesit ve Donat1 Ozellikleri
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Sekil 5. Perdelerin Kritik Perde Yiiksekligi Disindaki Kesit ve Donati
Ozellikleri
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Sekil 6. Tipik Kat Plan1

3 Okul Binasinin Deprem Performansi

Gilinlimiizde yapilarin performans
degerlendirilmesinde kullanilan lineer olmayan yontemler
itme analizi yontemi ve zaman tanim alaninda hesap
yontemidir. ~ Yapilan  ¢alismada  itme  analizi
yontemlerinden biri olan artimsal esdeger deprem yiikii
yontemi kullanilmistir. Bu yontemde, goz Oniine alinan
deprem dogrultusundaki hakim mod o6zellikleri dikkate
almarak esdeger deprem yiikii dagilimi hesaplanir ve
yiikler kat kiitle merkezlerinden artimsal olarak yap1 hedef
tepe yer degistirmesine ulagincaya kadar etki ettirilir.
Baska bir deyigle, bina, diisey yiikler ve adim adim
arttirtlan yatay yiikler etkisi altinda, hesaplanan hedef tepe
yer degistirmesine ulasincaya kadar itilir. SAP2000
programi yardimi ile yapilan itme analizi sonucunda taban
kesme kuvveti — tepe yer degistirmesi egrisi (itme egrisi)
elde edilir. Daha sonra yapilan koordinat doniisiimii ile
modal ivme — modal yer degistirme egrisi (kapasite
diyagrami) elde edilir ve bu egri yardimiyla hedef yer
degistirme istemi hesaplanir. Yapilan analizler sonucunda
tastyici sistem elemanlarinda elde edilen plastik donmeler
veya birim sekil degistirmeler yonetmeliklerdeki sinir
degerlerle karsilagtirilarak elemanlarin hasar seviyeleri
tespit edilir. Tasiyic1 sistem elemanlarmm hasar
seviyelerine bagli olarak binanin performans seviyesine
karar verilir [13-18]. Analizler sonrasinda yapilan kesit
analizi ve moment egrilik davranigina iligkin ¢6ziimlerde
RESPONSE2000 programi kullanilmstir [19].

3.1 Deprem Performansinin DBYBHY 2007’ye Gére
Degerlendiriimesi

311 Artimsal itme Analizinin Uygulanabilirlik
Sartlarinin Incelenmesi

Artimsal itme analizinin uygulanabilmesi icin
DBYBHY 2007°de bahsedilen ii¢ 6n kosul asagida

incelenmis, binaya yontemin uygulanmasinda herhangi
bir sakinca olmadig: tespit edilmistir.

- Binakat sayisi=4 <8
- Birinci hakim modun kiitle katilim orani:
X dogrultusunda = 0.73779 > 0.70
Y dogrultusunda = 0.73683 > 0.70
- Bina burulma diizensizligi katsayilar1 1.4’den
kiigtiktiir.
3.1.2  Binanin Modellenmesi ve Analizi
Binanm {i¢ boyutlu sonlu eleman modeli SAP2000
programinda olusturularak, itme analizi
gerceklestirilmigstir. Tagtyici sistem elemanlar1 programa
cubuk eleman olarak atanmustir. Perdeler programa gubuk
eleman olarak atanmis olup, kesisen kiris ve dosemelerin
uygun baglantilarma izin vermek i¢in rijit kirisler
kullanilmistir (Sekil 7). Perdeye baglanan diger yapisal
elemanlarda gergekei olmayan kesit tesirleri olugsmamasi
icin, rijit kirislerin rijitlik &zelliklerinin ¢ok iyi
belirlenmesi gerekir [20].

“Rajit” Kiris

Orta-Dikme
Elemam

Sekil 7. Perde Modellenmesi

Model olusturulurken bilgi diizeyi kapsamli olarak
diistiniilmiis, bilgi diizeyi katsayis1 1.0 olarak alinmistir.
Kesit 6zellikleri, malzeme dayanimlari, yiikler, catlamig
kesit ozellikleri, tastyict sistem elemanlarinin donatilar1
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modele girilmistir. Malzeme dayanimlar1 olarak tasarim
esnasinda kullanilan dayanimlar mevcut beton dayanimi
ve mevcut ¢elik dayanimi olarak kullanilmistir.

SAP2000 ve RESPONSE2000 programlarina,
malzeme modeli olarak Mander beton modeli [21] ve
peklesmeli elastoplastik ¢elik modeli tanimlanmustir.

fe

fou
e

Jeo

Sekil 8. Malzeme Modelleri

3.1.3  Plastik Mafsallarin Sisteme Atanmasi

Betonarme tasiyict sistem elemanlarinda egilme
momenti, elemanlarin  ekseni  boyunca  degisir.
Elemanlarin davraniglari, kiigiik moment degerlerinde
dogrusal elastik olurken, Ozellikle mesnede yakin
bolgelerde biiyliik egilme momentlerinin de etkisiyle
davranis dogrusal elastik olmaz ve plastik donmeler
meydana gelir. Iste bu dogrusal elastik olmayan sekil
degistirmelerin kiiglik bir bdlgeye yayildigi, bunun
disindaki bolgelerde ise sistemin dogrusal elastik olarak
davrandiginin kabul edildigi hipoteze plastik mafsal
hipotezi denir. Bu dogrusal elastik olmayan sekil
degistirmelerin olustugu kesitlere ise plastik mafsal denir.
Olusacak olan plastik mafsallar genellikle tasiyici
elemanlarm ug kisimlarinda ve orta noktalarinda olusur.
Fakat sistemin stabilitesini etkileyen mafsallar ug
noktalardaki mafsallardir. Eleman u¢ noktalar1 arasinda
kalan sistem ise dogrusal elastik davranir [22,23].

