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Membran Kapasitif Deiyonizasyon Prosesi ile Sertlik Giderimi

*1Halil ibrahim Uzun, ?Eyiip Debik
Mus Alparslan Universitesi, Mithendislik Mimarlik Fakiiltesi, Cevre Mithendisligi Boliimii, ha.uzun@alparslan.edu.tr
2Y1ldiz Teknik Universitesi, Insaat Fakiiltesi, Cevre Miihendisligi Béliimii, debik@yildiz.edu.tr

Arastirma Makalesi Gelis Tarihi: 03.12.2018 Kabul Tarihi: 23.05 2019
Oz

Kalsiyum ve Magnezyum elementlerinin (+2) degerlikli iyon halleri sularda sertlik olusturmaktadir. Insan sagh@ acisindan
ciddi riskler olusturmasa da sert sular sanayide iiretim kalitesinin diismesi, borularin dmriiniin azalmast, sicak su iireten ya da
tilketen cihazlarin 6mriiniin azalmasi gibi olumsuzluklara sebep olur. Sular CaCOj3 esdegeri olarak (0 — 75 mg/L) yumusak, (75
— 150 mg/L) orta sert, (150 — 300 mg/L) sert, ( >300 mg/L) ¢ok sert su seklinde smiflandirilmaktadir. Membran Kapasitif
deiyonizasyon (MCDI), sertlik tiirlerinin giderilmesinde etkili bir prosestir. Bu ¢aligmada sertlik gideriminde aritilmis suyun
kullanim alam da goz oniinde bulundurularak gok sert su sinifina giren farkh oranlarda Ca?* ve Mg?* igeren sular MCDI ile
aritilarak proses suyu ve icme suyu elde edilmeye calisilmistir. Calismalar neticesinde 300 mg CaCO3/L sertlik igeren sular
proses suyu iiretiminde %90 - %97 araliginda; igme suyu eldesinde ise %71 - %82 oranlarinda aritilmustir. Enerji icin Maliyet
analizi yapildiginda proses suyu i¢in maliyetler 0,01 — 0,02 $/m? araliginda degisirken igme suyu eldesi i¢in bu maliyet 0,009 —
0,016 $/m?® araliginda degismektedir.

Anahtar kelimeler: Sertlik, Membran Kapasitif Deiyonizasyon, Tuzsuzlastirma

Hardness Removal by Membrane Capacitive Deionization Process

*IHalil Ibrahim Uzun, 2Eyup Debik
IMus Alparslan University, Faculty of Engineering and Architecture, Environmental Engineering Department,

ha.uzun@alparslan.edu.tr
2Y1ldiz Technical University, Civil Engineering Faculty, Environmental Engineering Department, debik@yildiz.edu.tr

Abstract

Calcium and Magnesium elements (+2) valued ion states form hardness in waters. Although it does not pose serious risks for
human health, hard water causes negative effects such as decreasing production quality in the industry, shorten the life of the
pipes and the life of the devices that produce or consume hot water. Water is classified as CaCO3 equivalent (0 - 75 mg / L)
soft, (75 - 150 mg / L) medium hard, (150 - 300 mg/ L) hard, (>300 mg/ L) as hard water. Membrane Capacitive deionization
(MCDI) is an effective process for removing hardness types. In this study, taking the usage area of treated water in hardness
removal, into account, water with different proportions of Ca?* and Mg?*, which are classified as hard water, have been treated
with MCDI to produce process water and drinking water. As a result of the studies, water containing 300 mg CaCOs / L
hardness in the process water production in the range of 90% - 97%; in drinking water treatment, it was treated with% 71 -%
82. When cost analysis is performed, costs for process water vary between 0.01 - 0.02 $ / m3, while this cost for drinking water
varies between 0.009 - 0.016 $/ m®.

Keywords: Hardness, Membrane Capasitive Deionization, Desalination

1. GIRIS belirleyen bir parametredir [1]. Sertlik su icinde ¢dziinen

Ca?*, Mg?, Sr#*, Fe?*, Mn?* gibi iki degerlikli iyonlarm
Sularin sertligi, muhtevasinda bulunan iki degerlikli metal konsantrasyonlarina baghdir. S6z konusu bu iyonlarin
katyonlarinin sebep oldugu, suyun temas ettigi yiizeylerde HCOs, SO.#, CI, NOs, SiOs gibi anyonlar ile
tahribata yol acan, suyun tadini bozan ve su kalitesini olusturduklar1 tuzlar sertligi meydana getirir. Sulardaki

*Mus Alparslan Universitesi, Miihendislik Mimarlik Fakiiltesi, Cevre Miihendisligi Boliimii, ha.uzun@alparslan.edu.tr,
Bu ¢aligma ISEM2018 sempozyumunda " Membran Kapasitif Deiyonizasyon Prosesi ile Sertlik Giderimi " baghkl bildiri olarak sunulan
caligmadan gelistirilmistir.
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sertlik, sularin temas halinde bulundugu kayag veya toprak
dolayist ile olugur. Sular temas ettikleri sertlik kaynagi olan
maddeleri ¢ozerek biinyesine alir. Boylelikle sertlik olusur.
Ozellikle yagislar sirasinda yagmur sular1 atmosfer gazlari
ile birleserek asidik karaktere sahip olmaktadir. Bunun
yaninda toprakta meydana gelen biyolojik faaliyetler
sonucunda agiga ¢ikan CO; suda ¢oziinerek ona asidik bir
karakter kazandirabilir [2].

Endiistriyel ve igme ihtiyacina yonelik kullanilacak olan
sert sularin aritilmasi hem sularin kullanim amaglart
yoniinden hem de sularin nefaseti dolayisi ile 6nemlidir.
Ozellikle sertlik olusturan kalsiyum ve magnezyum gibi +2
degerlikli iyonlar sicak su kullanan veya iireten teknolojik
ekipmanlarm borulama sistemlerinde ciddi tikanmalara
sebep olmaktadir [3]. Ayrica aritma sistemlerinde
membranlarm  kirlenerek  ve  tikanarak islevlerini
kaybetmesi, kazan tasi olusumu, temizlik verimliliginde
azalma, temizlik kimyasallarmin sarfiyatinda artig gibi
problemlerin azaltilmas1 ve giderilmesinde sertlik giderimi
olduk¢a Onemlidir [4]. Ancak sularm aritilmasinda ve
ozellikle sertlik gideriminde suyun kullanim alani oldukca
onemlidir.

Endiistiyel ihtiyaca yonelik kullanilacak sulardan tiim
iyonlarin giderilmesi istenebilir. Ancak igme sularinda
kalsiyumun ve magnezyumun saglik acisindan bilinen
olumsuz bir etkisi bulunmamaktadir. Diger taraftan
kalsiyum insan viicudu igin gerekli minerallerden biridir.
Kemik yapisina katilmakla birlikte periferik sinirlerde ve
kaslarda islevin normal devami i¢in rol oynar. Magnezyum
ise viicutta fosfat transferinde Onemli rol oynayan
elementlerden biridir. Ayrica niikleik asitlerin yapisal
diizenlerinin korunmasinda o6nemli bir element oldugu
kabul edilmektedir [5].

Sulardan sertlik gideriminde kimyasal ¢oktiirme, iyon
degistirme, nanofiltrasyon ve ters ozmoz gibi memran
prosesleri ile elektrodiyaliz yaygin olarak kullanilan ve
artik geleneksel aritma sistemleri olarak ifade edilen
proseslerdir [6]-[12].

Ancak kimyasal ¢oktiirme isleminde kullanilan ilave
kimyasallar igme sularinda kisitlanan maddelerdir. Iyon
degisimi ve membran islemlerinin rejenerasyonunda agiga
cikan tek degerlikli iyonlar ve asitler, ¢evreye zararh
etkilere neden olmaktadir [4], [10], [13]. Bu aritma
yontemleri aritma yonteminin dogrudan kimyasal bir isleme
dayanmasi, membranlari meydana gelecek tikanmalarin
azaltilmasinda ve giderilmesinde kullanilan kimyasallar
gibi ekstra kimyasal kullanimini gerektirmesi, enerji
maliyetlerinin yliksek olmasi gibi dezavantajlar dolayisi ile
ekonomik goziikmemektedir [12]. Bu sebeple sert sularmn
aritilmasinda ¢evre dostu, esnek kullanima sahip, diisiik
enerji maliyetleri olan aritma yontemlerine ihtiyag
duyulmaktadir.

Son yillarda sert sularin kontroliinde etkili bir alternatif
olarak gosterilen kapasitif deiyonizasyon (CDI) elektrotlar
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iizerinde elektrokimyasal adsorpsiyon / desorpsiyon yoluyla
iyonlarin bertaraf edildigi bir teknolojidir [14]-[16]. CDI
prosesinde uygulanan potansiyeller ile anot ve katot olarak
ayrilan elektrotlarin yiizeyleri iizerinde zit yiikli iyonlar
tutmak icin elektriksel ¢ift tabaka olusturulur. Boylelikle zit
yiklii iyonlar Kkarsit elektrotlarda etkili bir bi¢imde
tutulurlar. Kapasitif deiyonizasyon (CDI) nispeten diisiik
enerji tiiketen, sertlik iyonlarmin uzaklagtirilmasi igin
oldukca cazip, cevre dostu bir teknolojidir ve ikincil
rejenerasyon atiklart olusturmaz, pahali membranlar ve
yiiksek basing pompalart gerektirmez [17], [18].

Membran kapasitif deiyonizasyon (MCDI) ise CDI
sisteminde elektrot yiizeylerine iyon se¢ici membran
eklenmesi ile olusturulan ve CDI teknolojisinin
performansini arttirmada etkili olan bir prosestir [19]. Iyon
secici membranlar karsit elektrotlarda zit yiiklii iyonlarin
etkili tutulmasmi saglarken ayni zamanda desorpsiyon
sirecinde zit iyonlarin karst elektrotlara gecislerini
engellemektedir.

CDI prosesi ile tek degerli iyonlarin sudan bertarafina
yonelik bir ¢ok calisma yapilmistir ancak CDI kullanilarak
sertligin giderilmesi lizerine yapilan c¢alismalar kisithdir
[14], [20], [21].

Bu calismada sertlik olusturan kalsiyum ve magnezyum
iyonlart MCDI prosesi ile ekonomik olarak aritilarak hem
proses suyu kalitesine (%100’e yakin sertlik giderimi) hem
de igme suyu kalitesine getirilmeye (%50 - %70)
calistlmistir. MCDI prosesinde iyonlarin tercihli olarak
giderildigi bilinmekte oldugundan kalsiyum ve magnezyum
giderim verimleri ayr1 ayr1 tespit edilmeye caligilmistir. Son
olarak MCDI ile sertlik gideriminde enerji sarfiyatlar1 ve
maliyetler ortaya konmustur.

2. MALZEME VE YONTEM

Inlet

Outlet
<

Inlet

Cell

Sekil 1. MCDI sematik gésterimi [22].

MCDI calismalart Sekil 1’de sematik olarak gosterilen
Voltea marka MCDI sistemi ile yiiritilmistir. MCDI
sistemi birbirini takip eden 24 adet hiicreden olugsmakta, her
bir hiicre grafit akim dagitict (kalinhk & = 250 pm),
kimyasal olarak ayni katot ve anot gorevi gormek iizere
gozenekli karbon elektrotlar (PACMM 203, Irvine, CA,
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USA, de = 362 um), iyon gecisi kontroliinii saglamak iizere
anyon ve katyon secici membranlar (Neosepta AM-1 and
Neosepta CM-1, Tokuyama Co., Japan, & = 130 pum), su
akisint saglamast ve elektrotlart birbirinden ayirmasi igin
tekstil bir ayirict (6= 115 um)’dan olugmaktadir. Toplam
elektrot alani 1,18 m? ve karbon elektrotlarin direnci 1
(£0,2) Qecm?’dir. Anyon ve katyon secici membranlarm
direngleri yaklagik 2 Qecm?’dir [23].

MCDI, aritim (puring), ©n hazirlik (prepurifying),
desorpsiyon (wasting) seklinde ifade edilebilecek ii¢
asamada otomatik ve manuel olarak calistirilmaktadir.
Asamalarim tamami ayni reaktorde gergeklesmek olup fakat
bu ii¢c asamada da aritilmis su ile konsantre akim farkli
kanallardan otomatik olarak yonlendirilebilmektedir.

Ayrica MCDI cihazinda partikiil maddelerin reaktdr i¢ine
girmesini Onlemek amaciyla 1L hacme sahip 0,1um por
capli filtrenin bulundugu bir 6n aritim  hiicresi
bulunmaktadir. Reaktdriin besleme ve aritilmis suyun ¢ikis
kanallarinda iletkenlik  proplari  bulunmaktadir  ve
iletkenlikler otomatik olarak oSlgiilerek yazilim aracilig ile
bilgisayara aktarilmaktadir. Elektriksel potansiyel (V), akim
(A) ve basing gibi degerler otomatik olarak
Ol¢iilebilmektedir.

MCDI sisteminde elektriksel potansiyel hidroliz sartlarmin
olusmamasi i¢in maksimum 1,5 V olacak sekilde sabit
tutulmustur. Cihaz reaktdrii 0,3L hacminde oldugu igin, tam
karigimli  bir reaktor kabulii ile debi ve 0,3L/dk’da
tutulmustur. Bu degerin istiindeki debilerde enerji sarfiyati
artmakta, altindaki degerlerde 6n hazirlik asamasinda
reaktoriin tam olarak bosaltilmasi uzun siirmektedir. Bu
bagl olarak konsantre akim hacmi artmaktadir. MCDI
sistemi ile yapilan optimizasyon c¢aligmalarinda isletme
stirelerinin adsorpsiyon i¢in 1440 saniye, sistemin hazirlik
asamasi (reaktérde bulunan konsantrenin tamamen bertarafi
ve elektrotlarin adsorpsiyon/desorpsiyon igin sarj edilmesi)
icin 60 saniye olarak tespit edilmistir. Desorpsiyon siiresi
giris iletkenligine bagh olarak degismektedir [24].

Ca?*, Mg?* olgiimleri igin standart metotlar kullanilmistir
[Standart Methods].

MCDI cihazinm, farkli igeriklerde ¢ok sert smifinda kabul
edilen (300 mg CaCOs/L sertligine sahip su numuneleri)
sular1 aritma performansinin ortaya konmasi igin farkl
icerige sahip numuneler hazirlanmistir. Igerikte bulunan
Caz+ ve Mg+ iyonlari mg CaCOs/L esdegeri olarak
hazirlanmis ve giderim verimleri de bu esdegerler
iizerinden hesaplanmuistir.

3. BULGULAR

3.1. Farkh Konsantrasyonlarda Ca** ve Mg** Sertligi
Olan Sulardan MCDI ile Proses Suyu Uretimi

Sular sertlik derecelerine goére smiflandirilmaktadir. Tablo
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1’de bu smiflandirma ve konsantrasyonlar1 verilmistir.

Tablo 1. Sularm mg CaCOs; / L sertlik derecesi
siniflandirmasi

mg CaCOs/ L | Sertlik Derecesi
0-75 Yumusak
75-150 Orta Sert

150 — 300 Sert

300 ve tizeri Cok Sert

Yaklasik (1:1), (1:2) ve (2:1) ve toplam sertligi yaklasik
300 mg CaCO3 / L toplam sertligi olan ¢ok sert sinifina
giren MCDI ile %100’e yakin giderim verimi ile aritilarak
proses suyu (ultra saf) elde edilmeye calisilmistir.
Hazirlanan ¢bzeltilerin  Ca®* ve Mg?* iyonlarindan
kaynaklanan sertlikleri ile toplam sertlikleri Tablo 2’de
verilmisgtir.

Tablo 2. Hazirlanan Cozeltilerin Ca?* ve Mg?* ile Toplam
Sertlik Dereceleri

Ca?" + Mg*? | Ca®* Sertligi | Mg? T.S.
Giris mgCaCOs/L | Sertligi mgCaCOs/L
Oranlar1 mgCaCOs/L
1:1 155 152 307
2:1 195 110 305
1:2 110 190 310
Ca? 305 - 305
Mg?®* - 300 300
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Farkli oranlarda hazirlanan ¢ozeltiler MCDI cihazi ile
proses suyu elde etmek amaciyla ultra saf su iiretilecek
diizeyde aritilmistir.

Elde edilen veriler Tablo 2’de verilmistir. Iletkenlik
iizerinden giderim verimleri Ca?*: Mg?* i¢in (1:1), (1:2),
(2:1) igin srastyla %97, %94 ve %92°dir. Yalnizca Ca?*
iyonlarindan ileri gelen sertlik i¢in iletkenlik giderim verimi
%99 iken, yalmizca Mg?* iyonlarindan ileri gelen sertlik igin
iletkenlik giderim verimi %92’dir. Iyonlarin elektrotlara
goc ettirilmesinde sulu yar1 caplari, elektrotlarin gézenek
boyutlar1 ve bu boyutlarin dagilimlart énemlidir. Mikro ve
makro gozenek boyutunun dengeli olarak dagildigt
elektrotlarda sulu yar1 ¢api yiiksek olan iyonlarin daha etkili
giderilebilecegi soylenebilir [25].