Bagka bir deyisle; deprem etkisi ve diisey yiikler
altindaki bir kesitte, olusan kiiciik moment degerleri i¢in
kesitin lineer elastik davranacagi, egilme momentinin
biiyiikk oldugu mesnede yakin bolgelerde meydana gelen
catlaklar ile kesitin egilme rijitliginin azalacagir ve
egriligin bu catlak kesitlerinde biiyiik olacag1 soylenebilir.
Egriligin biiyiik olacagi bu bolgelerde plastik donmeler
daha etkili olur. Bu plastik donmelerin, plastik mafsal
boyu L, olan bir bélgede yogunlastiriimasi plastik mafsal
kabulii olarak adlandirilir. DBYBHY 2007°de plastik
mafsal boyu olarak adlandirilan plastik sekil degistirme
bolgesinin  uzunlugu, c¢alisan  dogrultudaki  Kesit
boyutunun yarisi olarak alinmasi gerektigi belirtilmistir
[24].

Yukaridaki agiklamalar dikkate alinarak SAP2000
programmda  plastik  mafsallar  tasiyic1  sistem
elemanlarmin deprem sirasinda en ¢ok zorlanan ug
bolgelerinde tanimlanmgtir. Plastik mafsallar
tanimlanirken hem egilme momenti hem de normal
kuvvete maruz kalan diisey tasiyict elemanlarda P-M-M
mafsallari, eksenel kuvvet diizeyi olduk¢a diisiik olan
kirislerde ise M3 mafsallar1 atanmustir.

314  Catlamig Kesit Egilme Rijitliklerinin Hesabi

Catlamamis kesitlere ait (EI)o egilme rijitliklerinin
kullanildig: bir 6n diisey yiik hesab1 (G+nQ) ile kolon ve
perdeler i¢in Np eksenel basing kuvvetleri hesaplanmustir.
Bu eksenel kuvvetler ile DBYBHY 2007°de asagidaki

gibi verilen formiiller yardimiyla (El)e etkin egilme
rijitlikleri hesaplanmistir.
Catlamus kesite ait etkin egilme rijitlikleri (DBYBHY
2007):
- Kirislerde (EI)e = 0.40 (El)o
- Kaolon ve perdelerde:
(@] ND/(AC fcm)f 010 ise (El)e = 040 (El)o
(@] ND/(AC fcm)Z 0.40 ise (El)e = 080 (El)o
Yapilan hesaplarda (El)e/(El)o orani; 1. kat
kolonlarinda 0.45 ve 0.42, diger kat kolonlarinda 0.40,
perdelerde ise tiim katlarda 0.40 olarak elde edilmistir.
Kirislerin etkin egilme rijitlikleri de egilme rijitliklerinin
%40’1 olarak hesap edilmistir.
315  itme Analizinde Kullanilacak Yiik Vektriiniin
Hesabi

Etkin egilme rijitliklerine gére model giincellendikten
sonra, deprem hesabinda esas alinan kiitlelerle uyumlu
yiiklere gore, analizler tekrarlanmustir. Yapilan analizler
sonucunda catlamis ve catlamamis kesitlere ait binanin
birinci modunun titresim periyotlar1 agagida verilmistir.

Catlamamis Kesitlerde:
Y dogrultusu T1(y) = 0.328 s,
X dogrultusu T1(x) = 0.307 s
Catlamis Kesitlerde:
Y dogrultusu T1(y) = 0.479 s,
X dogrultusu T1(x) =0.445 s

Artimsal itme analizine baslamadan 6nce, artimsal
itme analizinin baslangig kosullarmi olusturacak
kiitlelerle uyumlu diisey yiiklerin (G+nQ) goz Oniine
alindig1 bir dogrusal olmayan statik analiz yapilmistir.
Daha sonra, her iki dogrultuda, birinci dogal titresim
modu ile kat kiitlelerinin ¢arpmmi ile orantili olacak
sekildeki yiiklemeler altinda itme analizi yapilmistir.
Birinci dogal titresim modu ile kat kiitlelerinin ¢arpimi (m;
¢i) ile orantili olacak sekilde olusturulan, artimsal itme
analizinde kullanilan yiik vektorleri asagidaki sekiller ile
verilmistir.

N 1 4 571,76

3 0,7199 3 514,10
2 0,4131 2 295,01

1 0,1372 1 97,98

o o 4o

0 05 1 15 0 500

—+—X Dogrultusu —o—X dogrultusu

Sekil 9. X Dogrultusu Mod Sekli ve Yiik Vektori

4 1 4 571,76

3 0,7279 3 519,82

1 0,1397

04218

99,76

301,22

0,5

—+— Y Dogrultusu

1

15

0

500

—+—Y Dogrultusu

Sekil 10. Y Dogrultusu Mod Sekli ve Yiik Vektorii
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3.1.6  Dogrusal Olmayan Spektral Yer Degistirmenin
Hesabi

En son itme adim1 sonunda elde edilen birinci moda
ait maksimum modal yer degistirme (modal yer
degistirme istemi) d;®, dogrusal olmayan spektral yer
degistirme Sqi1’e esittir.

dl( P = Sdil 1)

Dogrusal elastik olmayan (nonlineer) spektral yer
degistirme, Sgi1, itme analizinin ilk adiminda, dogrusal
elastik davranis esas alinarak hesaplanan birinci (hakim)
moda ait T1®Y baslangi¢ periyoduna kars1 gelen dogrusal
elastik (lineer) spektral yer degistirme Sge1 ’e bagl olarak
asagidaki denklem ile elde edilir:

Sdil = CRlSdel 2

Dogrusal elastik (lineer) spektral yer degistirme Sge1,
itme analizinin ilk adiminda birinci moda ait elastik
spektral ivme Sae1 *den hesaplanir:

de1 = S#fl ?)
(W;L( ))2
Spektral yer degistirme orant Cgr, baslangic
periyodunun ivme spektrumundaki Tg’ ye esit veya daha
uzun olmasi durumunda Cr = 1.0 alinarak hesap yapilir
(Sekil 11). Spektral yer degistirme orani, baglangi¢
periyodunun ivme spektrumundaki Tg’ den daha kisa
olmas1 durumunda ise ardisik yaklagimla hesaplanir.

ar Sa 4 ,
Aon=Qn/T;)

/
/
S /
Dael [f----------- Jmmm—--
/

. (142
p (0)1))

dP=5,.= S dy. S

Sekil 11. Spektral Yer Degistirmenin Bulunmas1

Her iki dogrultuda da baslangi¢ periyodu Tg’den
biiyiik oldugundan, esit yer degistirme kuralinca Cry = 1.0
alinarak Sgiz = Sge1 olarak alinmistir. Tasarim depremi ve
siddetli deprem icin hesaplanan dogrusal olmayan
spektral yer degistirme ve hedef tepe yer degistirme
degerleri ile bu degerlerin hesaplanmasinda kullanilan
modal katk1 carpani I'y, etkin kiitle M1 degerleri Tablo 1-
2 ile verilmistir. Cizelgede kullanilan modal katki ¢arpanti
I'1, etkin kiitle M3 ve itme analizi sonrasinda elde edilen
itme egrisinden modal kapasite egrisine doniigiimde
kullanilacak olan modal ivme a;") , modal yer degistirme
d1® degerlerinin hesabinda kullanilacak formiiller asagida
verilmistir.

2
L=f—r )
2

M, = (5)

ERVIC:
i _ "1 6
=4 ©
40 =t )
O\, I
Tablo 1. Modal Katki Carpani ve Etkin Kiitle Degerleri
Mi
r
! (ton)
X Dogrultusu 1.3729 | 2030.31
Y Dogrultusu 1.36791 | 2041.69

Tablo 2. Hedef Tepe Yer Degistirme Degerleri

Ti(s) (r:\clil/s) A | 1| sm

AM | (mis2)

See Se (M) | Sa(m) | Un(m)

Tasarim

Dogrultusu)

Depremi (X | 0.445 | 1411 | 04 | 1 | 2294 | 0.918 | 9.00122 | 0.04524 | 0.04524 | 0.0621

Siddetli

Dogrultusu)

Deprem (X | 0.445 | 1411 | 04 | 1 | 3.441 | 1.376 | 13.50184 | 0.06782 | 0.06782 | 0.09311

Tasarim

Dogrultusu)

Depremi (Y | 0.479 | 1312 | 04 | 1 | 2.164 | 0.866 8.4929 0.04936 | 0.04936 | 0.06752

Siddetli
Deprem (Y | 0.479 | 1312 | 04 | 1 | 3.247
Dogrultusu)

1.299 | 12.73936 0.074 0.074 0.10127
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Hesaplanan tepe yer degistirme istemleri kullanilarak
binada itme analizi gergeklestirilmistir. Yapilan analizler
sonucunda her iki dogrultu icin, tasarim ve siddetli
deprem etkisi altinda, elde edilen itme egrileri ve modal
kapasite egrileri Sekil 12-15°de, tastyict sistem
elemanlarinda olusan plastik mafsallar ise Sekil 16-19°da
verilmistir.

itme Egrisi

14000

Z 12000

=
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E /
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o /
E 6000

£ e
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H

2 2000 /

- /
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Modal Kapasite Egrisi
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0 001 0.02 0.03 0.04 0.05 0.06 0.07
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Sekil 12. Tasarim Depremi Igin X Dogrultusundaki itme ve Modal
Kapasite Egrileri

Itme Egrisi

18000
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Sekil 13. Siddetli Deprem I¢in X Dogrultusundaki Itme ve Modal

Kapasite Egrileri
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Sekil 14. Tasarim Depremi I¢in Y Dogrultusundaki Itme ve Modal
Kapasite Egrileri

itme Egrisi
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Z 14000
<
= 12000
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Sekil 15. Siddetli Deprem i¢in Y Dogrultusundaki itme ve Modal

Kapasite Egrileri

Sekil 16. X Dogrultusunda Tasarim Depremi Etkisinde Olugan
Plastik Mafsallar
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olusan kesme kuvveti degerlerinin eleman kapasitelerini
asmadigi, yani elemanlarin siinek davranig sergiledigi
tespit edilmigstir. Siddetli deprem altinda kolon ve

7y

e | N ' P ! ] perdelerde olusan kesme kuvveti degerlerinin elemanlarin
“:- !_'!_%%‘iﬁﬁ ‘5:’55'1.’5’6‘ kapasitelerini agmadigi (siinek davranig sergiledigi),
\“E%Qi"'.:!"‘—ii‘sgﬁli»” ’ kiriglerden ise K1 isimli kiriglerden 6 tanesinde, K2 isimli
“‘il-’ /a‘" g!!;.\"‘-f"gp‘ ] kiriglerden 18 tanesinde olugan kesme kuvveti

= ‘h‘ﬂbﬂ'gf _\.“f degerlerinin elemanlarin kapasitelerini astigi (gevrek

davranis sergiledigi) tespit edilmistir.