Mg?* (4,28 A) ve Ca** (4,12 A) sulu yar1 caplarmin
birbirine yakin oldugu géz 6niine almdigmda, Mg?* ve Ca?*
iyonlarmin dengeli olarak aritilabilir. MCDI ile yapilan
calismalar sonucunda standart hatalar gbéz Oniine
alindiginda Ca* ve Mg?" iyonlarinin dengeli olarak
aritildig goriilmektedir.
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Tablo 3. MCDI ile proses suyu eldesinde performans

gostergeleri
Ca?*ve Mg?* Sertligi | (1:1) | (2:1) | (1:2) | Ca*™ | Mg?*
Oranlar1
Iletkenlik Giderimi 97 94 92 99 92
(%)
Ortalama Akim (A) 2,1 1,7 19 | 165| 31
Ortalama Potansiyel 1,41 (1,21 | 1,14 | 1,17 | 1,25
V)
Su Geri Kazanimi (%) | 91 91 91 91 89
Giris Iletkenligi 465 | 367 | 531 | 351 | 677
(uS/cm)

MCDI ile aritim sonrasi kalan Ca?* ve Mg?" sertliklerinin
mg CaCOs/ L cinsinden miktarlar1 Tablo 4’de verilmistir.

Tablo 4. MCDI ile proses suyu eldesinde aritim sonrasi
kalan Ca** ve Mg? iyonlarindan kaynaklanan sertlik
miktarlari

Ca?* + Ca?* Sertligi | Mg** T.S.
Mg*? mgCaCOs/L | Sertligi Giderim
Sertlik mgCaCOs/L Verimi
Oranlar1 %
11 <1 10 97
2:1 15 7 93
1:2 5 25 90
Ca?* 15 - 95
Mg?* - 20 93

Sonuglara gore Sekil 2’de gosterildigi gibi yaklasik (1:1)
oraninda hazirlanan ¢ozelti icin Ca®* ve Mg?* sertliklerinin
giderim verimleri sirasiyla %100 ve %93; (1:2) oraninda
hazirlanan ¢6zelti igin sirasiyla %92 ve %94; (2:1) orani
icin sirastyla %95 ve %87 seklindedir. Yalnizca Ca?* veya
Mg*? sertligi iceren ¢dzeltinin aritilmasi ile Ca?* ve Mg?*
sertliklerinin giderim verimleri sirasiyla %95 ve %93 tiir.
MCDI ile aritimda iletkenlik ilk siiriicii kuvvet olarak
degerlendirmektedir. (1:1) oraninda hazirlanan c¢ozeltide
bulunan Ca?* iyonlarinm yalnizca Ca?* iyonlarn ile
hazirlanan ¢ozeltide bulunan iyonlardan daha etkili
giderilmesi iletkenlik farkliliklarindan kaynaklanmaktadir.

. . ..
%100 Sertlik Giderimi
100
100 - 95 95
93 g7 9% 93

90 | 87

80 -
. 70
®
E 60
@ mCa
> 50 -
E = Mg
3 40 -
B
Y 30 -

20 -

10 -

0 -
11 2:1 1:2 Ca Mg
Oranlar

Sekil 2.
verimleri

Proses suyu eldesinde Ca?* ve Mg?* giderim
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3.2. Farkh Konsantrasyonlarda Ca* ve Mg*" Sertligi
Olan Sulardan MCDI ile icme Suyu Eldesi

Sertlik giderimi daha once ifade edildigi gibi suyun
kullanim alanina uygun olarak belirlenmelidir. Bu sebeple
igme suyu eldesine yonelik ¢alismalarda yaklasik olarak
300 mg CaCOs /L sertlik igeren sularm 75 mg CaCOs / L
diizeyine indirilerek yumusatilmasi hedeflenmistir.

(1:1), (1:2) ve (2:1) oraninda Ca?" ve Mg?* iyonlar1 igeren
sularm MCDI ile aritilmasinda kullanilan akim ve
potansiyel verileri Tablo 5’de gosterilmektedir. Bu veriler
ile yapilan aritim sonrasinda (1:1), (1:2) ve (2:1)
oranlarinda Ca?* ve Mg?" igeren sularin aritilmasinda
iletkenlik giderim verimleri sirastyla %77, %77 ve %71 dir.
Yalnizca Ca?* iyonu ile hazirlanan g¢ozeltide iletkenlik
giderim verimi %78 ve yalnizca Mg?* iyonu ile hazirlanan
cozeltide iletkenlik giderim verimi %73 tiir.

Tablo 5. MCDI ile igme suyu eldesinde performans
gostergeleri

Ca?:Mg?* Oranlar (1:1) | (2:1) | (1:2) | Ca*? | Mg**
lletkenlik  Giderimi | 77 77 71 78 73
(%)

Ortalama Akim (A) 1,7 150 | 2,1 1,29 | 2,7
Ortalama Potansiyel | 1,2 | 1,1 |13 |1 1,25
V)

Su Geri Kazanimi (%) | 91 91 91 91 86
Giris Tletkenligi | 465 | 367 |531 | 351 |677
(uS/cm)

Farkli oranlarda kalsiyum ve magnezyum sertligi iceren
numunelerin MCDI ile aritim sonrasi kalan Ca?* ve Mg?*
sertliklerinin mg CaCOs3 / L cinsinden miktarlar1 Tablo 6’da
verilmistir.

Tablo 6. MCDI ile igme suyu eldesinde aritim sonrasi
kalan Ca?* ve Mg?" iyonlarindan kaynaklanan sertlik
miktarlar

Ca?* + Mg*? | Ca?* Sertligi | Mg?* Sertligi T.S.
Giris mgCaCQOs/L | mgCaCOs/L Giderim
Oranlar1 Verimi

%

11 30 39 77

2:1 55 25 74

1:2 24 65 71

Ca* 54 - 82

Mg?* - 82 73

(1:1) oraninda hazirlanan ¢ozelti igin Ca?* ve Mg?* sertligi
iceren sudaki giderim verimleri sirasiyla %80 ve %74; (1:2)
oraninda hazirlanan ¢ozelti igin sirastyla %72 ve %77; (2:1)
orani igin swrastyla %78 ve %66 elde edilmistir. Sadece
Ca?" ve yalnizca Mg?" ile hazirlanan numunelerin aritilmasi
ile Ca** ve Mg? giderim verimleri sirasiyla %82 ve
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%73 tiir. Sekil 3’de de gosterildigi gibi sonuglar ultra saf su
eldesinde yapilan ¢aligmalarla uyumludur.

%75 sertlik Giderimi
100
90
80 78 82
80 " 77
72 73

70
®
E 60
F mCa
2 50
£ = Mg
3 40
32
(C]

30

20

10

0
11 21 12 Ca Mg
Oranlar

Sekil 3. Proses suyu eldesinde Ca?* ve Mg?* sertliklerinin
giderim verimleri

3.3. MCDI ile Sertlik Gideriminde Maliyet

Daha once ifade edildigi gibi sulardan sertlik gideriminde,
aritilacak suyun kullanim alani olduk¢a onemlidir. Fakat
geleneksel sertlik giderim yontemlerinde sertlik giderim
verimi  lizerinde esneklik bulunmamaktadir. MCDI
prosesiyle yiiriitiilen ¢alismalarda da goriildiigii gibi istenen
verimde aritim yapmak miimkiindiir. Bu aritim ekonomisini
acisindan da olduk¢a énemlidir. MCDI ile 300 mgCaCOs/L
sertlik igeren suyun %95 — 100 arasinda aritilarak proses
suyu elde edilmesi ile yaklasik %75 oraninda aritma
veriminde i¢cme suyu Ozelliginde su elde edilmesinde
toplam enerji sarfiyati ve toplam maliyet hesaplanarak
tabloda verilmistir.

Tablo 7. MCDI ile sertlik gideriminde enerji sarfiyatlari ve
maliyetler

Proses Suyu Eldesi
Ca®: Mg®* | (1:1) | (2:1) | (1:2) | Ca*? | Mg*
Oranlar1
Enerji 0,164 | 0,114 | 0,120 | 0,107 | 0,215
Sarfiyati
kWsa/m?3
Maliyet 0,015 | 0,010 | 0,010 | 0,009 | 0,019
$/m3

Icme Suyu Eldesi
Enerji 0,113 | 0,092 | 0,152 | 0,072 | 0,187
Sarfiyati
kWsa/m?3
Maliyet 0,01 0,008 | 0,014 | 0,007 | 0,016
$/m3

Tablo’7den goriilecegi gibi MCDI prosesi kullanilarak ayni
ozellikteki suyun farkli amaglarla aritilmasi ile farkli enerji
maliyetleri ortaya ¢ikmakta, ihtiyaca gore diisiik maliyetler
elde edilebilmektedir.

4. DEGERLENDIRME VE SONUC

Sert sular iceriginde bulunan +2 degerlikli metaller dolayis1
ile temas ettikleri ylizeylerde tahribata yol agmakla birlikte
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suyun tadindan ciddi bozulmalara da sebep olmaktadir. Bu

olumsuzluklar sebebiyle sert sularin yumusatilmasi
gerekmektedir. Geleneksel yontemler ekonomik
olmamalari, ilave  kimyasal  gerektirmeleri  gibi

dezavantajlara sahiptir. Kapasitif deiyonizasyon prosesinin
iyon segici membranlarla donatilmis bir modifikasyonu
olan membran kapasitif deiyonizasyon prosesi (MCDI)
sertlik gideriminde kullanilabilen, ekonomik, kimyasal
gerektirmeyen ekonomik yeni bir teknolojidir.

Sertlik giderimi yapilirken, aritilacak suyun ne amagla
kullanilacagi, aritim teknolojisi ve maliyet acisindan
o6nemlidir. Bu caligmada endiistriyel amagla
kullanilabilecek proses suyu iiretimi igin farkli Ca®* ve
Mg?* sertligine sahip yaklasik 300 mg CaCO3/L sertlik
igeren numuneler MCDI ile %90 - %97 araliginda aritilma
yapilarak proses suyu elde edilmistir. igme suyu eldesine
yonelik calismalarda ise ayni dzellikteki numuneler %71 -
%82 oranlarindan aritilarak basar1 ile yumusatilmustir.
Yapilan maliyet analizine gére proses suyu igin 0,01 — 0,02
$/m3 enerji maliyet olusurken igme suyu eldesi igin bu
deger 0,009 — 0,016 $/m® araliginda degismektedir.

Sonug olarak MCDI prosesinin istenen kalitede ¢ikis suyu
elde etmek igin esnek olarak kullanilabildigi ve boylece
daha diisiik maliyetlere sebep oldugu ortaya konmustur.
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Abstract

Ancient Karez has a history of millennium. Karez is underground tunnel which is constructed in ground by digging the main
well of the system and extending underground tunnel in foothills of the mountains. This system extracts groundwater to surface
by gravity without using any pumping equipment. Ancient Karez system is viable in hot, arid and semi-arid climate regions.
These systems are one of the best ways of extracting groundwater by gravity in such poor regions. Minimum slope is vital for
extracting groundwater to the surface in Karez system. In this study, the perspective of construction and maintenance of Karez
system in Afghanistan is assessed. Information related to Karez construction and maintenance is provided in order to improve
the quality of work during these processes. The Karez system cannot be used effectively if construction and maintenance
processes are not carried out properly. This will affect agricultural productions, water supply and social life in the region. Some
possible solutions are suggested for the mitigation of the risk of collapsing and extinction of Karez systems. Some
recommendations are provided to encourage the associated organizations in Afghanistan for rehabilitation of Karez irrigation

and water supply system.

Keywords: Ancient water supply, arid climate, irrigation system, Karez, Qanat.

1. INTRODUCTION

Ancient Karez is environmentally friendly and sustainable
irrigation and water supply system in rural Afghanistan.
Karez is durable and gravity-driven system with continuous
flow. Most of water supply systems including rural
infrastructures such as Karez systems have been damaged
and destroyed during the past three decades of war and civil
conflicts in Afghanistan [1]. Wars, drought and social
collapse disrupted land management and agricultural
production systems in (Khost, Paktika and Paktya provinces)
southeastern parts of Afghanistan [2]. Significant destruction
of cultural heritage occurred as a consequence of war and
civil conflict in South Central Asia and the Middle East [3].

The Karez systems irrigate about 163,000 ha of land with
6000-7000 individual Karezes throughout Afghanistan [4-
5]. The extinction of ancient Karez water supply has been
happening in all over the world. According to Hussain et. al.
[5], 60-70% of the Karezes are not in use due to drought and
low groundwater recharge. Out of total 5887 recorded
Karezes in Afghanistan only 11% (611) were identified as
being active and 89% (5276) as inactive [3]. There are

several reasons for Karez extinction [6]. The reasons for
Karez extinction are environmental and socio-economic
effects. The reason of abandonment of traditional structures
is that modern structures involve fewer amounts of work and
maintenance than traditional structures [7]. The origin of
Karez is not known, some researcher has been proposed that
the origin of Karez (Qanat) construction was in Persia more
than 2500 [8-10] or 2800 [11] or 3000 [12-16] years ago.

Karez is common water extraction technique in such regions
where surface water is not available. The initial impact of
Karez system on human-environment relations is best
examined in hot and arid regions of the world [17]. The rural
Afghan inhabitants which are living in remote regions of the
country, where rivers are not available rely upon
groundwater delivered from Karezes [18]. Location map of
Afghanistan and concentrated Karez region of the country is
illustrated in Fig. 1.

The water table is shallow in the foothills of mountains. The
flow path of groundwater can be interfered by installing the
main well of Karez in unconfined aquifer. The extracted
water from the main well can be transported to the surface
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by gravity via underground channels [19]. Constructing
Karez is difficult; however, Karez is long lasting once it is
constructed. Karez is underground conduit with a gentle
slope to transport water from an unconfined aquifer to
surface by gravity for irrigation, livestock and other water
supply purposes. Karez systems tap into subterranean water
in a manner that efficiently delivers large quantities of water
to the surface. The water is transported downstream by the
gravity in channels from a source which is typically an
upland unconfined aquifer. Karez systems allow water to be
transported over long distances without much loss via
evaporation.

The Karez systems are not well resistant to natural disasters;
e.g., earthquake and flood. There is need for risk assessment
of Karez to protect these structures from damages and
collapsing. The significant source of Karez extracted water
is melted snow water, so it can be also counted as less
polluted water source due to human contamination.
Generally, the Karez systems have been in rural areas away
from polluted city centers, thus the groundwater quality itself
might be good in terms of anthropogenic pollutions. The
Karez system could supply considerably good quality of
fresh water than most of surface water for human
consumptions. Natural treatment process occurs during the
snow melt water infiltration. There is no need for further
water treatment for many cases.
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Fig. 1. Location map of Afghanistan and concentrated Karez
region

In this study, the perspective of Karez system construction
and maintenance measures in Afghanistan are assessed.
Recommendations are provided in order to encourage the
associated organizations for taking cautions in terms of
improvement of cleaning and maintenance of these ancient
water supply systems. The objective of this study is to assist
the effective use of Karez system which maintains the
agricultural productivity and revival of socioeconomic life
beside the prevention of the accidents that cause the injuries
or loss of lives of the workers. The connection between
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migration and revival of socioeconomic life is then

discussed.

2. THEFUNCTIONS OF ANCIENT KAREZ SYSTEM
IN AFGHANISTAN

Karezes are ecologically sustainable systems with a
substantial potential in water supply in order to reduce the
negative consequences of global water deficiency especially
in the dry and arid regions [20]. Karez systems have two
main functions; which are water supply (technical) and
social [21]. Groundwater is the primary source for irrigation
and water supply in most parts of Afghanistan. Groundwater
contamination map of Afghanistan due to natural factors is
shown in Fig. 2. The groundwater of the country might be
polluted by natural contaminants such as; Arsenic, Boron,
Fluoride and Sulfate as shown in Fig. 2.