3.1.8  Tasiyici Sistem Elemanlarinin Hasar Durumlarinin
Belirlenmesi

DBYBHY 2007°de, plastik sekil degistirmelerin
meydana geldigi betonarme siinek tasiyict sistem
elemanlar1 i¢in, Tablo 3 ile verilen kesit hasar smirlarina

Sekil 17. X Dogmltgi';‘siﬁ? ’\S;Iigf‘igtlll;?eprem Etkisinde Olugan gore izin verilen sekil degistirme iist siirlar1 (kapasiteleri)

ve 4 farkli hasar bolgesi Ongoriilmistir (Sekil 20).
Tasiyic1  sistem elemanlarmm hasar  bdlgelerinin
yiizdelerine gore de, binalar i¢in performans diizeyleri
belirlenmistir. Bir okul binasi, yonetmelige gore tasarim
depremi etkisinde hemen kullanim performans diizeyini,
siddetli deprem etkisinde ise can giivenligi performans
diizeyini saglamalidir.

Tablo 3. Kesit Sekil Degistirme Ust Sinirlari

gcu E-cg Es
Kesit
minimum
hasar 0.0035 0.01
siniri
(MN)
Kesit
giivenlik 0.0035+0.01(ps/psm)<0.0135 | 0.04
Sekil 18. Y Dogrultusunda Tasarim Depremi Etkisinde Olusan Sg““
Plastik Mafsallar ( V_)
Kesit
gs‘;flﬁlf 0.004+0.014(ps/psm)<0.018 | 0.06
S (GO)
LA
‘i§'§1 ¢ Kuvvet
“,/-ﬁgg: r'y GV “C
= N ] os
NS =teoe IS
+ " "’
SEm S O
Minimum i Belirgin i Ileri
Hasar | Hasar ! Hasar | Gégme
Bolgesi | Balgesi 1 Bolgesi i Bolgesi
Sekildegistirme
Sekil 20. Hasar Bolgeleri
Sekil 19. Y Dogrultusunda Siddetli Deprem Etkisinde Olusan . .
Plastik Mafsallar Okul binast tastyict sistem elemanlarinin  hasar
durumlarmim belirlenmesinde, SAP2000 programinda
3.1.7  Gevrek Davraniga lligkin I¢ Kuvvet Istemlerinin Ig yapilan analizler sonucunda elde edilen plastik
Kuvvet Kapasiteleri ile Karsilagtiriimasi mafsallarda olusan plastik donme degerleri (6p), plastik
egrilik degerlerine (¢p) doniistiiriilmiistiir. Daha sonra
Dogrusal olmayan itme analizinde hesaplanan tepe RESPONSE2000 programi yardimiyla tiim kesitlere ait
yer degistirme istemine karsi gelen itme adimindaki akma egriligi degerleri elde edilmis, bu degerler sayesinde
elemanlarin kesme kuvveti degerleri yonetmeliklere gore de kesitlere ait toplam egrilik degerleri elde edilmistir
belirlenen  kesme  kuvveti  dayamimlari ile (Denklem 8-9). Daha sonra RESPONSE2000 programt
karsilastirilmigtir. Tasarim depremi altinda elemanlarda kullanilarak toplam egrilik degerlerine karsilik gelen
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birim sekil degistirme degerleri elde edilmistir. Elde
edilen birim sekil degistirme degerleri de yonetmelik sekil
degistirme iist sinirlari ile karsilastirilarak tagryici sistem
elemanlarma ait hasar durumlart belirlenmistir. Yapilan
hesap adimlar1 tasarim depremi ve siddetli deprem igin
ayr1 ayr1 yapilmisg ve her iki deprem tiirii i¢in de bina
performans seviyesi belirlenmistir. Sekil 21’de hasar
durumlarinin belirlenmesi i¢in kullanilan akis semast
verilmistir.

¢, =06,1L, (8)

¢ =9, +9, ©)

Plastik Donme
Degerleri

SAP2000

Plastik Egrilik + Akma Egriligi
Degerleri Degerleri

RESPONSE2000

l

Toplam
Egrilik
Degerleri

l

Toplam egrilik degerlerine karsi gelen
birim sekil degistirmeler
RESPONSE2000 yardimi ile elde
edilir.

l

DBYBHY 2007’dekisinir degerlerle
karsilastirihr.

Sekil 21. Eleman Hasar Durumu I¢in Akis Semas1

Tasarim depremi etkisinde yapilan analizler
sonucunda, tiim tasiyici sistem elemanlarmin minimum
hasar bolgesinde kaldig1 belirlenmistir (Sekil 22). Bundan
dolayi, her iki deprem dogrultusu i¢in binanin tasarim
depremi etkisinde DBYBHY 2007’nin okul binalarindan
istedigi hemen kullanim performans diizeyini sagladigi
gOrilmiistiir.