The southwestern region of concentrated Karez areas of the
country is free of Arsenic contamination except Ghazni,
Wardak and northwestern Heart province.

e [P

Fig. 2. Natural factors of groundwater contamination of
Afghanistan [22]

Sufficient water resources are not available in most regions
of the country. Inadequate water resources and unsustainable
practices of irrigation have dramatically depleted the
groundwater level and dried up Karez systems which
resulted in loss of local community control over water
resources [23]. The absence of a reliable water supply to
farmers is the most significant obstacle to food security and
agricultural development in Afghanistan [24]. Agricultural
activities without a proper water management system may be
possible in temperate humid areas; however, agricultural
activities may not be possible without a proper irrigation
system in dry regions [25]. Arid climate of southwestern and
lack of surface water is the main reason for concentrated
Karez existence in these regions of the country. The eco-
environmental water demand is provided by groundwater
due to the lack of precipitation. The groundwater is
recharged by seepage from streams, canals and fields in dry
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regions [26]. Most of rural communities in Afghanistan don’t main well is not installed in the shallowest aquifer of the
have access to tap water and there is absence of state-owned area.
irrigation infrastructures. The residents are supposed to The length of Karez is directly related to the characters of the
manage water by their own community traditions. Farmers Main well. Underground channel of Karez would be longer
in Afghanistan reserve the water of Karez in small water in case the main well is deeper. This may cause the system
storage ponds at nights and irrigate their farmlands in the not cost-effective due to the construction, maintenance and
early morning in order to minimize the evaporation losses cleaning costs of Karez which would take more time and
while growing crops during the summer and spring seasons. more labor force.
The water of Karez is shared among farmers by local
community based decisions. The owners of farmlands have The slope of terrain is also important factor for Karez’s
share by rotational basis. Generally, the time of rotation length. If the terrain is steeper the length of Karez would be
varies between 1-2 weeks. short. If the terrain is flat, so the length of Karez would be
long. The length of Karez also depends on the water table.
Main well is the source of water and provides most of the There is requirement of experimental works for
water for Karez (Fig. 3). The numbers of main well of Karez understanding the favorable slope for Karez water
should be increased during the dry periods and drought years transportation channel. Extracting water to the surface gets
to provide more water for rural communities. Installing the easier by gravity in the shallow water table. The underground
main well in the foothill of the mountains is very difficult channel of Karez should be shorter in regions with shallow
that needs experience and some knowledge about the water table. It is more difficult to extract water to the surface
groundwater route. Karez system would fail in cases the by gravity when the water table is deeper.

Main Well
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Fig. 3. A Karez cross-section and plan

The access wells are also vital as oxygen supplier to would make the system prone to collapse and dangerous for
underground Karez workers. In Afghanistan the distance Karez workers. Karez workers used oil lamps in
between two access wells is typically 30 meters, however, underground tunnels in the last decades; however nowadays
varies between 15-35 meters due to the soil structure, they use torches. The use of oil lamps in long and deep
geological and topographical characteristics of the region. underground tunnel is more imminent danger.

The distance between two access wells should not be
exceeded. Exceeded distance between two access wells
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Sometimes Karez systems are confused with natural water
springs. Some farmers expand the mouth of spring for more
water supplies, so in this situation expanded spring mouth
may look like a drinking water point of a Karez system.
There are some differences between Karez and natural
spring. Karez systems have access wells and underground
water transportation tunnel and Main well, in contrast to the
spring that does not have such components. The
transportation of water is in surface canal in natural water
springs; however, water flows in underground channel in
Karez system.

3. COMPONENTS OF KAREZ SYSTEM

The components of Karez system are; (1) main well
(Sarchah), (2) infiltration part of the tunnel, (3) water

ca ol CONT -

o

Fig. 4. A group of Karezes, a village and irrigated area in Pat pvin of Afhistn [pa oge, DitI Ibe]

Aerial view of three series of Karezes with access wells,
drinking water point and the village beside irrigated area in
Paktia province of southeastern Afghanistan is illustrated in
Fig. 4.

4. CONSTRUCTION OF KAREZ

Geographical, hydrological and topographical maps of the
site should be taken into consideration prior to the Karez
construction. The knowledge about local hydrology,
geography and topography and social conditions are
essential for applying historical and traditional structures [7].
The Karez system must be constructed away from the
earthquake fault lines and high risk regions of flood. Afghans
have used Karez systems for irrigation, livestock and
domestic water supply purposes for millennium [28]. The
reasons for Karez construction are; the absence of surface
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conveyance part of the tunnel, (4) open channel, (5) access
wells (Chah), (6) small storage pond (Hawz), (7) the
irrigation area, (8) sand and gravel, (9) layers of soil, (10)
drinking water point(Awkhura) [27]. Karez system has three
technical functions; a) water collection (underground), b)
water transportation (underground and surface), ¢) water
distribution (surface) [27].

Some major components of Karez system are illustrated in
Fig. 3. In this system the most crucial parts are: Main well,
underground channel, access wells and drinking water point
respectively. The deposit of snow in mountains is vital for
feeding the main well of the system. Most of the precipitation
occurs as snow during the winter. The accumulated snow on
the mountains melts during the spring and summer seasons.
The melted snow feeds the Karez dug unconfined aquifers.

water resources (streams, rivers, lakes), being in an
undeveloped remote region, inadequate precipitation, high
evaporation and poor financial conditions. These severe
conditions rural inhabitants of the country have forced to dig
Karez systems in their communities for getting access to
water. Karez system is constructed as the series of access
wells connected by gently sloping tunnels. Karez systems
dug and constructed by professional Karez workers
(Karezkan) with manual labor system. There are two kinds
of workers for Karez construction and maintenance; a)
Skilled Karez labors; which generally work underground, b)
Unskilled Karez labors; which usually work in surface.
Underground workers are more vulnerable to the risks of
injuries and death.

There are three types of Karez in rural Afghanistan; a) Long
Karez, b) Short Karez c) Tailed Karez [27]. Short and tailed
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Karezes are not common in Afghanistan. The most common
type of existing Karez in the country is long Karez system.
The type of Karez is selected due to geographical, physical,
topographical, hydrogeological and hydrological conditions
of a region which might be a function of the depth of water
table, soil properties and slope of terrain. The southwestern
region is covered by; conglomerates, sand, loams,
sandstones, siltstones, volcanic rocks, limestones, shales and
dolomites as shown in Fig. 5.

./ -
-
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r 2

Fig. 5. Geological map of Afghanistan [29]

The installation of main well is the most important part of
the system. There are some local experienced Karez workers
which are responsible for determination of suitable place for
main well of Karez. The most important point for
determination of suitable place for main well is to find the
shallowest unconfined aquifer for digging the main well.

The most challenging task is to install access wells on a
straight line during the construction of Karez system. The
access wells on the surface may look lined up very smoothly,
however, the underground tunnel is very uneven and
complicated. During the excavation process in underground
tunnel, in some cases Karez workers faced with big firm
rocks in tunnel due to these big firm rocks the workers
change their route. This is one to the reason of underground
tunnel unevenness. The complexity and unevenness of
tunnel make the Karez system more difficult and dangerous
for construction, maintenance and cleaning processes. The
main purpose of access wells is ventilation. The access wells
have also wvery important role during cleaning and
maintenance of Karez system. Adequate drainage system is
also important in the surface of Karez near to access wells
for protecting the Karez from flood and entry of other
contaminants.

5. MAINTENANCE OF KAREZ

The maintenance of Karez is the excavation process which is
carried out by Karez workers in order to protect the system
for sustainable uses. Sustained maintenance is crucial for
preservation of the Karez system [7]. The protection of Karez
is economic and social necessity for rural poor communities
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[30]. The cleaning and maintenance of Karez system is duty
of the concerned community, however some national and
international organizations support communities for
rehabilitation of Karez systems for a better use. Maintenance
of Karez system is crucial in order to use this water supply
system in a better way with a minimum water loss. Water
distribution in Karez system is respectively effective,
however, there is still room for further improvement in order
to minimize water losses while transportation which may
maximize the available water supply and agricultural
productions [31].

The following routines should be undertaken for Karez

cleaning and maintenance:

= Cleaning of silt and deposited debris from underground
channel,

= Opening and cleaning of access wells,

= Removing collapsed materials from underground tunnel,

= Repairing underground tunnel,

= Repairing access wells,

= Rerouting the underground tunnel where the cleaning of
tunnel is impossible and dangerous.

The team of workers for Karez cleaning and maintenance
generally comprises from four Karez workers. Two of them
generally work in underground and two of them work in the
surface. The low stability of the structure and high risk of
collapse make Karez system more difficult for further
excavation and restoration [32]. The underground workers
are more prone to risk than the surface workers are.

Clogging of underground channel in Karez due to deposited
silt is one of the biggest problems which threatening the
durability of the system. Most of the silt is dropped from the
access wells and underground channel walls to the
underground channel bed. As an alternative solution, a dry
stone masonry should be carried out in Karez access wells
and underground channel walls for protecting the
underground channel bed from clogging. Dry stone masonry
also carried out in order to maintain damaged and collapsed
access wells and underground tunnel walls. Experienced
workers are required for cleaning and maintenance of Karez.

The flow direction of water in Karez in underground channel
is from upstream (main well) to downstream (drinking water
point). The water flow in the bed of channel would help
Karez workers to transport some deposited silts from
upstream to downstream easily via water flow. Thus, the
cleaning process of Karez should starts from main well
through the drinking water point downstream. Generally the
main well of the system installs in the foothill of mountains
and extend the channel with installing access wells
downstream to the flat areas. Thus, the depth of main well is
bigger than the access wells.

5.1 Improvements of Karez Maintenance

Ancient Karez systems are locally developed systems
without any installed equipment. Locally available materials
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are used for maintenance of these systems. Stones and
timbers are available in every part of Afghanistan. Installing
stones protect the system from flood damages and help to
minimize the erosion of access wells. Installing timbers can
protect the system from collapsing during the maintenance
periods. Installation of timbers is also vital for occupational
health and safety.

There is need for conducting some field studies for

improvement of Karez maintenance practices. Therefore,

experimental work should be carried out for improvement of

Karez maintenance. There is a list of some possible

improvement opportunities for Karez maintenance:

= Capping of access wells with stone masonry and other
local available materials to protect access wells from
flood and another materials entry,

= Improvement of surface channel by pitching stones and
other local available materials,

= Capping of storage ponds with
impermeable layers.

local available

Some equipment for Karez construction and maintenance
should be provided; leather/rubber bucket (Salwargha),
string, wheel and pulley, wheel barrow, pick, shovel,

Academic Platform Journal of Engineering and Science 7-3, 347-354, 2019

sledgehammer, torches etc. Leather/rubber bucket is locally
available and use for cleaning the Karez system.

The weight of leather bucket with wet debris varies between
40-50 kg. Generally the shape of leather bucket is circular
truncated cone. In most cases the dimensions of the leather
bucket are; d1=0.15m, d2=0.35m, h=0.50 m. The capacity of
leather bucket can be calculated as 30 liters.

The team of Karez workers consists of four Karez workers.
Two of them work on the surface and two of them work
underground. The duty of each worker is as follows; in
underground channel, one of the workers is responsible for
excavation and the other one is responsible for excavated
material delivery to the surface. In surface, both of the
workers are responsible for extracting the excavated
materials by pulley from tunnel to the surface. Two of leather
buckets are generally used in construction and maintenance
process.

6. KAREZ OPERATIONS

Ancient Karez is a system of many advantages; however,
there are some Karez related problems. Some Karez related
problems and possible solutions are provided in Table 1.

Table 1. Karez related problems and suggestions for possible solutions

Problems

Possible Solutions

Insufficient water flow

Extend the number of main wells,
Clean and maintain the system periodically

Losses of water from storage ponds

Store the water during the nights to avoid evaporation losses and use it during the
day for irrigation and water supply purposes

Conflict  between upstream and

downstream stakeholders

Share Karez water between upstream and downstream users fairly

Water losses in surface channel by
evaporation and infiltration

Impermeable layer should be installed under the surface channel for infiltration
losses,
Farmers should try to irrigate their farmlands in the early morning

Extinction of Karez systems

Prevent drilling deep wells,
Educate new generation about the importance of these ancient systems,
Train professional Karez workers for Karez maintenance

Difficulty and danger of Karez system.
A  contamination of  geological
formation and in some cases microbial
contamination from snakes and reptiles

Train the Karez workers about occupational health and safety, use occupational
safety equipment.
Maintain the system seasonally and periodically

Prone to collapse and damage

Protect the system from collapsing and damages by installing local available
materials (timber and stones)

Reduction in discharge in consequence
of depletion of unconfined aquifer

Prevent drilling deep wells in concerned areas

Cleaning and maintenance cost

Use locally available materials in access wells of Karez to minimize the effects of
erosion

7. ADVANTAGES OF KAREZ SYSTEM

Karez is the system of extracting groundwater to the surface
without using any equipment. Karez systems should extract
water with good quality than most surface water qualities,
which allows community to manage these water sources for
different purposes.
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The list of some highlighted advantages of this ancient water

supply system is given below.

= Saving energy; there is no need to any energy-required
equipment.

= Low carbon footprint; there is no need for any fuel
consumption.

= Efficiency; Transportation of water without any
evaporation losses and minimum infiltration rate.
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= Convincing water quality; the extracted water is free of
atmospheric hazards.

= Natural treatment of water during infiltration process; the
transportation occurs mostly in underground tunnel.

= Sustainability; Durable and continuous flow, some
amount of water is always available even in dry periods.

= No depletion of water table; there is no excessive usage
possible. This makes the Karez system more sustainable
than other groundwater extraction systems such as pump
equipped wells which may deplete water table.

= Sufficient consumption of water without paying any
water related bills.

= Suitable and viable tool for irrigation, livestock and water
supply remote regions for undeveloped countries.

= Provides solidarity in social life; common sense of
belonging to a concerned community.

= World heritage in peaceful water management.
Traditional community-based water management
system.

= Inexpensive maintenance.

8. KAREZ AS A TOOL OF INCOME FOR RURAL
WORKERS

In Afghanistan adult men of rural families are responsible to
work and earn money for their family members. They
usually work in their own farmlands and other farmlands for
earning money. Many local workers in rural areas of the
country have to work for low wages. There would be a good
opportunity for rural workers to support agricultural
production by operating this ancient water supply system.
Due to the low wages in rural areas, rural workers have to
migrate to the urban areas of the country and also to foreign
countries for better employment opportunities. The operation
and new construction of traditional hydraulic structures can
be an option to employment opportunities for rural workers
and it will reduce the migration rate from rural to urban areas
[7]. The surface water resources are not sufficient for
irrigation, livestock and domestic water supply purposes in
most part of the country. The scarcity of water resources,
rural inhabitants of the country forced to rebuild and
maintain the ancient Karez system for sufficient water
supply purposes. Afghanistan is an agricultural country and
most of the agricultural productions come from irrigated
agriculture. Thus, sufficient water is crucial for agricultural
activities. In recent years migration is an internationally
overwhelming issue. Afghans are currently ranked the
second largest refugee nation with 2.5 million refugees after
Syrians [33]. Creating employment opportunities in
agriculture sector especially in rural areas might decrease the
rate of Afghan refugees.

9. CONCLUSIONS

The local community is responsible for Karez system
rehabilitation without getting any help from the central
government. The central government and other international
organizations should give some funds for rehabilitation of
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these ancient water supply systems and implement some
projects in rural areas of the country. Thus, for creating such
employment opportunities in rural areas of the country the
rate of migration from rural to urban and foreign countries
should be decreased.

The construction of new Karez systems may not be cost-
effective, but the rehabilitation of existing Karez systems
should be. The rural communities may rehabilitate the
existing Karezes rather than constructing of new Karezes.
Most of the Karezes are under the threat of extinction
throughout the country. Further field projects should be
carried out to discover the best rehabilitation practices for
Karezes in order to revitalize these ancient systems
countrywide.

There are no adequate fruit storage facilities in most of the
rural areas. Most of the fruit and other vegetable crops are
not stored in these regions due to the absence of storage
facilities. Therefore, the locals are forced to sell their
products under real market value. Karezes can be used as
cooling storages for those crops in such regions.

As a result of field experiences and general evaluations, the

following suggestions are given in order to manage the Karez

systems properly:

= There is need for “Ancient Water Infrastructure
Conservation Union” in governmental organizations
which they should be responsible for Karez systems
rehabilitation. Proposed union may create detailed fit-
for-purpose guidelines for the construction, maintenance
and rehabilitation of Karez systems. Union may also
work as extension center in order to educate occupational
health and safety measures to Karez workers.

= Artificial recharge applications such as; managed aquifer
recharge, rainwater harvesting and aquifer storage and
recovery should be carried out in areas where Karez
systems are not able to supply sufficient water for rural
communities.

= The government and associated organizations related to
water resources management should prioritize the
rehabilitation of Karez system rather than constructing
new water supply infrastructures, especially drilling deep
wells. Deep wells do not only frustrate the solidarity of
community due to the unfair use of water by limited
people instead of whole community as the exploitation of
the source, these deep wells mostly exacerbate the
condition of water potential for the Karezes.

= Migration is currently one of the top global issues and a
very important challenge for both regional and global
scale. The employment opportunities are very limited in
rural Afghanistan, which substantially depend on
agricultural activities. Good management practices of
Karez systems in the country would increase water
availability for livestock, domestic uses and agricultural
activities. Thus, creating employment opportunities in
rural areas of the country would be a part of solution for
migration problems.
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Abstract

There is a huge interaction between users of various social media platforms. This communication produces enormous amount of
user data worth to be analyzed from numerous aspects. One of the research area emerging from the user data is a major security
issue known as cyberbullying. Since this problem has been recognized as the source of cybercrimes, design of a system to detect
cyberbullying attacks/sources through the micro-blog texts is evident. Most of the academic search of this topic has been
conducted in English language. The originality of this paper is that we develop an accurate cyberbullying detection system for
Turkish language. We used data from Twitter to develop a supervised machine learning model on top of Bayesian Logistic
Regression whose parameters are tuned with the use of grid-search algorithm. Since the text data produces a high dimensional
training space for machine learning algorithms, we also used Chi-Squared (CH2) feature selection strategy to obtain best subset
of features. The optimized version of the proposed algorithm on top of reduced feature dimension has produced an f-measure
value of 0.925. Finally, we also compared the results of the proposed algorithm with the frequently used machine learning
methods from literature and we provided the corresponding results in related sections.
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Grid Aramayla Optimize Edilmis Bayes Lojistik Regresyon Algoritmasinin Tirkce
Mikro Blog Verilerinde Sanal Zorbalik Tespitinde Kullanilmasi

'Akin Ozgift, 2Deniz Kiling,**Fatma Bozyigit
Oz

Internet kullanicilar1 ve sosyal medya platformlar: arasinda biiyiik bir etkilesim vardir. Bu etkilesimin sonucu olarak ortaya ¢ikan
devasa boyutlardaki kullanici verileri birgok yonden incelenmeye degerdir. Kullanict verilerini baz alarak ortaya ¢ikan aragtirma
alanlarindan birisi de 6nemli giivenlik problemlerinden biri olan siber zorbaliktir. Bu sorun, siber suglarin kaynagi olarak kabul
edildiginden, mikro-blog metinleri {izerinden siber zorbalik saldirilarini/kaynaklarini tespit etmeyi hedefleyen bir sistemin
tasarimi dnemli bir konudur. Bu alandaki akademik ¢alismalarm birgogu Ingilizce dilinde yazilmis metinleri ele almaktadir. Bu
caligmanin 6zgiinliigli Tiirkge metinlerde yer alan sanal zorbalik 6gelerini en dogru sekilde tespit edebiliyor olmasidir. Bu
amacla, Twitter’dan toplanan kullanici twitleri iizerinde parametreleri Grid Arama Algoritmasi ile belirlenen, Bayes Lojistik
Regresyon denetimli 6grenme algoritmasi kullanilmistir. Metin verilerinin makine 6grenmesi algoritmalar i¢in yiiksek boyutlu
bir egitim alan1 olusturmasi sebebi ile Ki-Kare 6zellik se¢im stratejisi kullanilarak en belirleyici 6zelliklere karar verilmistir.
Sonug olarak, ¢alismamiz 6zellik sayisinin minimum hale getirilmis versiyonu ile, 0.925' lik bir F-6lgiim degeri tretmistir.
Onerilen yontemimizin sonuglart literatiirde sik¢a kullanilan makine 6grenme yontemleri ile karsilastirilmis ve ilgili boliimlerde
sonuglari paylasiimistir.
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1. INTRODUCTION

The popularity and widespread usage of social networking
sites have generated user interactions without geographical
location and physical limitations. Any user may be part of a
social group and he/she may find opportunities to
communicate freely. The result of this interaction is a
dynamically growing data which is worthy to be analyzed
from different perspectives [1,2]. From cyber-crimes
perspective, a few research areas emerging from the
mentioned user data are spamming, phishing, malware
spread, and cyberbullying [3].

Cyberbullying is defined as “the use of information and
communication technology by an individual or a group of
users to harass other users” [1,4]. A traditional bully attacks
his/her victim before a group that increases the adverse
negative effects. In case of cyberbully, the victim is harassed
before social groups having enormous number of users.
Unfortunately, the social media (e.g., Twitter, Instagram and
Facebook) has got innumerable harmful openings from
cyber-crimes perspectives [5]. An evaluation of the negative
effects of “cyberbullying” highlight that the adverse effect of
cyberbullying intensifies with public attacks which is a
characteristics of social media [6].

In this context, detection of cyberbullying is an important
task to restore the negative results or to prevent the attackers
to continue bullying. In other words, being one of the sources
of cyber-crimes, design of an intelligent system to discover
cyberbullying attacks/sources evolving from social media
texts is evident [7].

Intelligent systems are used in numerous domains to
automate language processing tasks. In particular, since the
user generated data from many social media resources is
dynamically increasing in amount, manual investigation of
this huge data is impossible. Machine Learning (ML)
algorithms are promising solutions to this problem. In the
literature, there are many studies conducted on the design of
ML systems to detect cyberbullying. However, most of the
research is particularly conducted on English language. In
this research, we develop an intelligent system to detect
cyberbullying attacks on Turkish Twitter data. This work is
among the first studies that handles cyberbullying problem
through an intelligent system. We therefore first give a brief
survey for the most recent English language (or other
languages such as Dutch and Spanish) cyberbullying
detection systems and then we are going to evaluate Turkish
related literature.

The most frequent ML algorithms used in cyberbullying
domain are Support Vector Machine (SVM), Naive Bayes
(NB), Random Forests (RF), J48 (Java version of C4.5
algorithm), K-Nearest Neighbour (KNN) and Neural
Networks (NN) [8]. One of the recent studies in this domain
has been conducted by Cynthia Van Hee et all [9]. The
authors made use of SVM algorithm on top of Bag of Words
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(BOW) model applied to data collected from ask.fm social
media [10] in Dutch language. They obtained F-measure
value of 55.39%. Another study evaluating a fuzzy-rule
based system applied to myspace [11] dataset has produced
F-measure value of 91% [12]. In work [13], a NB method
has been applied to social media data and the researchers has
obtained an average accuracy of 86%. One recent work that
has evaluated a NN model on their data and they obtained
87.3%, 89.4% in terms of precision and recall [14]. In their
study, Qianjia Huang et. al. [15] used J48 and SVM
algorithms and obtained 62.8% and 70.3% F-measures to
classify cyberbullying data.

In case of Turkish language based cyberbullying studies
there are only one public dataset collected by Bozyigit et. al
[16]. The authors have used Twitter as data source and
produced a TurkishCyberBulling sample Turkish dataset for
cyberbullying detection problem. To the best of our
knowledge there are only two studies that use the mentioned
dataset to develop a supervised ML model to detect
cyberbullying in social media. The first study that uses a
newly collected Turkish Twitter dataset to differentiate
cyberbullying text from non-cyberbullying text has been
conducted in [17]. The researchers have developed a system
based on Information Gain (IG) feature ranking method and
KNN ML algorithm. The proposed system produces an
accuracy of 84% in terms of F-measure. They also have
experimented J48, NB and SVM in their study and the
mentioned algorithms have produced 54%, 81%, and 74% in
terms of F-measure. The second study in Turkish
cyberbullying domain has been conducted in [16]. In their
study, the authors evaluated a wide range of the algorithms
such as SVM, NB, RF, KNN, Bagging, and J48
correspondingly. Before evaluating the algorithms, they
applied 1G feature ranking to decrease the dimension of
feature space while eliminating irrelevant words. After
feature selection, the performance of the algorithms in terms
of F-measure have been obtained as 91%, 89%, 88%, 88%,
86%, and 73% respectively.

In our study, we used Turkish Twitter data to develop a
supervised machine learning model on top of Bayesian
Logistic Regression whose parameters are tuned with the use
of grid-search algorithm. Since the text data produces a high
dimensional training space for machine learning algorithms,
we have used Chi-Squared (CH2) feature selection strategy
to obtain best subset of features. The parameter-
tuned/optimized version of the proposed algorithm on top of
reduced feature dimension has produced an F-measure value
of 92.5% higher than the performance conducted in [16].
Finally, we also compared the results of the proposed
algorithm with Naive Bayes (NB), Support Vector Machine
(SVM), C4.5, Random Forest (RF) and we provided the
corresponding results in Section 3.

This work provides three main contributions: i) To the best
of our knowledge BLR algorithm has been used the first time
in cyberbullying domain, ii) Parameter-tuning concept is
first time evaluated in this particular topic and finally iii) The
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proposed method increases cyberbullying detection accuracy
1.5% compared to SVM algorithm used in [16].

2. MATERIALS AND METHODS
2.1. Dataset

TurkishCyberbulling dataset [16] consisting of 3000 twits,
which are marked as cyberbullying and non-cyberbullying,
is used in order to test proposed approach. Fifty percent of
the twits in the data set are tagged as positive (including

Data
Preprocessing

Twitter Data II .
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cyber bullying) and the other half is tagged negative (without
cyber bullying).

2.2. Proposed Architecture

The architecture of the proposed cyberbullying detection
system is given in Figure 1. The system consists of four
components and the function of each module is explained in
related sections.

Classification
Algorithms

Feature
Engineering

Classified
cyberbully
context

Figure 1. General architecture of the proposed model

As a brief explanation based on Figure 1, the overall system
ingests raw Twitter data. Raw data is then pre-processed to
increase its quality. Dimension (i.e., 11,534 words) of pre-
processed data is then decreased with the use of CH2 strategy
and 579 words are obtained. The parameters of BLR
algorithm is tuned with the use of grid-search parameter-
tuning. As the last step, the prepared dataset is evaluated with
tuned BLR algorithm on top of 10-fold Cross Validation
(CV). In the following sections, we explain each step of the
proposed architecture in detail.

2.3. Data Preprocessing

In this part, a series of preprocessing steps are applied to
improve the data set used. Accordingly, non-letter
characters, unnecessary website links, and punctuation
marks are cleared and all characters are converted to
lowercase.
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Although there have been studies for the detection and
correction of spelling errors for Turkish language, it is seen
that they do not perform well. So, we develop an application
to normalize tweets including misspelled words. We first
create a list of correctly spelled terms related to
cyberbullying. Then, we calculate the proximity between the
terms in the cyberbullying list and input query. Finally, the
misspelled word is normalized considering the alternative
correct spelling regarding the value of proximity. The pseudo
code of normalization process is shown Figure 2.

Input:
CL: Cyberbulling list

ut: the word in the user tweet
x: the number of characters in the tweet
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Algorithm:
For each word w in CL Do

y = number of the characters in the w
create D matrix including x rows and y columns
From i=0 To x Do

D/[0i]=i
End For

From j=0 Toy Do

Dfoj=j
End For

From i=0 To x Do
From j=0 Toy Do

Ifw=ut

c=1
Else
D [i, j] = Minimum {{D [i-1, j] + 1,

D[i,j—1]+ 1, D [i-1, j-1] + ¢}

End If

End For
End For

distance = D[x-1,y-1]
max = Maksimum {x,y}
similarity = (max — distance)/ max
If similarity > 0.8

ut = word
End If

End For

Figure 2. Pseudo code of preprocessing
2.4. Data Representation and Feature Engineering

Automated text analysis requires the data to be represented
in a suitable form that may be handled by ML algorithms. In
this context, Bag of Words (BOW) representation is used to
model the text as an unordered collection of its words. In
other words, the texts are represented as frequency of the
words they contain. The words and their corresponding
weights form the mentioned BOW representation. However,
the term frequency BOW representation has a “term weight”
problem. More clearly, highly frequent terms in Turkish
(“sey (thing)”, “o (that)”, “bu (this)”) may dominate the
model without containing discriminative information
content. One solution to this problem is known as Term
Frequency-Inverse Document Frequency (TF-IDF) that
rescales word frequency to eliminate domination of
irrelevant terms [19]. Having the data pre-processed and
represented as TF-IDF BOW model, another key problem
arises to be solved before ML methods applied. In particular,
another major problem in text mining field is the high
dimensional nature of the data. In more clear terms, BOW
model representation generates a high dimensional data
model having thousands of terms. A major effect of this high
dimensional data on ML algorithms is that redundant or
irrelevant terms (i.e. features) in feature space reduces
accuracy of the algorithms. This problem is solved with the
use of various Feature Selection (FS) strategies [20]. The
three other benefits of FS are following: (i) better model
understandability, (ii) increase in the generalization
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capability of the model and decrease in over fitting risk and
(iii) reduction of computational cost in terms of training and
execution time [21]. There are mainly three approaches of
FS strategies: (i) Filter Approach. The frequently used
methods in this group are IG, CH2, and Correlation Feature
filtering (CF). The methods make use of a metric such as
correlation, entropy, and mutual information to obtain the
most valuable feature subset (terms in text mining domain).

In particular, CH2 filtering approach controls independency
between two events. In terms of terms and cyberbullying
classes, the filter tests the occurrence of specific word and
occurrence of a cyberbullying class to be independent or not.
The rank of selected terms is calculated with Equation 1.

(Netec - Eetecz)

x*(D,t,c) =
Eetec

et€{1,0} ece{1,0}

@)

where et and ec are defined as in Equation 1. N is the
observed frequency in D and E the expected frequency.

The other two approaches of FS algorithms are wrappers and
embedded strategies. For the details of the two methods the
reader is referred to [20] which is an extended survey.
2.5. Baseline Machine Learning Algorithms and
Bayesian Logistic Regression Method

After the pre-processing and feature selection steps are
utilized, some baseline machine learning algorithms, which
are commonly used to classify the textual data, are
implemented in the first part of this section Then, BLR
algorithm which has been used the first time in cyberbullying
domain is executed on the dataset. These methods are
described as following.

Naive Bayes (NB)

It is a frequently used statistics-based supervised learning
algorithm based on Bayes' theorem [22]. In NB algorithm,
the classification of text documents is implemented by
calculating the conditional probabilities on the education
dataset. The main advantage of the NB is that it is easy to
implement and it performs well on classification problems.

In our study, we experiment Multinomial NB classifier
having default value of parameters which provided by scikit-
learn library.

Support Vector Machine (SVM)

It is a classification algorithm based on statistical
information theory and basic risk minimization. In SVM
method, an unlimited number of hyper planes are created to
group the samples in the dataset and the most suitable one of
these is selected [23]. The advantage of this method is that it
can cope with over-fitting. We set the regulation parameter
(C) as 1 and kernel as polynomial. Also, the degree of the
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polynomial kernel function (‘poly’) is set as 3 which is
default value in Phyton.

K Nearest Neighbor (K-NN)

It is an instance-based classification algorithm which does
not have a training phase [24]. In the K-NN algorithm, the
input consists of the k closest neighbor sample with certain
tags in the feature space. We set the value of k as 1 in our
study. The distance between the samples can be calculated
using different metrics such as Euclidean, Manhattan,
Minkowski, and Hamming. We measured the distance
between the neighbor samples calculating Euclidean
distance which is the most commonly preferred one. The
advantages of this method are that there is no training phase
and it can handle noisy data.

C4.5

It creates a decision tree on the current training set and
estimates which class the input data belongs to [25]. This
method generates a decision tree by selecting the properties
have the most discriminating characteristics of the sample
items. The advantages are that it can identify distinctive
features, make inference for estimation, and succeed in
training sets with lost data.

Random Forest (RF)

It is a supervised learning method in which many decision
trees are available. First of all, the properties of the samples
in the data set are randomly selected and decision trees are
created [26]. Then, the training data is designed to form each
decision tree. The RF is created by bringing all the trees
together. The classification process is carried out by voting
of the trees in the RF and the class with the most votes is
returned as a result. This classifier can manage large volume
data and work efficiently.

In our study, we experiment RF classifier having default
value of parameters which provided by scikit-learn library.

Bayesian Logistic Regression (BLR)

The linear logistic regression is a classification model that
aims to predict a target attribute considering one or more
predictor attributes. Bayesian model has three basic steps as
following (i) setting prior probabilities of parameters, (ii)
deciding the marginal likelihood of sample data, (iii) and
using Bayes theorem to specify the posterior distribution of
the parameters. BLR model finds out the non-linear relation
between the predictor attributes and the target attribute
applying Bayesian model [27]. The following formula
calculates the posterior probability of an instance in a
specific class with the integration of conventional logistic
function.

1
p=
(I+expb+wyxc+ X1, w; X f(a)

)
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where, ‘@i’ specifies the predictor attributes, ‘C’ is the prior
log odds ratio the ‘b’ is bias and wg-w; are that weights
calculated after training, and the ith attribute ai is utilized to
compute the feature f(ai). In general, the default prior is used
as univariate Gaussian having mean ‘0’ (zero).

BLR algorithm is implemented using the methods in Weka.
Though the algorithm has many parameters, the most crucial
ones affecting the performance are maxlteration, priorClass,
and threshold. In this study, these parameters are tuned with
the use of grid-search parameter-tuning which is a brute
force method to estimate the hyperparameters [28]. It works
in an iterative way and attempts to find the best set of values
for the parameters. The grid points (range) for the parameters
are experimentally specified as shown in Table 1.