Siddetli deprem etkisinde yapilan analizler sonucunda
ise, gevrek olarak hasar goren kirislerin DBYBHY
2007’de belirtildigi iizere gii¢lendirilmeleri sart1 ile
kirislerin tamami minimum hasar bolgesinde kaldigindan,
kolonlar da her hangi bir katta ileri hasar bolgesine
geemediginden, 2. kattaki iki kolonun y dogrultusunda her
iki ucunda da minimum hasar smiri asilmis olsa da,
yapilan hesaplamalar sonucunda bu iki kolon tarafindan
tasinan kesme kuvvetlerinin toplaminmn o kattaki tim
kolonlar tarafindan taginan kesme kuvvetine oraninin %12
oldugundan, diger tastyici elemanlarin tiimii minimum
hasar bolgesi veya belirgin hasar bélgesinde oldugundan
dolayi, bina iki dogrultu i¢in de deprem ydnetmeliginin
siddetli deprem i¢in okul binalarindan istedigi performans
seviyesi olan can gilivenli§i performans diizeyini
saglamaktadir.

Kiriglerin Hasar Bolgeleri

Yiizde (%)

lkat 2.kat 3.kat 4.kat l.kat 2.kat 3.kat 4.kat
XDogrultusu ¥ Dogrultusu

Kolonlarin Hasar Bolgeleri
100

Yiizde (%)
NesLoN®e
858583388

lkat 2.kat 3.kat 4.kat 1.kat 2.kat 3.kat 4.kat
XDogrultusu ¥ Dogrultusu

Perdelerin Hasar Bolgeleri

lkat 2.kat 3.kat 4.kat lkat 2.kat 3.kat 4.kat

XDogrultusu ¥ Dogrultusu

Sekil 22. Tasarim Depremi Etkisinde Tasiyici Sistem
Elemanlarinin Hasar Bolgeleri

Kiriglerin Hasar Bolgeleri

Yiizde (%)
P I

Kat 2.kat 3.kat 4.kat l.kat 2.kat 3.kat 4.kat
XDogrultusu ¥ Dogrultusu

Kolonlarin Hasar Bolgeleri

Yiizde (%)

VN
GV

lkat 2.kat 3.kat 4.kat Lkat 2.kat 3.kat d.kat
XDogrultusu ¥ Dogrultusu

Perdelerin Hasar Bolgeleri

Yiizde (%)

VN
6V

lkat 2.kat 3.kat 4.kat l.kat 2.kat 3.kat 4.kat

XDogrultusu ¥ Dogrultusu

Sekil 23. Siddetli Deprem Etkisinde Tastyic Sistem
Elemanlarmi Hasar Bolgeleri

3.2 Deprem Performansinin ASCE 41-06’ya Gore
Degerlendirilmesi

ASCE 41-06, DBYBHY 2007°de oldugu gibi
depremleri 50 yilda asilma olasiliklarina  gore
smiflandirmustir: 50 yilda asilma olasilig1 %50 (SE, servis
veya kullanim depremi), 50 yilda agilma olasiligi %20, 50
yilda asilma olasilig1 %10 (BSE-1, tasarim depremi veya
temel giivenlik depremi 1), 50 yilda asilma olasilig1 %2
(BSE-2, en biiyiik deprem veya temel giivenlik depremi
2).

Standart, tasiyict sistem elemanlar1 i¢in dort
performans seviyesi ve iki performans aralifi, tastyici
olmayan elemanlar i¢inde bes performans seviyesi
belirlemistir. Tastyic1 sistem elemanlarinin performans
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seviyeleri: hemen kullanim (S-1), can giivenligi (S-3),
goemenin Onlenmesi (S-5), gogme (S-6) ve performans
araliklari: hasar kontrol (S-2), smirh giivenlik (S-4) (Sekil
24) olarak tanimlanmistir. Tastyict olmayan elemanlarin
performans seviyeleri: kullanima devam (N-A), hemen
kullanim (N-B), can giivenligi (N-C), azaltilmis hasar (N-
C), performansin dikkate alinmadig1 seviye (N-E) olarak
verilmistir. Yapilarin toplam performans seviyelerine ise,
standarttaki cizelgeden yararlanilarak, tasiyici ve tastyici

olmayan  elemanlarm  performans  seviyelerinin
birlesiminden sonra karar verilmektedir.
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Sekil 24. Performans Seviyeleri ve Araliklar

Bina performans seviyesinin belirlenmesinde ASCE
41-06 ile DBYBHY 2007’de paralellik saglamak
maksadiyla, ASCE 41-06’da bina performans seviyesi
sadece tasiyici sistem elemanlarinin hasar seviyeleri goz
oniinde bulundurularak belirlenmistic. DBYBHY 2007
g6z Oniinde bulundurularak, ASCE 41-06’daki bina
performans seviyeleri: kullanima devam ve hemen
kullanim bina performans seviyeleri (tasiyici sistem
elemanlarmin  S-1 hasar seviyesine sahip olmasi
durumunda), can giivenligi bina performans seviyesi
(tastyici sistem elemanlarmim en kotii S-3 hasar seviyesine
sahip olmasi durumunda), gd¢menin Onlenmesi bina
performans seviyesi (tastyici sistem elemanlarmin en kotii
S-5 hasar seviyesine sahip olmasi durumunda) olarak
verilmistir.