Table 1. The grid points of grid search parameters

Parameters Min-Value | Max-Value | Step-Size #  of
Steps

maxlteration | 10 100 10 10

priorClass Gauss. Lap. 1 2

The results of the grid-search are obtained as threshold =0.5,
priorClass= Gaussian and maxIteration=100. We run BLR
algorithm with default parameters (BR1) and with grid-
searched parameters (BR2). The results of the experiments
are given in the following section.

3. MATERIALS AND METHODS

In this section, various pre-processing methods, feature
extraction and selection processes on TurkishCyberBullying
[16] dataset, and then the widely used classification
algorithms are applied to determine cyberbullying.

The evaluation results of each machine learning method are
obtained with the use of 10-fold cross validation. The results
of the classifiers are evaluated with F-measure criterion.
Overall results of the experiments are given in Table 2.

Table 2. Evaluation results of the experimented methods

ML Precision Recall F-measure
Algorithm

NB 0.742 0.723 0.732

SVM 0.913 0.914 0.913
K-NN 0.875 0.864 0.869

C4.5 0.738 0.725 0.731

RF 0.887 0.879 0.887
BLR1 0.924 0.922 0.922
BLR2 0.929 0.925 0.925

3.1. Evaluation Metrics

F-measure (Fm) metric is calculated based on confusion
matrix outcomes. In other words, Fm is calculated with the
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use of true positive (TP), false positive (FP), true negative
(TN), and false negative (FN) outcomes. A TP is a result
where classifier correctly predicts the positive label. And
similarly a TN is a result of the classification if the algorithm
predicts the negative label correctly. FP is the case where the
classifier predicts negative class as positive. The last
confusion matrix term, i.e. FN, is the prediction of positive
label as negative.

The precision in terms of TP, FP, TN is calculated with the
Equation 3.

TP
TP + FP

®3)

Precision (Pr) =

Similarly, recall is calculated with the use of Equation 4.

BLR1

F-Measures

0,95

BLR2

SVM RF K-NN NB
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TP
Recall (Re) = TPTFN (4)

In order to calculate the accuracy of the proposed model, the
harmonic mean of the precision and recall values are
obtained and the F-measure is calculated according to the
equation given in Equation 5.

_ 2(Pr xRe)

Fmeasure - PI'+ Re (5)

The best results of the classifiers in detection of

cyberbullying are summarized in Figure 3.

c4.5 Classifiers

Figure 3. Performance comparision of the experimented methods

Considering the evaluation results of the experimented ML
algorithms, it is obviously seen that SVM and RF has better
performance scores than the current studies in the literature.
Comparision of results is presented in Table 3.

Table 3. Evaluation results of the experimented methods

[16] [17] Our Study
SVM 0.91 0.74 0.913
NB 0.89 0.81 0.732
RF 0.88 Not 0.887
experimented
KNN 0.88 Not 0.869
experimented
Bagging | 0.86 Not Not
experimented experimented
C45 0.73 0.54 0.731
BLR1 Not Not 0.922
experimented experimented
BLR2 Not Not 0.925
experimented experimented

4. CONCLUSION

Social networking applications and corresponding user
interactions are the new source of cyber-crimes. Automatic
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detection of the cyberbullying sources is an important
research field. Since the data related to cyberbullying-like
risk increases in size, automatic detection of such threads
need machine learning algorithms in charge. In this study, a
grid-search parameter optimized BLR algorithms is applied
to newly collected Turkish cyberbullying dataset and the
experimental results have shown that the propped algorithm
on top of CH2 feature filtering is precise enough to detect
cyberbullying. The result of the optimized BLR is superior
to the widely used ML algorithms in the literature. As a
future work, we will experiment the combination of various
ML algorithms to improve cyberbullying detection
performance.
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Tarihin ve Istanbul’un en 6nemli yapilarindan biri olan Ayasofya ge¢mis yiizyillardan bugiine varligini koruyarak gelmistir.
Tarihi siirecte farkli kiiltiirlere ev sahipligi yapan Ayasofya hem dogal hem de insan kaynakli tahribatlara ugramistir. Giiniimiizde
varligint miize olarak devam ettiren bu yapinin zemininde gozlemlenen catlaklarin durum tespiti amaciyla miizede, ¢aligma
alanlarina tahribat birakmayan yeralti radart (GPR) teknigi uygulanmistir. Penetrasyon ozellikleri dikkate alinarak farkli
frekanslara sahip antenler kullanilarak galeri kat1 giiney kanadi cennet kapisi oniinde ¢alisma gergeklestirilmistir. Bu ¢alismalar
dogrultusunda hem ¢atlaklarin tespiti hem de zayif bolgelerin durumlari tespit edilmesi hem de ince ¢atlaklarin ana ¢atlaklar ile
baglantisinin durumu arastirilmistir.  Ayasofya Miizesi’nde galeri katinda gerceklestirilen yeralti radar jeofizik ydntemi
calismalar ile Ust galeri katindaki catlak tipi deformasyonlarin durumu arastirilmistir. Radargramlarin zemindeki catlak ve
¢okmelerle birebir uyum sagladigr anlagilmistir.

Anahtar Kelimeler: Yeralti radar1 (GPR), Ayasofya, Catlak

Investigation of Floor Surface Deformation of Hagia Sophia Museum with Ground-
Penetrating Radar (GPR)

*!Efecan Belce, 2Tolga Bekler, ®Yunus Can Kurban, Cahit Caglar Yalginer

Abstract

One of the most important structures in history and in Istanbul of Hagia Sophia has survived for centuries to reach the present
day. Housing different cultures during the progress of history, Hagia Sofia experienced both natural and human-sourced
destruction. Currently acting as a museum, the non-destructive ground-penetrating radar (GPR) technique was applied to the
study area in the museum with the aim of identifying fractures observed in the floor of the structure. Antennae with different
frequencies were used noting the penetration features with studies completed in the south wing of the gallery floor in front of the
Marble Door. In line with this study, identification of both fractures and the status of weak sections and the links between fine
fractures with main fractures were researched. Crack type of deformations at the gallery floor was investigated by the ground
penetrating radar monitoring. Results indicate that the radargrams strongly reflect those cracks and are compatible with some of
collapse on the floor.

Keywords: Ground-penetrating radar (GPR), Hagia Sophia, Fractures
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1. GIiRiS

Gecmisten giiniimiize varligini koruyarak gelen biiytlik
yapilar gecmis tarihin izlerini bugiinlere tagimakla beraber
onceki ylizyillarda ortaya konan mimari, sanat ve
miihendislik anlayiglarini bugiiniin bilim insanlarina da
aktarmaktadir. Kiiltiirel ve tarihsel dokulariyla bulunduklart
iilkelere ve sehirlere gerek bilimsel olarak da deger
kazaniran bu yapilar giiniimiizde varliklarini siirdiiriip
gelecek nesillere de 151k tutup deger katmasi amaciyla
giiniimiiz mithendislik ve mimari anlayislariyla giiclendirme
ve restorasyon iglemlerine tabi tutulmaktadir.

Gilintimiizde varligin1 devam ettiren énemli yapilardan biri
de iilkemiz sinirlar1 icinde Istanbul’da bulunan Ayasofya
Miizesi’dir (Sekil 1). Ayasofya geligen tarihsel siirecte kilise,
cami ve simdiki haliyle miize olarak yerini almistir. Manevi,
mimari ve miihendislik bakimindan ¢ok biiyiik 6nem arz
eden Ayasofya Miizesi tarihsel siirecte ayaklanmalar,
savaslar, yanginlar, depremler, firtinalar gibi dogal ve insan
kaynakli bir¢ok hasara maruz kalmustir.

Sekil 1. Ayasofya Miizesi dis goriiniimii [1]

Ayasofya miizesinin ilk yapimi 4. yiizyilin ilk yarisinda
baslandig1 varsayilmaktadir [2]. Insa edilen ilk yapidan sonra
siire¢ boyunca ayaklanmalar ve yanginlar neticesinde yikilip
tekrar insa edilmistir. Giinlimiizde mevcut bulunan bu
gorkemli yapinin ingast 537 yilinda tamamlanmstir [3].
1453'te Istanbul'un fethi ile birlikte cami olarak kullanilmaya
baglanan bu yapiya Mimar Sinan tarafindan payandalar insa
edilmistir [4]. Bu payandalara ek olarak Mimar Sinan
yapidaki deformasyonlari 6nleme amagli, galeri tabaninin
yik tastyict elemanlarint metal ve ahsap Kkirislerle
desteklemistir [4].

1930'larda ise Fossati kardesler, 6zellikle ana kubbenin
restorasyon ve giliglendirilmesini tamamlamistir [2]. Mimar
Sinan'in takviyesinden sonra Ayasofya'da herhangi bir yikim
olduguna dair bir kanit bulunmamakta olup, ancak bdlgenin
tarihi kayitlarinda ¢ok sayida deprem kaydedilmistir. Halen
yogun olarak ziyaret edilen Ayasofya Miizesi’nde, dzellikle
galeri tabanindaki deformasyon ve zeminde ki c¢atlaklarin
varlig1 dikkat cekmektedir.
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Giliniimiizde varligiyla 6nem arz eden Ayasofya galeri
zemininde goriilen catlak ve deformasyonlarin yapinin ig
kisimlarina bir zarar1 olup olmadigini ve giincel durumlarini
inceleme amaciyla, restorasyon calismalarinin bir parcasi
olarak yiiksek frekansli GPR (Ground Penetrating Radar-
Yeralt1 Radar1) ol¢timleri gerceklestirilmistir (Sekil 2). Bu
Olciimler 15181nda belirlenen galeri kat1 giiney kanadi cennet
kapis1 oniinde bulunan bolgede farkli frekansli antenlerle
jeofizik ¢alisma yapilmistir.

Sekil 2. Ayasofya Miizesi galeri kat1 ¢alisma sahasi1 (biiyiik
sar1 alan) genel goriiniimii ve detay Olglim alani (dairesel
alan) ve mevcut yiizey catlaklar

2. MATERYAL VE YONTEM

2.1. Yeralt1 Radar1 Yontemi

Yeralti radart (GPR) yontemi gomiilii cisimlerin tespitini
belirleme amagli kullanilan, g¢alisma alanlarina tahribat
vermeyen si1g jeofizik bir miihendislik yontemidir. Ayni
zamanda yiiksek frekansli goriintillemeye de imkan veren ve
temeli elektromanyetik yontemlere dayanan bu yontem yere
temas eden antenin yere verdigi elektromanyetik dalgalarin
seyahati boyunca gegen siirenin anomali degisimlerini
inceleyerek yeraltinda ki yap1 veya unsurlarin anomalileri ile
o lokasyon hakkinda bilgi tespitini saglamaktadir.

GPR yontemiyle, varligt bilinmeyen gomiilii yapilari
ve/veya bozulmalart tanmimlamak miimkiindir [5]. GPR
yontemi, zemine gonderilen yiiksek frekansli radar
sinyallerinin  iletimi ve almi arasindaki siireyi
aragtirmaktadir  [6].  Yiizeydeki antenlerin  Ol¢lim
lokasyonuna elektromanyetik darbeler ileterek ve daha sonra
sinyal gonderene kadar ve yiizeyden geri donene kadar (iki
yonlii seyahat siiresi olarak adlandirilir) gegen zamani lgen
yontemdir [7]. Yontemin sematik gosterimi Sekil 3 de ifade
edilmistir.
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Alic1 Anten

W Rx
>

Verici Anten

Hava Dalgasi
(Dogrudan Gelen Hava Dalgasn)

Yerviizii

Yansiyan Dalga

Sekil 3. Yeralt1 radart sistemindeki antenlerin sematik
gosterimi (Tx: Verici Anten, Rx: Alic1 Anten) [8]

Farkli materyallerde ki gegisler ve / veya yansima hizindaki
degisiklikler, radar  sinyallerinde  farkli  yansima
amplitiidlerine neden olur. GPR sinyalinin vericiden ayrilma
ve alic1 tarafindan alinma siiresi hiz ile ilgilidir ve derinlik
kesitleri olusturabilir [9]. Yontem bir anomali elde etmek
icin tiim izleri kaydeder. Bir hattaki yiizlerce veya binlerce
iz ile GPR profili farkli 6l¢tim araliklarinda (1-50 cm) kayit
yapar ve sonu¢ olarak 2 boyutlu profil olusturur. Paralel 2
boyutlu profillerin gridlenmesiyle, yeralti zelliklerini en iyi
temsil eden 3 boyutlu bir goriintii elde etmek miimkiindiir
[5,9]. Bu goruntiileri en dogru sartlarda tespit edebilmek igin
calisilan alanin durumuna uygun ve aranan materyalin tiiriine
gore GPR sistemine uygun anten se¢imi dnem tagimaktadir.

2.2. Ayasofya Miizesi Galeri Kati GPR Calismalar:

Yeralt1 radar1 (GPR) ¢alismalarini etkileyen iki ana unsur
bulunmaktadir. Bunlardan biri, dogru anten sisteminin tespiti
ve tespit edilen antenle elde edilen verilerin dogru program
ve parametrelerle islenip goriintiilenmesidir. Dogru anten
secimi olmadig1 takdirde veride fazla giiriiltii ve yaniltici
anomaliler  olusabilir.  Aym1  sekilde veri islem
parametrelerinde se¢imi yanlis olarak belirlenen degerler
veri de yaniltici sonuglara sebebiyet verebilir. Bundan dolay1
uygun GPR sistemi ve veri islem parametreleri bu tarz
¢alismalarda ¢ok biiyiikk onem arz etmektedir.

Ayasofya Miizesi galeri katinda gergeklestirilen ¢alismada
yiizey ¢atlaklarinin tespiti icin Mala RAMAC ProEx GPR ve
1 GHz anten tercih edilmistir (Sekil 4a). Bu sistem ile
gerceklestirilen ¢aligmalar sonucunda elde edilen c¢atlak
haritalar1 detayli incelendiginde galeri kati1 giiney kanadi
cennet kapisi 6niinde bulunan lokasyondaki ¢atlaklar nemli
ozellikte olup bundan dolay1 o lokasyonda Mala CX radar
sistemi 2.3 GHz radar anten sistemi (Sekil 4b) ile detay
Ol¢timleri gergeklestirilmistir. Bu bolgedeki alanlar 1 GHz
anten sistemi ile 7 m x 7 m, 2.3 GHz anten sistemi ile 1.4 m
x 1.4 m biiytikliikte ki alanlar ile yapilan 6l¢iimler 15181nda
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bolge detay catlak haritasi elde edilmistir. Bu sistemler ile
aranan unsurlar g6z Oniinde bulundurularak uygun

parametreler belirlenip dlgiimler gergeklestirilmistir (Tablo
1).

MALA Prokx

1 GHz Radar Anteni

e >~ @ i MALA CX Radar Sistemi
Sekil 4. a) 1 GHz antenli Mala RAMAC ProEx GPR sistemi,
b) 2.3 GHz antenli Mala CX Radar sistemi

Tablo 1. GPR sistemi (1GHz ve 2.3 GHz anten) ile 6l¢iim
parametreleri

Anten frekansi 1GHz 2.3 GHz
Iz Arah@ 0.02m 0.004m
Ornekler 480 312
Ornekleme Frekans1 7174.6 17575
Zaman Penceresi 46.34 17.752
Profil Aralig1 0.2m 0.1m

3. BULGULAR

Yeralti radar1 galismalarinda veri islem basamaklari ¢ok
onemlidir. Calisma yapilan alanda elde edilen veri dogru
parametreler belirlenerek islendigi takdirde aranan ve tespit
edilen anomalinin ¢6ziimlenmesinde kolaylik saglamaktadir.