Sekil 25 ile standarttaki genellestirilmis yiik sekil
degistirme egrisi verilmektedir. Tasiyici sistem elemanlar1
icin plastik mafsal o6zelliklerinin atanmasi bu sekilde
gosterilen parametrelere dayali olarak yapilmaktadir [25].
SAP2000 programi da Sekil 25°deki egriden yararlanarak,
standardin smir degerlerini kullanarak tasiyici sistem
elemanlar1 i¢in hasar seviyelerini belirlemektedir (Sekil
26).
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Sekil 26. SAP2000 Programi ASCE 41-06 igin Ornek Moment
Dénme Tliskisi

Yapilan ¢aligmada, SAP2000 programi yardimi ile
hesaplanan plastik donme degerleri, standardin hasar
seviyeleri i¢in belirlemis oldugu plastik donme smir
degerleri ile karsilastirilmig, bdylece tasiyici sistem
elemanlar1 igin hasar seviyelerine karar verilmistir.
SAP2000, elemanlar i¢in standartta verilen tablolar1
kullanarak  hasar  seviyelerinin  smir  degerlerini
belirlemektedir. Bu smir degerleri  belirlenirken
gerektiginde dogrusal enterpolasyon yapilmaktadir.
Program belirlemis oldugu smir degerlere gore de eleman
performans  seviyelerine otomatik olarak karar
vermektedir. Programin belirlemis oldugu sinir degerler
ve biitiin tastyict sistem elemanlarinin hasar seviyeleri,
hesaplanan  plastik donme degerleri yardimiyla
standarttan kontrol edilmis ve dogrulugu belirlenmistir.
Yapilan hesap admmlar1 tasarim depremi ve en biiyiik
(siddetli) deprem i¢in ayr1 ayr1 yapilmig ve her iki deprem
tilirli i¢in de bina performans seviyesi belirlenmistir.

Tasarim depremi etkisinde yapilan analizler
sonucunda, tiim tasiyici sistem elemanlarmin hemen
kullanim performans seviyesini sagladigi belirlenmistir
(Sekil 27). Bundan dolayi bina, tasarim depremi etkisinde
ASCE 41-06’ya gore hemen kullanim performans
diizeyini saglamistir.

Siddetli deprem etkisinde yapilan analiz sonucunda,
X dogrultusunda kirislerin tamammin hemen kullanim
performans seviyesini sagladigi, kolonlarin tamaminin
hemen kullanim performans seviyesini sagladigi,
perdelerden 1. katta 2 perdenin can giivenligi performans
seviyesini sagladigi, geri kalan tiim perdelerin ise hemen
kullanim  performans  seviyesini  sagladigi;; Y
dogrultusunda ise kiriglerin tamaminin hemen kullanim
performans seviyesini sagladigi, kolonlardan 1. katta 2
kolonun, 2. katta 2 kolonun can giivenligi performans
seviyesini sagladigi, geri kalan kolonlarin tamaminin
hemen kullanim performans seviyesini sagladigi,
perdelerden 1. katta 4 perdenin can giivenligi performans
seviyesini sagladigi, geri kalan tiim perdelerin ise hemen
kullanim performans seviyesini sagladigi belirlenmistir
(Sekil 28). Dolayisiyla bina siddetli deprem etkisinde
ASCE 41-06’ya gore can giivenligi performans diizeyini
saglamaktadir.
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Sekil 27. Tasarim Depremi Etkisinde Tasiyict Sistem
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Sekil 28. Siddetli Deprem Etkisinde Tas1yict Sistem
Elemanlarmin Performans Seviyeleri

4  Sonuglar

Bu c¢alismada, dort kathi perde ve gergeve tastyici
sisteme sahip betonarme bir okul binasinn, DBYBHY
2007 bolim iki ve boliim {ige gore tasarmmi yapilmistir.
Tasarimi  yapilan bu okul binasinn  deprem
performansmin degerlendirilmesi, DBYBHY 2007 ve
ASCE 41-06’ya gore dogrusal olmayan analiz ydntemi
(artimsal esdeger deprem yiikii yontemi) kullanilarak
yapilmistir. Binanin tasiyici sisteminin tasariminda ve
deprem performansi analizlerinde SAP2000 programi,
kesit analizi hesaplarinda ise = RESPONSE2000
programindan faydalanilmistir. Yapilan hesaplamalara
gore asagidaki sonuglara ulagilmstir:

- Dogrusal hesapla dogrusal olmayan hesaplardaki taban
kesme kuvvetleri birbirleri ile karsilastirildiginda,
dogrusal olmayan hesaptaki taban kesme kuvvetinin

dogrusal hesaptakinin yaklasik iki kat1 oldugu
gOriilmiistiir. Bu artan taban kesme kuvvetinin sebebi
ise yiik artim adimlari ile birlikte kapasitelerine ulasan
kesitlerde plastik mafsal olugmasi ve bu kesitlerde
plastik mafsal olugmasindan sonra gelen yiiklerin diger
kesitlerce ortaklasa paylasilarak sistem dayaniminin
artmasidir. Ayrica beton ve ¢eligin tasarim hesaplarinda
azaltilmis olan dayanimlar1 da taban kesme kuvvetinin
dogrusal hesapta daha kii¢iik ¢ikmasinin sebebidir.