Gergeklestirilen  Olglimler neticesinde toplanan GPR
verisinin yorumlanip incelenmesinde daha iyi sonuglar elde
etmek i¢in Reflex-W[10] ve MALA 3D Vision[11] ticari
yazilimlar1 kullanilmistir. Her alan i¢in uygun veri islem
parametreleri belirlenerek radar verisine uygulanmistir
(Tablo 2). Galeri kat1 giiney kanadi cennet kapisi dniinde
bulunan boélgede (Sekil 5) yapilan caligmalar neticesinde
elde edilen veriler ve model gosterimleri Sekil 6 ve Sekil 7
de gosterilmistir. Sekil 6 da elde edilen veride ki derz arasi
bosluklar ve ¢atlaklar gosterilmektedir. Sekil 7 de verinin
modellenmesinde diiz sekilde siiregelen anomalilerin derz
aras1 bosluklar oldugu, ani degisimler ve cizgisel olmayan
degisimlerin ise catlaklar ifade ettigi diigiiniilmektedir.
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1GHz Anten ile gerceklestirilen
Blgiim bolgesi

2.3 GHz Anten ile gergeklestirilen
Blciim bolgesi

Sekil 5. Ayasofya Miizesi galeri kat1 6l¢tim bolgesi ( Kirmizi
alan 1 GHz GPR anteni ile gerceklestirilen 6lgiim bolgesi,
mor alan 2.3 GHz GPR anteni ile gerceklestirilen 6l¢lim
bolgesini gdstermektedir)

Sekil 6. Calisma alaninda uygulanan GPR verileri; a) 1 GHz
anten dl¢imlerinde (700 cm x 700 cm) elde edilen derzlerin
verisi, b) 1 GHz anten 6l¢timlerinde (700 cm x 700 cm) elde
edilen ¢atlaklarmn verisi, ¢) 2.3 GHz anten 6l¢timlerinde (140
cm x 140 cm) elde edilen derzlerin verisi, d) 2.3 GHz anten
Ol¢iimlerinde (140 cm x 140 cm) elde edilen catlaklarin
Verisi

Academic Platform Journal of Engineering and Science 7-3, 362-366, 2019

Sekil 7. Caligma alaninda uygulanan GPR o6l¢iimlerinin
islenmis verileri; a) 1 GHz anten 6l¢iimlerinde (700 cm x 700
cm) elde edilen derzlerin islenmis verisi (Derz bosluklari
mavi kesikli ¢izgi ile gosterilmistir), b) 1 GHz anten
Olciimlerinde (700 cm x 700 cm) elde edilen catlaklarin
islenmis verisi (Mevcut catlaklar kirmizi kesikli ¢izgi ile
gosterilmistir), ¢) 2.3 GHz anten 6l¢timlerinde (140 cm x 140
cm) elde edilen derzlerin islenmis verisi (Derz bosluklari
mavi kesikli ¢izgi ile gosterilmistir), d) 2.3 GHz anten
Ol¢iimlerinde (140 cm x 140 cm) elde edilen catlaklarin
islenmis verisi (Mevcut catlaklar kirmizi kesikli ¢izgi ile
gosterilmistir

Tablo 2. Veri Islem Parametreleri

Parametre/An | 1 GHz Anten 2.3 GHz Anten
ten

Sifir  Zaman | -1,9ns -1ns

Diiz.

Dewow 1ns 0.5ns

Band Gegisli | 400/800/1200/1 | 800/1280/2560/3
Siizgec 600 MHz 200 MHz

Genlik Azalimi | 0.512 0.512

Ortalama Hiz | 0.12m.ns? 0.12m.ns™
Diizeltmesi

4. DEGERLENDIRME VE SONUC

Stiregelen tarihsel siiregte c¢esitli tahribatlara ugrasa da
Ayasofya giiniimiizde halen Oneminden higbir sey
kaybetmeden varligini devam ettirmektedir. Diinyanin her
yerinden on binlerce ziyaret¢iyi kabul eden Ayasofya, gerek
farkli yiizyillardaki ibadet yeri olmasi gerek mimari
bakimdan diinya kiiltlir mirasinin en 6nemli yapitlarindan
biri olarak ayakta ve hayatta durmaktadir. Bu dnemde bir
yapinin restorasyon ¢aligmasit kapsaminda gergeklestirilen
GPR caligmalarinda yapida meydana gelen ¢atlaklar detayli
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sekilde incelenip belirlenen lokasyonda yiizey catlaklarinin
durumu yapiya hasar vermeden tespit edilmistir.

Yiizeyde gozlemlenen catlaklarin sebebini bulma amacl
yapilan ¢alismada bu dogrultu ile yiiksek frekansli iki farkli
GPR anteni ile 6l¢iimler gerceklestirilmistir. 1 GHz antenle
yapilan Olciimlerde yiizeyde gozlemlenen ince (kilcal)
catlaklar, daha biiylik catlaklar1 takip etmistir. Bunun yani
sira 2.3 GHz GPR anteni ile 1.4 m x 1.4 m lik alanlarda
yogun catlak gdzlenen Ol¢iimlerde kilcal catlaklar tespit
edilmis ancak bir¢ok kilcal ¢atlagin kaplama(mermer) altina
inmedigi anlasilmistir. Bu durum yapisal olarak olusan ana
catlak sistemlerinin daha zayif kuvvetler ile ziyaretcilerin
sebebiyet verdigi etkilerle olugsmustur. Kilcal catlaklar ana
catlaklarin arasinda gelismistir.

Genel olarak bdlgenin sismik aktivitesi ve gevresel
kosullarin (tramvay hatlari, agir tonajli ara¢ gecisleri)
mikrosismik aktiviteleri ile tarihi yap1 tizerindeki kuvvetler
hali hazirda zayiflamig olan galeri kati tabaninin yiizeyinde
ileri zamanlarda daha biiyiik sorunlar olusturabilecek
catlaklara neden olabilecegi agiktir. Bu ¢alisma sayesinde
mevcut bulunan catlak yapilarinin karakteristigi ortaya
konarak ge¢misten gelen hasar izlerinin gelecekte alinacak
Onlemlere 151k tutmasi saglanmistir. Calismalarim daha
sonraki asamalarinda gerek galeri kati gerekse Ayasofya
Miizesi’nin zemininde uygulanacak mikrotromdr dl¢timleri
ile hakim titresim peryodlarina bagli bagil hareketlerin
kiyaslanmast mevcut ¢aligmanm ¢iktilarinin  niteligini
arttiracaktir.

TESEKKUR

Ayasofya Miizesi miidiirii Hayrullah Cengiz’e (T.C. Kiiltiir
ve Turizm Bakanligi, Kiiltiir Varliklari ve Miizeler Genel
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Midiirligii, Ayasofya Miizesi Genel Midiirligii) calismalar
stiresince katkilarindan dolay1 tesekkiir ederim.
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Abstract

Today, the usage of filters in the signal and image processing area has become quite wider. The development in this area has
also increased the usage of numerical filters. Understanding the principles and designing steps of these filters well provides a
great convenience. In addition to this convenience, in recent years, the usage of Web laboratories in computer-aided education
has become widespread. For this purpose, in this study, a new interactional web laboratory is proposed by using MATLAB for
the course of numerical signal processing to help engineering students understand the filters and have practice. In the filter
design, optimization of filter coefficients was carried out with genetic algorithm that is one of the evolutional algorithms.

For the design of interface, MATLAB Web figure and ASP.NET platform have been used. There is no need to set up MATLAB
program in the user computer to use the interface for users/students. Interface can be reached easily by using any free web
browser. Thanks to this availability, the laboratory requirement of the students is established without restricting time and place.
This web laboratory, which is designed for FIR filter, was tested by the students who are having/had numerical signal processing
lecture in Sakarya University, Technology Faculty, Electrical and Electronics Engineering Department and the results are

presented in this study.

Keywords: FIR filter, MATLAB Web figure, ASP.NET, Genetic Algorithm, Computer-Aided Learning

1. INTRODUCTION

Web-based education has been expanding its influence on
engineering field as in other fields recently. Web-based
interfaces help engineering students to improve their
knowledge and experience in their field. Regarding the
restriction of time and laboratory in traditional education, it
can be said that web-based educational interfaces are more
flexible, easier, faster and more effective for the education
environment. In addition, these user-interfaced applications
can be easily reached by devices like computer, tablet, PDA
and smart phone by using internet.

In the literature, Web-based education is also called online
education, virtual education, internet-based education and
computer-mediated  education. It  provides many
opportunities for engineering students for personalized
learning, tele-education, distance learning and cooperation
without any restriction of time, place or access. In the
literature, programs like Java, C, C++, C#, MATLAB and

LABVIEW were used for preparing the web based
educational interfaces. In this subject, a web based
educational interface to control an electrical motor remotely
was designed by BINGOL and AYDOGAN for computer,
electrics and electronics fields in 2012[16]. In 2009, IRMAK
et al. proposed a web based interface for four-zone speed
control of a DC motor using MATLAB web server to use in
the electrical engineering education [17]. In 2011, a web
interface to test the effectiveness of interactive experimental
applications for DC motors, various RLC circuits and real
time experiments was designed by COLAK et al [18]. While
the authors carrying out this study, mathematical models
implemented in MATLAB were combined with ASP.NET
web page via .NET platform. After, they tested the page and
obtained the numerical and graphical results.

Rapid developments in digital electronics increased not only
digital filter usage areas but also the advantages of using
them (doing changes easily only by software, low cost, etc.)
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too. Thus, finite impulse response (FIR) and infinite impulse
response (IIR) filters take place in many common areas.

In the literature, there are many methods for obtaining the
coefficients of FIR and IIR filters [1]-[4]. For these methods,
high degree filters should be designed to get the closest ideal
frequency responses. On the other hand, increasing the filter
degrees also cause many operational challenges in the design
procedure.

One of the intuitive calculation methods, genetic algorithms
gets the result by producing value from different call points
and are used in many application areas where classical
calculation methods are insufficient and different solution
methods are needed to be produced [5]-[8]. Similarly,
obtaining filter coefficients by using genetic algorithms also
takes place in [9]-[12].

In this study, both Classical methods and genetic algorithms
are used to calculate the coefficients of FIR filters.
Accordingly, a web laboratory is designed for educational
purpose. This program was developed by using MATLAB
Compiler processing on the internet as server-client,
MATLAB Builder NE [13], ASP.NET [14] based and C#
[15]. Thanks to developed software, FIR filter coefficients
are calculated by both classical methods and genetic
algorithms according to criteria and demand that are
determined by the user. Many features of obtained filters
(coefficient list, amplitude response, phase response,
impulse response, step response, root-locus graph, group and
phase delays etc.) are given numerically and graphically. In
addition, these results are presented comparatively with the
filter features designed by classical methods. With this
program, which can also be used for educational purpose
easily, animation-supported theoretical information is given
about filter design and the effects of parameters on the filter
responses can be tried and seen by the students. Thus, either
for theoretical or practical purposes, FIR filter designs are
done easily by being online as remote access in the web
environment and using the genetic algorithms.

In the second part of this paper, FIR filter designs are
summarized and some information about genetic algorithms
is given in the third part. In the fourth part, designed web
laboratory and its application are told and the fifth part
includes the evaluation of designed Web laboratory. Finally,
in the sixth part, results are summarized.

2. FIRFILTER DESIGN

The general architecture of the FIR filter, which has linear
phase characteristic, stable structure and finite impulse
response, is given in Figure 1 and the output is obtained by
the following equation.

Yo = Zk: 8 Xn-i
E @
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Filter coefficients can be symmetrical or asymmetrical
according to central value. They can also be designed in four
different types as given in Table 1 [1]-[4]. Design methods
of FIR filters are generally simple, linear and reliable.
Calculation equations of not normalized filter coefficients
for ideal FIR filters are given in Table 2 [1]-[4].

Xy X,,,,’I___:?kaf Xk
1 |= 1 |- -] - -1
z! R
1 [
A 4

Table 1. Features of FIR Filter

Properties
@ Length of Filter Frequency response
= filter coefficients
Q=0 Q=rx
l. Odd integer Symmetric Even Even
symmetry symmetry
1. Even integer Symmetric Even Odd symmetry
symmetry
1. Odd integer Asymmetric Odd symmetry | Odd symmetry
V. Even integer Asymmetric Odd symmetry Even
symmetry

Table 2. Ideal Fir Filter Coefficients

Filter Central coefficient Other coefficients

Low pass h[0] = Ze h[n] = M
T

High hio] =1 2 il = Sin(na )
pass T
Band hio] = 262 =1 o] = Sin(n.cgs ) Sin(n.ag )
pass e nz
Band ho]=1- 22796 | pron— Sin(n.ag )- Sin(h.ag )
stop P n.z

3. GENETIC ALGORITHM

Based on the biological/evolutional process in the nature and
being an intuitive method, genetic algorithm was firstly
developed and used in the middle of 1970s. Being the part of
the evolutional calculation, genetic algorithms are iterational
and probabilistic solution methods emerging with modeling
the related process and they use random search techniques
for solution and they are based on parameter encoding.
Genetic algorithms are used in solution of optimization
problems in different areas, information systems, machine
learning etc. [5]. Solution phases of a problem using genetic
algorithms can be summarized as in Figure2.
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Figure 2. Flow chart of genetic algorithms

4. DESIGN OF WEB LABORATORY AND
APPLICATION

In the proposed web interface design, .NET component
prepared with MATLAB program and MATLAB Builder
NE, and Visual Web Developer 2008 Express Edition
program which works with this component compatibly and
by which the interface was designed are used. Infrastructure
of Web design was chosen as ASP.NET and programming
language was chosen as C#. Architecture of the system is
shown in Figure 3.

)

Internet

Client 1 Client N
Web tarayici Web tarayici

Figure 3. System Architecture
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To use MATLAB Web Figure device, the first operation to
do is to add “Web Figure Control” device to device box in
“Visual Web Developer” program that is used for design as
in Figure.4.

As for the second operation, Web figure control device is
dragged and dropped in the working area. Name to be used
in application is written to “name” part from the web figure
features panel and “application” is chosen from the “scope”
part.

As the third operation, .NET component prepared with
MATLAB should be added as a reference to be used in
application.
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Figure 4. Design of interface

In this Web laboratory design, parameters (filter degree,
sampling frequency, lower / upper cut-off frequency) are
entered by choosing Filter (Low pass (LPF), high pass
(HPF), band pass (BPF), band-stop (BSF)) and type of
coefficient (asymmetrical).

A web-based interface is provided for desired FIR filter by
organizing the settings of the general algorithms(The size of
the population, fitness function {rank, relative peak, linear
change} selection function {stochastic uniform, increasing,
uniform, roulette, tournament} mutation function {Gaussian,
uniform, adaptive}, crossover function {distributed, single-
point, two-point, intermediate, heuristic, and arithmetic} and
crossover rate) for the simulator both in classical design and
by using genetic algorithm.

Firstly, coherence functions are prepared to get low pass
filter coefficients by genetic algorithm. After organizing
genetic algorithm adjustments/choices, optimization process
is done. For example, MATLAB codes according to low pass
filter equations given in Table 2 are shown in Figure 5.
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% Coherence function for the central value coefficient of low
pass filter
function y=h0_lIpf(k)
y=((k*wel)/(k*pi));
end
% Coherence function for the coefficients of low pass filter
function y=hn_lpf(k)
y=(sin(k*wcl)/(k*pi));
end

Academic Platform Journal of Engineering and Science 6-3, 367-372, 2019

When parameters of LPF in the first design is entered and
run, result screen in Figure 7 is obtained. Similarly, as the
last simulation, the screen view of 20th grade BPF design
whose cut off frequencies are2 kHz and 6 kHz is given in
Figure 8.

Figure 5. Sample of coherence function codes 2 Q8
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The web figure graphs that are obtained thanks to this device,
can be rotated in three axis by rotating icon, can be got closer
to the desired part of the graphic with closing icon and Web
Figure environment can be carried to desired place with
carrying icon. Fitting in the frame icon reverts the Graph
back.

5. EVALUATION OF WEB LABORATORY

To evaluate the prepared web laboratory, which is actually
designed for learning and teaching of FIR filters calculated
by using classical and genetic algorithms methods, it is
presented to the students/users that were studying/had
studied numerical signal processing lecture in Sakarya
University, Technology Faculty, Electrical and Electronics
Engineering Department in 2016 and feedback was got via
survey. As processing FIR filter coefficients were taught by
classical methods according to the syllabus of numerical
signal processing lecture, for a better comprehension of the
topic calculated solutions with genetic algorithm are added
into the prepared web interface.

The students are surveyed about the prepared web laboratory
with the questions seen in Table 3. Likert scale is applied for
the evaluation. (5 - strongly agree, 4 - agree, 3 - neither agree
nor disagree, 2 - disagree, 1 - strongly disagree). Totally 40
students joined the survey and the results were given in
Figure 9. In the survey, neither agree nor disagree, disagree
and strongly disagree expressions were accepted as negative.

30
25
20

15

10

Survey results(Person)
(9]
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Table 3. Questions of Survey.

Please score the following items using the most
suitable scales for you.

1 | To understand and learn FIR filters, it is useful
to use web laboratory.
2 | Graphical interfaces
information.

3 | To compare classical and genetical methods in
design of FIR filters increases the understanding
of the subject.

4 | Graphs showing the obtained results from Web
laboratory are understandable.

5 | Using the Web laboratory is easy and efficient.
6 | Working and response time of Web laboratory is
enough.

7 | Design of the Web Laboratory is successful.

8 | Reach to Web laboratory is smooth and easy.

9 | Web laboratory can be applied to different
subjects in engineering,

Please give an example............................

support  theoretical

The first two questions were about to understand and learn
the Web laboratory. Students/users gave positive answers to
the two by the rate of 80% and it is suggested to be used as
an educational device as it increases the interaction about the
subject. Feedbacks were negative about the third question
with the average rate of 60% because it was about
comparison of classical and genetical method used in FIR
filter design. The reason for the students to give negative
answers to this question is that the students did not know the
genetical algorithm. From the positive feedbacks to fourth
and fifth questions with the rate of average 70%, it can be
understood that usage of web laboratory is understandable
and easy. Answers to sixth question come out 60%
negativity. Reason of this is the delay being too much in the
time of work and response.

0 n llIIll-IIll‘ |l

Question 1 Question 2 Question 3 Question 4 Question5 Question 6 Question 7 Question 8 Question 9

Survey Questions

M Strongly agree Agree

Neither Agree Nor Disagree

Disagree M Strongly Disagree

Figure 9. Survey results
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Users wait more than one minute as response time, because
of the connection between the server and client during the
operation. Success of Web laboratory design as seventh
factor, was evaluated by the rate of 80% by students/users
positively. For the eighth one, 90% positive feedback was
got. Due to being an online application, program is easily
reached on internet by devices like computer, tablet, PDA,
smart phone. The last one is about the applicability on
different subjects in engineering area. The given answers
about this category are towards that Web laboratory can be
usable/applicable interactively in other engineering issues.
Given examples to this category are mostly for IIR filters, a
subject of numerical signal processing lecture. In this part,
Web laboratory is desired to be developed. By this way,
interaction with lecture could be increased.

6. CONCLUSION

In this study, to calculate FIR filter coefficients, both
classical methods and genetical algorithms are used. In this
respect, a web laboratory for educational purposes was
designed. Through this program, students/users are provided
to see the effects of used parameters for designing filters on
filters experimentally through the designed Web laboratory.

The most important feature of the web laboratory is that there
is no need for students/users to build MATLAB program in
user computer to use the interface.

The interface can be easily reached with any web browser.
With this access, the laboratory requirement of the students
is satisfied with a flexible, easy, fast and effective education
environment without any restriction of time and place.
Designed web laboratory was brought into use of the
students, feedback was got by the survey method and from
the obtained data, it is understood that the program is a useful
product in the education of numerical filter design.
Furthermore, it is also understood that the program can also
be developed for the IR filters, too.
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Abstract

Being the primarily organic phase of bone, collagen type I is an important contributor to bone’s mechanical resistance to fracture.
Gaining mechanistic insight into collagen stabilization mechanism is critical to developing new targets to prevent bone fracture.
The role of water and hydroxyproline (Hyp) in collagen stability mechanism is still controversial. The aim of this study was to
investigate the influences of Hyp and bound water on the collagen molecular stability. Four collagen like-peptide (CLP) models
were compared in terms of conformational energies and hydrogen bonding types. CLP1 model represents regular collagen
structure without water molecules while CLP2 model represents collagen structure without water and Hyp residue. CLPW1 and
CLPW?2 are the models of CLP1 and CLP2 with water molecules around them, respectively. Cumulative interpreting of four
CLPs models was shed light on the factors influencing collagen stability in the frame of steric energy. Total steric energy was
ordered as: CLP2 > CLP1 > CLPW?2 > CLPW1, indicating that CLPW1 was the most stable collagen model. On the other hand,
CLP2 was the least stable collagen model based on the steric energy comparison. In addition, the hydrogen bonding observed in
the four models reveled that water molecules around the models help in binding collagen triple helix through different water
bridges since they contributed extra way for binding of triple chains. Moreover, some of the observed water bridges involved
directly the presence of Hyp residue. Cumulative results suggested the important role of bound water molecules and Hyp on
collagen molecular stability.

Keywords: Collagen, Bound Water, Hydroxyproline, Computational Molecular Mechanics, Bone

1. INTRODUCTION molecule includes more than 1000 amino acid residues) [5-
7].The supercoiled right-handed triple helix (tropocollagen)
is almost 300 nm in length and 1.6 nm in diameter [5, 6]. The
most common amino acid sequence of collagen molecule is
the multiple repeated of (Glycine(Gly)-X-Y), triplet, where
X and Y refer mostly to Proline (Pro) and Hydroxyproline
(Hyp), respectively [8, 9] (Figure 1). Hyp is the result of
post-transitional enzymatic modification of Pro, and always
finds in collagen molecules in bone.

Bone is a complex natural material comprised of mineral,
organic matrix and water [1]. Type I collagen (~ 90% of total
organic matrix) in a hydrated environment is the main
composition of bone’s organic phase. Other components of
organic matrix include non-collagenous proteins such as
osteopontin, osteocalcin, and fibrillin [1, 2]. Bone’s
resistance to fracture originates from both its unique
composition and unique arrangement of the primary
constituents [1]. While mineral phase of bone primarily
contributes to strength and stiffness of bone, interlinked
collagen matrix in hydrated environment confers bone’s
ductility (toughness) and post-yield deformation [1, 3].
Collagen molecules’ structural integrity is one of the main
contributors to the structural integrity of bone’s organic
matrix that consequently influences mechanical behavioral
of bone [4].

The structure of collagen molecule and its stability
mechanism have been studied for the decades. In 1954, the
first collagen model was developed by Ramachandran and
Kartha [10] and this model was later refined by Rick and
Crick in 1961 [6]. In 1980, the first crystal structure of
collagen was obtained as (Pro-Pro-Gly), [11]. The first high
resolution of collagen-like peptide (CLP) was reported in
1994 [12] and this structure confirmed to the existence model
of Ramachandran and Kartha in 1954 [10]. Afterwards,
many studies on collagen triple helix have been performed to
characterize tropocollagen structural properties, collagen
stability as well as folding mechanism [7].

The current concept of collagen molecule is triple
polypeptide helices composed of two identical a-1 chains
and one slightly different a-2 chain (each chain of collagen
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Figure 1. Individual amino acid types which were used in
this study for modeling CLP and CLPW maodels. Blue and
red circles indicate bonding site of amino acids.

In the literature, both experimental (i.e., thermodynamics
experiment, X-ray crystallography or NMR) and
computational molecular modeling research (i. e; molecular
modeling simulation) have been directed to gain mechanistic
insight to collagen stabilization mechanism [7]. However
there is still no consensus of the role of Hyp and water on
collagen stability/integrity. Some previous studies indicated
that the presence of Hyp residue and water molecules have a
major role in stabilization of collagen molecule through
water bridges (interstitial water). These water bridges are
connecting between amide and carbonyl groups at the site of
substation [7, 12-20]. On the other hand, other studies (based
on mainly experimental analysis) concluded that Hyp or/and
water bridges cannot have a fundamental importance of
collagen stability because when comparing (Pro-Hyp-Gly),
with (Pro-fPro-Gly), types of collagen-like peptide indicated
that (Pro-fPro-Gly), was much more stable than (Pro-Hyp-
Gly), even though hydrogen bonding ability of fPro
(fluoroproline) is very weak [21-26]. Holmgren et al. [22,
23] suggested that the hydrogen bonding is not necessary to
play an important role for stabilization of collagen.
Furthermore, Engel et al [27] reported that (Pro-Hyp-Gly),
was more stable than (Pro-Pro-Gly), even in non-aqueous
solution, suggesting that stability role of Hyp is not related
to water bridges. Therefore, collagen stability mechanism
has been still controversial, especially for the role of Hyp and
water on collagen stability.

The aim of the study was to investigate the influences of Hyp
and bound water architecture on the molecular stability of
collagen using a computational molecular mechanics.

2. METHODS

2.1. Construction of the molecular models

Since atomic level analysis of full-length collagen has been
difficult due to size of collagen and its fibrous structure, the
collagen model with small number of residues (20-30 amino
acid residues in the different form of (Gly-X-Y)) has been
generally used for computational molecular modeling. This
type model has been called as collagen-like peptide (CLP)
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[12]. The initial CLP model was obtained from the RCSB
Protein Data Bank (PDB) (PDB ID: 1CAG) [12], and all
models were created by modifying this original CLP model
such as replacing Hyp with Pro for CLP2 model or adding
water molecules around it. In this study, the CLP model
refers to collagen-like peptide without hydration
environment while CLPW refers to collagen-like peptide
with hydration environment. CLP1 model included (Gly-
Pro-Hyp)1o peptide repeats, representing the regular collagen
structure. CLP2 model is the repeat of (Gly-Pro-Pro)io
sequence with Hyp residue absent (Figure 2). The
coordinates of an idealized triple helix for process of coiling
chains were adapted from the literature [12, 28]. To create
hydration environment around the CLP models,
approximately 130 water molecules were firstly created by
Avogadro software and same water construction was added
with suitable distance around CLPW1 and CLPW2 models
(Figure 3).

CLP1

CLP2

Figure 2. CLP1 and CLP2 models, representing collagen-
like peptide without water molecules, after energy
minimization process. Yellow shapes indicate the existence
of hydrogen bonding sites.

2.2. Software and parameters

Molecular mechanics (MM) analyses were performed by
using both Avogadro software with Merck Molecular Force
Field (MMFF94)[29] and ChemBio3D Ultra version 12.0
with Molecular Mechanic force field (MM2) [30]. The main
difference between MM2 and MMFF94 is that MMF94 has
generally more terms in the force field such as more cubic
terms in angle bending potential energy and more cubic and
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quartic terms in the bond stretch [31]. MMF94 is mostly used
for protein analysis (see details in [29]). Since both force
fields have some well-known advantages and disadvantages,
using both of them provided better approach for energy
minimization process.

Figure 3. After energy minimization process, CLPW1 and
CLPW2 models, representing collagen-like peptide with
water molecules. Yellow shapes indicate existence of
hydrogen bonding sites.

2.3. Computational Analysis

The stability collagen was analyzed in the perspective of
steric (conformational) energy concept [31]. Steric energy is
the energy due to geometry and molecule conformation, and
is an important concept of computational biochemistry,
especially for large molecules like proteins. Steric energy
includes energy due to the bending, bond stretching, stretch-
bend, out of plane, and torsion interactions as well as
electrostatic interaction and Van der walls interaction (see
details in [31]). In the steric energy calculation,
conformation of a molecule has the lowest energy
conformation level because energy also wants to minimize
itself in nature [31]. The lowest energy conformation, which
is called energy minimization process, is set of bonded and
angles, providing the smallest steric energy, and is inversely
related with collagen stability: lower the steric energy, higher
the collagen stability. In order to eliminate geometric strain
and close contact in the CLP models and find steric
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(conformational) energy, resulting of stability of CLP model
conformation, energy minimization process was performed
with the following scheme: first, the CLP and CLPW models
were minimized for 50 steps by steepest decent (SD) method
with force field MMFF94 and 10e-5 convergence value.
These parameters were chosen with considering computer
limitations and avoiding time consumption (see details in
[31, 32] for choosing parameter). Each energy minimization
process of CLP models took 30 hours and process of CLPW
models took slightly more than 30 hours. After first step
completed, the processed models were minimized for a
second time by MM2 force field with 0.1 RMS (root mean
square) gradients. After energy minimization process was
done, the model conformation was verified by comparing
reported main chain conformational angles (dihedral angles)
with the reported values in literature. Structural stability of
CLP and CLPW models were analyzed by comparing the
steric energies and by investigating the number and observed
type of hydrogen bonds in the models.

3. RESULTS

Visual inspection of the models showed that structure of two
models (CLP1 and CLP2) generally coincided with original
tropocollagen conformation. CLP1 and CLP2 models were
generally uniform and models were able to protect their
integrity between triple helix ends (Figure 2 and 3). The
structural conformation was confirmed through comparing
mean torsion (dihedral) angles, ¢ and v, of the two models
obtained from previously published works. The average ¢
angle was between -67.78 ° and -72.90° and the average v
angle was between 160.12°and 164.80° for CLP1. For CLP2,
these values were between -71.67° and -83.03° and between
162.40° and 167.18°, ¢ and w respectively. Table 1
summarized comparison of the torsion angles of CLP models
with available data from literature. Especially, v angle value
of Y position differed by up to 20 ° between the CLP models
and the values reported in the literature although rest of
values coincided, depending on type of structure, with one or
more data obtained from the literature.

Table 2 and 3 summarized the calculated conformational
(steric) energies. Total steric energy of CLP1 was 683.7994
kcal/mol while it was -903.6372 kcal/mol for CLPW1 (Table
2). The main reason of considerable difference between
steric energy of CLP1 and CLPW1 was related to values of
total van der Walls (VDW) and Dipole/Dipole interaction
energy. The absolute value of total van der Walls energy
(Non-1,4 VDW and 1,4 VDW) increased from 220.6782 to
897.6418 kcal/mol while the absolute value of Dipole/Dipole
interaction energy increased from 148.2414 to 1117.2804
kcal/mol and the difference was 969.039 kcal/mol. However,
the bend, stretch and torsion energy were comparable
between CLPW1 and CLP1 (Table 2).
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Table 1: Comparison of average main chain conformational (torsion) angles of CLP1 and CLP2 models with the angles of

the previously published models.

Angles Residue CLP1 CLP2 Crystal (XYG)2s Collagen (PPG)1o 75 | Collagen-
Position structure of | [28] 10, Helix[11] | like peptide
collagen[33] Helix[34] [12]
¢ (°) X -72.90 -71.67 -71 -87 -72.1 -75.5 -72.60
Y -72.18 -73.79 -66 -69 -75.0 -62.6 -59.60
Gly -67.78 -83.03 -68 -81 -67.6 -70.2 -71.90
v (°) X 161.32 163.57 160 155 164.3 152 163.8
Y 160.12 167.18 148 146 155.8 147.2 149.8
Gly 164.80 162.40 167 173 1514 175.4 174.1

Table 2: Steric energy values of CLP1 and CLPW!1 after energy minimization/geometry optimization process.

Conformational (Steric) Energy CLP1 CLPW1
(kcal/mol)
Stretch 47.0139 47.3994
Bend 366.1212 414.3564
Stretch-Bend 12.8326 13.4466
Torsion 626.7514 636.0825
Non-1,4 VDW -630.6017 -1303.3514
1,4 VDW 409.9235 405.7097
Dipole/Dipole -148.2414 -1117.2804
Total Energy 683.7994 kcal/mol -903.6372 kcal/mol

Table 3: Steric energy computation of CLP2 and CLPW?2 after energy minimization/geometry optimization process.

Conformational(Steric) Energy CLP2 CLPW?2
(kcal/mol)
Stretch 47.9900 45.9011
Bend 383.9867 401.3347
Stretch-Bend 13.7077 12.7939
Torsion 626.8381 641.8941
Non-1,4 VDW -614.7183 -1256.2341
1,4 VDW 407.0030 415.2250
Dipole/Dipole -137.3287 -1114.0146
Total Energy 727.4786 kcal/mol -853.1001 kcal/mol

Total steric energy of CLP2 was 727.4786 kcal/mol while
total steric energy of CLPW2 was -853.1001 kcal/mol (Table
3). The difference between the steric energies was again
related to VDW and Dipole/Dipole interaction energies. The
total steric energies can be ordered as follows: CLP2 > CLP1
> CLPW2 > CLPWI1.

Hydrogen bond numbers with cut-off radius 2.00 angstroms
(A) and cut-off angle 120° were calculated by visual
inspection. Table 4 summarized the observed hydrogen bond
number of the models. Both CLW1 and CLPW?2 had highest
number of hydrogen bonds than CLP1 and CLP2 models
have.

Several different types of hydrogen bonding were observed
with respect to water and type of models (Figure 4-8). The
most common interchain hydrogen bonding in the CLP
models was NHguy)--O=Cproy and it existed without
hydration environment (Figure 5).

CLPW models had mostly two kinds of hydrogen bonding
by contribution of water bridges: N-H iy orpro) -+ (Water)n---
O-Hnypy and O-Huypy -+ (Water)n--- O=Ccly or Pro) and both
were observed as intrachain and interchain hydrogen
bonding (Figure 6 and 7). C=Ogqny residue) - (Water)y--
O=Cany residue) @Nd N-Hany residue) -+ (Water)n--- O=Cany residue)
were other types of intrachain and interchain hydrogen
bonding (Figure 8).

Table 4: Total existed hydrogen bond numbers (cut-off
radius: 2.00 angstroms and cut-off angle: 120°) of the models

Models Existed Hydrogen Bond
numbers
CLP1 20
CLPW1 128
CLP2 19
CLPW2 129
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Figure 4. Overall view of several types of hydrogen bonding
between the residues and water molecules in CLPW models.
Yellow dot lines show the hydrogen bonds.

4. DISCUSSION

In the present study, four CLP models were analyzed to gain
mechanistic insight to the effects of Hyp and bound water on
collagen stability. The structural conformation of these
models were confirmed by comparing dihedral (torsion)
angles, ¢ and y with obtained data from the literature [11,
12, 28, 33, 34]. The models have slightly different angle
values from some of the previously published studies [10,
11, 26-28]. This difference could be related to using data
from  crystallographic  experiments and geometry
optimization process of the models. Nevertheless, each
torsion angle coincides with one or more angles from the
previous studies (Table 1). This result supports that overall
structure of models is sufficiently suitable to analyze the
stability of collagen.

The present study showed that CLPW1 has lesser steric
energy compared to CLP1 (Table 2). Moreover, the steric
energy value of CLPW?2 has lower than that of CLP2 (Table
3). Previously, Tamilselvan and Zhang also showed that the
value of steric energy of CLP with hydrated environment has
lesser than that of the value without hydrated environment
for several models obtained from RSCB Protein Data Bank
[19].