- Tasarim depremi icin yapilan analizler ile siddetli

deprem i¢in yapilan analizler Kkarsilastirildiginda,
olusan plastik mafsal sayismin arttigi, plastik donme
degerlerinin ve olugan birim sekil degistirmelerin arttig1
belirlenmistir.

- Diisey tasiyic1 elemanlarda, yatay tasiyici elemanlara

gore olusan plastik mafsal sayis1 oldukga azdir. Bu da
binanmn slinek davranigmni itme analizi esnasinda
yansittigini ve kolonlarin kirislerden daha gii¢lii olmasi
ilkesinin saglandigin1 géstermistir.

- Tasarim depremi igin binadaki biitiin eleman hasar

smirlart minimum hasar bdlgesinde kalmistir. Bina,
DBYBHY 2007’de dngoriildiigii gibi tasarim depremi
etkisinde hemen kullanim performans diizeyini
saglamaktadir.

- Siddetli deprem etkisinde ise bina DBYBHY 2007’de

belirtildigi tizere, gevrek olarak hasar goren elemanlarin
giiclendirilmeleri sart1 ile yonetmeligin 6ngordiigii gibi
can gilivenligi performans diizeyini saglamaktadir.
Fakat betonarme tasartmi DBYBHY 2007’ye gore
stineklik diizeyi yiiksek olarak tasarlanan kiriglerden
bazilarmimn, DBYBHY 2007, 7. bolime gore siddetli
deprem icin, kesme kuvveti kapasitelerinin son itme
adiminda ortaya ¢ikan kesme kuvvetlerinden kiigiik
oldugu tespit edilmistir. Bundan dolay1 da bu kirisler,
siddetli deprem igin gevrek olarak hasar gérmiistiir. Bu
husus tasarim yapilirken hedef performans seviyesinin
de gboz oOniinde bulundurularak tasarim yapilmasi
gerektigini gostermektedir. Ayrica bu husus, kirislerin
yonetmelige  uygun  olarak  dayanim  bazli
tasarlanmasina ragmen, siddetli deprem etkisinde
yapilan performans degerlendirilmesinde kiriglerden
bazilarinin yonetmeligin 6ngdrdiigiiniin aksine gevrek
olarak hasar gordiigiinii ortaya cikarmistir. Gevrek
olarak hasar goren kiriglerin ¢ogunun perdelere
baglanan kirigler oldugu tespit edilmistir. Bu durum,
yiik aktarimi esnasinda elemanlarda olusabilecek kesit
tesirlerinin dikkate alinarak, perde boyutlar1 ile bu
perdelere baglanan kirislerin boyutlarinin ¢ok iyi hesap
edilmesi gerektigini ortaya ¢ikarmaktadir.

- Tasarim depremi i¢in ASCE 41-06 standardina gore

yapilan performans degerlendirilmesinde, DBYBHY
2007°de oldugu gibi yapmin hemen kullanim
performans seviyesini sagladigi, siddetli deprem igin
ASCE 41-06 standardma gore yapilan performans
degerlendirilmesinde, DBYBHY 2007’de oldugu gibi
binanin can giivenligi performans seviyesini sagladigi
gorlilmiistiir. Siddetli deprem icin ASCE 41-06
standardina gore hesaplanan eleman hasar durumlari ile
DBYBHY 2007’ye gore hesaplanan eleman hasar
durumlarmimn, bazi elemanlarda farklilik gdsterdigi
belirlenmistir. Bu  farklililk gosteren elemanlar
incelendiginde, hasar durumlarmi belirlemek igin
hesaplanan  degerlerin  yonetmeliklerdeki  hasar
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smirlarma ¢ok yakin degerlerde oldugu belirlenmistir.
Bundan dolay1 DBYBHY 2007°de belirgin hasar
bolgesinde bulunan bazi elemanlar, ASCE 41-06

standardinda hemen kullamim hasar
kalmigtir (Tablo 4).

bolgesinde

Tablo 4. Eleman Hasar Durumundaki Farklilik icin Ornek

Label Plastik D (©) (rad) DBYBHY 2007 (MN) | ASCE 41-06 (S-1)
as Onme ra & IS
SAP2000 o s Eau &s (6) (rad)
145 0.004675 0.00372 | 0.00922 0.0035 0.01 0.005
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SOL-GEL SYNTHESIS AND CHARACTERIZATION OF TiO. POWDER
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In the present study, TiO, powder having the tetragonal crystal without any impurity was easily synthesized by sol-gel method, and its characterization was
done by X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) spectroscopy. The crystallinity degree was

found to be of 89.0%. A flaky morphology was observed.

Keywords: Sol-gel synthesis; TiO,; X-ray diffraction (XRD)

1 Introduction

Titania or titanium dioxide (TiO2) is a semiconductor
material, and the best known crystal forms of TiO; are the
anatase, rutile and brookite [1, 2]. While the anatase and
rutile, which is a thermodynamically stable phase and is
the best known polymorph of TiO,, have the tetragonal
crystal system, the brookite has the orthorhombic crystal
structure [3]. The anatase and brookite are metastable
phases and these are converted the rutile phase after
heating [4]. TiO, has been synthesized by several
techniques, including hydrothermal, solvothermal, sol-
gel, direct oxidation, electrodeposition, microwave and,
chemical vapor deposition [5-7]. In comparison to the
other preparation methods, the sol-gel route has been
widely used for synthesizing of TiO; since it has some
advantages such as low processing temperature, high
homogeneity and low preparation cost [8, 9].

The present work focuses on the preparation with a
simple sol-gel synthesis and characterization, using the
experimental analysis techniques of X-ray diffraction
(XRD), scanning electron microscopy (SEM) and energy
dispersive X-ray (EDX) spectroscopy, of TiO, powder.

2 Materials and method
2.1 Synthesis of TiO2 powder

0.5 M of titanium (IV) butoxide (Ti(OBu)4, Sigma-
Aldrich) was dissolved in 100 ml of anhydrous ethanol
(C2Hs0H, Carlo Erba), and then 100 ml of distilled water
was added to this solution. The as prepared solution was
stirred continuously, and the beginning of gel formation
in this mixture was observed in about 10 minutes.
Afterwards, this was stirred without heating for 2.5 hin a
magnetic stirrer. This was placed in an oven, kept at 60 °C
for 24 h, and further dried at 80 °C for 22 h. The as dried
was heated in an electric furnace at 1100 °C for 2 h and
white TiO, powder was obtained.

2.2 Characterization

X-ray diffraction (XRD) data of the as-produced TiO;
powder was collected on a Rigaku RadB-DMAX 11 model
diffractometer in the 20 range from 20° to 80° with a step
size of 0.02° using Cu Ka radiation with wavelength of
0.15406 nm. A LEO EVO 40xVP scanning electron

microscope operated at 20 kV and equipped with an
energy dispersive X-ray (EDX, Rontech xflash) was used
to observe the morphology and to determine the elemental
composition of the as-manufactured TiO, sample.

3 Results and Discussion
3.1 XRD analysis

Fig. 1. shows the XRD pattern of the as-prepared TiO;
sample. The set of the diffraction planes of (110), (101),
(200), (111), (210), (211), (220), (002), (310), (301),
(112), (311) and (202) was detected. All the peaks on this
pattern are in very good harmony with the standard pattern
belonging to the rutile phase, having the tetragonal crystal
system, of TiO, (JCPDS PDF no: 75-1753), and an
additional phase was not observed. The observation of the
one hundred percent pure rutile phase for the sample
produced at the temperature of 1100 °C is in a very good
agreement with the result reported by Toyoda et al. [10].

The crystallinity percent (Xc%) value was estimated
according to the relation given in elsewhere [11]. This
value was calculated to be 89.0%, corresponding to the
high crsytallinity of the as-prepared TiO,. Using the full
width at half maximum (FWHM, B) and Bragg angle (0)
values belonging to these planes, the average value of the
crystallite size (Ds) of the sample was calculated by
Scherrer equation [12]

_ 092 (1)
pcosé

S

where A is the X-ray wavelength, which is equal to the
value of 0.15406 nm for CuKo radiation. The average
value of Ds was computed to be 23.21 nm. The crystallite
size value was also computed from the slope of
Williamson-Hall plot (Fig. 2), using the following
equation [13]

092 (2)

+4esing

£cosé =

H

Where ¢ is the lattice strain and Dwh is the crystallite size.
The & and Dww values are estimated to be 8.521x10* and
27.51 nm, respectively. Both the calculated values of the
crystallite size are approximately close to each other,
and these values are in a good harmony with Bakri
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Figure 1. XRD pattern of TiO, powder.

et al. [14]. The as-calculated lattice strain may be
associated to the high crystallinity [15].
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Figure 2. Williamson-Hall plot of TiO,

Using the Miller indices (hkl) and distance (d) for two
adjacent plane, the lattice parameters (a=b and c) and unit
cell volume (V) of the sample were calculated according
to the following relations belonging to the tetragonal
crystal system, respectively [12]:

1 h2 + kz |2 (3)
dZ a2 c?
V =a’c (4)

The values of the as-calculated parameters are listed in
Table 1 and compared to the standard values (JCPDS PDF
no: 75-1753), and these values are in very good agreement
with the standard values of the data belonging to the rutile
phase of TiO; given in JCPDS PDF no: 75-1753.

Table 1. The lattice parameters and unit cell volume of the as-
synthesized sample.

Sample a(nm) c¢(nm) V(nm®)
TiO2 (JCPDSPDF Ot 45937 029587  0.06243
75-1753)
TiO, 0.45968 0.29614 0.06258

3.2. Morphological and elemental analysis

A flaky morphology without the porosity is observed
from scanning electron microscope image taken at an
operating voltage of 20 kV and magnification of x20,000
(Fig. 3). Since any element other than titanium and
oxygen is not detected, the EDX data confirm that there is
no impurity in the as-prepared TiO, sample. Over and
above, the EDX result verify the stoichiometry of TiO,.

Element At%
Ti 31.41
O 68.59

Figure 3. SEM observation and elemental analysis results of the as-
produced sample.

4 Conclusions

A high crystalline TiO2, powder, composed of the
rutile phase with the tetragonal crystal system, was
synthesized easily via a simple sol-gel technique. Using
the well-known Scherrer and Williamson-Hall methods,
the crystallite size of the as-manufactured sample was
calculated to be 23.21 nm for and 27.51 nm, respectively.
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The crystallinity was estimated to be 89.0%, and the
higher crystallinity can be related to the lesser lattice
strain value. The morphology of TiO, exhibits the flaky
grains, and EDX data show that the as-synthesized sample
is the stoichiometric.
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