Figure 5. N-Hly)--O=Crro) hydrogen bond can exist even
without hydrated environment.
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The main difference between CLPs and CLPWs models in
this study is whether the models include water molecules
around them. As showed in Table 2 and 3, the main reason
of steric energy differences between CLP and CLPW models
is related to VDW and dipole/dipole interaction energies
which are directly associated with the existence of water
molecules. As expected, the observed hydrogen bonding
numbers in CLPW models have higher than that of CLP
models (Table 4). Furthermore, the types of hydrogen
bonding observed in the models suggest that bound water
molecules help in binding collagen triple helix as intrachain
and interchain by created water bridges (Figure 6, 7, and 8).

Figure 6. Hydrogen bonding between hydroxyl group of
Hyp and N-H group of Gly or Pro through contribution of
water bridges ( N-H @iy orpro) -+ (Water)n--- O-Heryp) )-

These results cumulatively suggest that the presence of water
inside and around collagen molecule has an important role:
increasing the hydrogen bonding sites among collagen
chains. Such water molecules create attractive forces on the
collagen molecule, resulting in lower energy in collagen.
Thus, the structure of collagen becomes more stable with
water molecules through providing an extra way for binding
triple chains like intrachain and interchain. In the original
study by Bella et al [7, 12, 16], they extensively discussed
the role of water molecules on the stability of collagen, and
showed that water bridges can effectively mediate intrachain
and interchain hydrogen bonding. Engel et al. [27] also
reported that the stability of both (Pro-Pro-Gly), and (Pro-
Hyp-Gly), peptide increase with the existing of water
molecules. Confirming with the previously published studies
[7, 35-37], this present study also demonstrates the critical
role of water mediating hydrogen bonding.
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The second important finding of the present study is related
to role of Hyp. The results showed that total steric energy of
CLPW!1 has lesser than that of CLPW2 and the value has
lesser than CLP2 for CLP1. Although the only difference
between CLP1 and CLP2 was to replacing Hyp residue with
Pro, this small modification in the model leads to a dramatic
change in steric energies (Table 2). The hydrogen bond
numbers of CLP1 and CLPW1 are much higher than those
of CLP2 and CLPW2 (Table 4). Furthermore, some specific
water bridges involve directly the presence of Hyp residue
and they only exist with the presence of Hyp such as: O-
Heyp -+ (Water)n-+ N-H @iy or proy and O=Cly or pro) -
(Water)n:-- O-Hnypy (Figure 7 and 8).

Figure 7. Hydrogen bonding between hydroxyl group of
Hyp and carbonyl group of any residues through contribution
of water bridges ( O-Hyp) -+ (Water),--- O=Cgly or pro) )-

Figure 8: Hydrogen bonding between two carbonyl groups
of any residues through contribution of water bridges
(C=O(any residue) - (Water)n--- O=Cany residue) )-

All these results indicated the essential role of Hyp for the
collagen molecular stabilization. Previously, Kawahara et al.
[38] showed that (Pro-Hyp-Gly), peptide is more stable than
(Pro-Pro-Gly), ,suggesting that Hyp residue provides an
increase in stability of collagen structure. Furthermore, the
studies of Bella et al. [7, 12, 16] showed that Hyp residues
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mostly interact with surrounding water molecules of
collagen and this situation provides more hydrogen bonding
with water molecules:; thereby, significantly enhancing
stability of collagen. Using steric energy concept, this work
also confirms this important role of Hyp in collagen
stabilization mechanism.

5. CONCLUSSION

Using steric energy concept, the overall results suggest that
Hyp residue and water molecules around the collagen
significantly contribute to the stability of collagen structure
with providing extra way to bind each collagen chains each
other through several types of water bridges. Such water
bridges around the collagen molecule are cumulatively
created more attractive forces which consequently decrease
the potential energy of collagen molecule, leading to more
stable collagen molecule. Previously, the importance of
water on mechanical behavior of single collagen molecule
has been reported computationally [39-42]. Since uncoiling
of collagen type | is one of the toughening mechanisms
observed in bone, the collagen stability could be thought as
another essential determinant of bone’s resistance to
fracture. But, to date, there is no study available showing
such association between collagen stability and bone fracture
resistance. Therefore, future studies are necessary to
investigate the direct relationship between collagen stability
and mechanical properties of bone, and the role of Hyp and
bound water in this relationship.
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Abstract

SiAION ceramics are successfully utilized in applications such as refractories used for metal melting and cutting tools for high
speed machining of metals in which high temperature properties are important. As being one of the main indication of high
temperature resistance for such applications, oxidation resistance of this materials are affected by microstructural features, type
and amount of the rare-earth (RE) elements in a-SiAION and grain boundary phase (GBP). In this study, oxidation behavior of
a/B-SIAION ceramics prepared by Er,O3 as well as Y203, which is one of the most widely used RE-oxide in commercial SiAION
compositions, was investigated comparatively. A slight difference was observed in oxidation resistance of Er,O; and Y;03
containing SIAION ceramics due to their slightly different crystallinity of GBPs.
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Y203 ve Er:Os-katkili a/p/-SiAION Seramiklerinin Oksidasyon Davranislar:
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Oz

SiAION seramikleri metal ergitme isleminde kullanilan refrakterler ve metallerin yiiksek kesme hizlarinda talasli imalatinda
kullanilan kesici takimlar gibi yliksek sicaklik 6zelliklerinin 6n planda oldugu uygulamalarda basariyla kullanilan malzemelerdir.
Bu malzemelerin oksidasyon ve korozyon direnci gibi yiiksek sicaklik 6zellikleri ise mikroyapisal 6zellikleri, faz 6zellikleri ve
kullanilan nadir toprak (RE) elementleri ile belirlenmektedir. Bu ¢alismada ve sagladig: yiiksek oksidasyon direnci ile SIAION
seramiklerinin tiretiminde en yaygin kullanilan nadir toprak elementi oksitlerinden bir tanesi olan Y03 ile birlikte 6nemli bir
potansiyele sahip olan Er,Os3 ilaveleri kullanilarak hazirlanan a/B-SiAlON seramiklerinin kiyaslamali oksidasyon davranislari
incelenmistir. Oksidasyon direnci agisindan her iki ilavenin benzer 6zelliklere sahip oldugu, farkliligin ise tane sinir1 fazlarinin
kristalizasyon derecelerinden kaynaklandigi bulunmustur.

Anahtar Kelimeler: Oksidasyon, SiAION, Nadir toprak elementleri

1. INTRODUCTION challenging applications. o-SiAION phase is 40% harder

than B-SiAION, which has higher fracture toughness due to
SiAION ceramics are one of the most attractive engineering its elongated grain shape [1-3]. Since both high fracture
materials for various applications due to their high hardness, toughness and hardness are required for many structural
fracture toughness, thermal shock and corrosion resistance. applications, in-situ o/B-SIAION composites are more
The possibility to obtain all these properties in a single suitable in comparison to the single phase monolithic
material by just altering the types and amounts of a-SiAION, SiAIONSs. Cutting tools for high speed machining of gray
B-SIAION and GBP makes this material suitable for many cast iron and superalloys are the most well-known
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application and crystallization of GBP as well as
combination of hardness and toughness provided by a and j3-
SiAION phases are critically important for high temperature
resistance for SIAION based cutting tools [4].

The oxidation is one of the main problems for not only
SiAION ceramics but also the other Si-based synthetic
ceramic materials such as SiC, SisNg4, etc. due to their
thermodynamic instability in open atmosphere at high
temperatures. Celik et al. [5] manufactured SIAION based
ceramic milling tools and tested them on high speed milling
of superalloys. According to author’s conclusions on test
results, the cutting zone temperature exceeded to 1000°C,
and oxidation and other diffusion processes became
dominant at given test conditions. Therefore, the
investigation of effective parameters on the oxidation
behavior of SIAION ceramics was considered as an
important subject for improving high temperature properties
of these ceramics and subjected to many researches in the
literature. For B-SIAION phase, z value in the general
formula of Sis.,Al,O;Ns-;, indicating the solubility of Al and
O atoms in crystal structure of B-SisNs, is an effective
parameter on the formation of the oxide crystal products as
the result of oxidation reactions since it affects the amount
and viscosity of the GBP [6,7]. On the other hand, the RE
element oxides are highly effective on the nature of oxidation
resistance of a-SiAION phase. Yu et al. [8] investigated the
oxidation behavior of a-SiAION ceramics doped with Yb,
Y, Nd, Ca and Li-oxides between 1000-1300°C and reported
that the oxidation resistance increased in the order of Li, Ca,
Nd, Y and Yb. They concluded that the refractoriness of the
oxidation products on the surface and crystallinity of GBP,
which are strongly dependent on type of the RE used, play
an important role on the oxidation resistance. In a similar
work, Corapcioglu and Kurama [9] examined the oxidation
resistance of Y and Sm single doped and Y/Sm multi-doped
a-SIAION ceramics at the temperatures between 1300-
1450°C and found the viscosity of GBP as an effective
parameter on oxidation resistance of the ceramics. It was
reported by the authors that using of both Sm and Y as multi
dopant resulted in a slight increase in oxidation resistance in
comparison to the single doped SIAION compositions.
Nordnerg and et al. [10] utilized Y, Yb, Sm and Nd in a-
SIAION compositions and investigated the oxidation
behavior of these ceramics. Oxidation resistance of ceramics
doped with Nd and Sm was found lower than that of Y and
Yb doped counter-parts due to lack of N-rich melilite phase
crystallization at the grain boundaries of Sm and Nd doped
SiAIONs.

In this study, comparative oxidation behavior of Er,O3 and
Y20s3-doped o/B-SiAION ceramic at 1250-1550°C was
investigated by a scanning electron microscope (SEM) and
an x-ray diffractometer (XRD). The weight change of the
SIAION ceramics due to oxidation reactions was also
analyzed.
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2. MATERIALS AND METHODS
2.1. Production of SIAION samples

a/B-SIAION compositions doped with Y03 and Er,Os,
labelled as Y-S and Er-Si, respectively, were designed as the
ratio of a/f is 25/75% and z value of B- SIAION (Sie.
:Al;0;Ng.;) is 0.2. 0-SisN4 powder, as the main component
of SIAION compositions, and Al,O3 AIN, Y203 and Er,0;
powders, which provides formation of liquid phase and
stabilization of a-SiAION phase during sintering were
charged to the chamber of an attritory mill. The powders
were milled for 2 hours in aqueous medium in the presence
of SisN4 milling balls with a diameter of 3 mm for an
efficient milling process. After mixing the slurries with
organic pressing additives in a separate chamber for 30 min.,
spray drying (LTC-2 Nubilosa) was performed to obtain
granules with high flowability. The average particle size of
the granules with a moisture content of ~1wt.% was 100 um.
In shaping step, SIAION granules were transferred to a
cylindrical flexible polyurethane mold of cold isostatic press
(MSE-CIP200) and then 200 MPa isostatic pressing pressure
was applied to the mold setup in order to obtain SiAION
compacts with a green density of ~55% of theoretical
density. Subsequent to a binder removal step performed at
~600°C prior to sintering, the green cylindrical compacts
were placed to the chamber of gas pressure sintering (GPS)
furnace (FCT-FPW180/2200). The samples were densified
to >99,8 % of theoretical density at a maximum temperature
and N gas pressure of 1900°C and 100 bar, respectively.

2.2. Oxidation tests and characterization

After sintering, cylindrical SIAION samples were cut into
pellets with a thickness of 5 mm and top and bottom grinding
of the sintered pellets was performed by a polymer bonded
diamond wheel (average diameter of diamond particles is
120 um). Then, the pellets were oxidized at 4 different
temperatures (1250, 1350, 1450 and 1550°C) with a soaking
time of 2 hours under normal atmospheric conditions. Before
and after each oxidation tests, the samples were weight with
a four-digit scale in order to find the weight change
depending on the oxidation reactions. The phases inside as-
sintered samples and formed on the surface of oxidized
samples were identified by an x-ray diffractometer (XRD)
(Rigaku-Miniflex). From the XRD spectrum, intensity of the
peaks of a-SIAION phase at 26=34.5 ve 35.3° and of B-
SiAION phase at 26=33.7 ve 36° were used to calculate the
o/B-SIAION phase ratio by following equation:

Iy 1
lptle 1+ K[Hwy)—1]

ey

where Iz and |, are the x-ray intensities of B and a-SiAION
peaks respectively, K is constant (0.518 for the peaks
diffracted by (101) plane of B-SiAION and (102) plane of a-
SiAION and 0.544 for the peaks diffracted by (210) plane of
B-SIAION and (210) plane of «-SIiAION), ws is the
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concentration of -SIAION phase in volume %. z value of B-
SiAION in general formula of Sis.,Al,O,Ns., was determined
by the shifts of corresponding peaks due to solubility of
Al>O3 in SisN4 crystal lattice and calculated by taking the
average of z, and zc which are given in Equations 2 and 3 as
follow:

@ —7.6044 ,
%a = 70031 (2)

_¢—29075 ;
%= 70.026 ()

The degree of crystallization of GBP was determined by
taking the ratio of the intensity of the peak diffracted by (32-
2) plane of (RE)sSisAlO17N phase at 26 value of 32,70° and
the intensity of the peak diffracted by (101) plane of B-
SiAION phase at 26 value of 33,40°.

Microstructures of the as-sintered and as-oxidized samples
were investigated by SEM (Zeiss-Supra 50VP) in back-
scattered electron (BSE) mode, and the concentration of the
elements in the content of oxidation products were analyzed
by energy dispersive x-ray spectroscopy (EDX) which was
attached to this SEM. The amount of GBP in as-sintered
ceramics were visually determined by analyzing of SEM
images with Image J analysis program.

3. RESULTS AND DISCUSSION

3.1. Microstructural
ceramics

characterization of as-sintered

Figure 1 (a) and (b) show the BSE-SEM images of Y-S and
Er-S ceramics, respectively and (c) shows the XRD spectrum
of these ceramics. While the dark gray elongated grains were
B-SiAION phase, a-SIAION phase was observed as light
gray equiaxed grains in the images. The GBP distributed
through-out the microstructures homogeneously is seen as
white small pockets due to their high atomic number RE
concentration. Although the distribution of a and B-SiAION
grains in both microstructures are quite similar, the aspect
ratio of B-SIAION grains was seen slightly higher for Er-S
sample (Fig 1 (a) and (b)). Moreover, a more bimodal
distribution of B-SiAION phase was detected for Er-doped
sample since much finer B-SiAION grains were formed in
addition to the large elongated ones compared to Y-S. The
bimodal distribution of B-SiAION grains is an important
indication of the material resistance against to crack
propagation [11-13]. According to XRD spectrum given in
Fig.1 (c), a crystalline GBP apart from o and B-SiAION
phases was formed in a stoichiometric formula of
(RE)sSisAl,017N. In Table 1, the amounts and degrees of
crystallization of GBPs as well as B-SiIAION content and z
values were summarized. It was seen that the main difference
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between Y,0s; and Er,O; was their effects on the
crystallization behavior of GBP rather than o/f ratios, z
values and/or GBP amounts. While the degree of GBP
crystallization value of Y-S ceramic was calculated as 0.13,
it was determined more than twice for Er-S ceramic due to a
possible formation of liquid phase with lower viscosity
during sintering as suggested by Hampshire and Pomeroy

Er-S
—Y-S8

30 40 50 60 70
20 ()

80

Figure 1. BSE-SEM images of as-sintered (a) Y-S ve (b) Er-
S samples and (c) XRD spectrum of these compositions



A CELIK

Table 1. Phase properties of as-sintered Y-S ve Y-Er
ceramics

Y-S Er-S
Dopant type Y203 ErOs
Blo (%) 86 86
z value of -
SiAION (Sie- 1,06 1,02
zAlezNS-z)
Amount of
GBP (vol.%) 8,13 773
Crystallization
degree of GBP 0,13 0,34

(IeBp/lp-siaion)

3.2. Oxidation behavior of SIAION compositions
3.2.1. Weight change

The oxidation behavior of Y and Er-doped SiAION ceramics
was examined by the weight change resulted by the oxidation
reactions and a standard test method, the details of which was
given in [14] and [15], was used to compare the oxidation
resistance of these ceramics, quantitatively. Figure 2 shows
the weight change curves (Am/mgx100) of the Y-S and Er-S
compositions as a function of oxidation temperature and the
first order derivative of these curves (d(Am/mex100)/dT),
which indicate the temperature at which the oxidation rate is
maximum. It is clear in the graphs that while only a slight
weight gain was observed at the temperature above 1250°C,
the rate of weight gains due to oxidation reactions increased
significantly above 1325°C for both Y-S and Er-S ceramics.
While the tangent of weight gain curve for Y-S composition
intersects the temperature axis (y-axis) at 1320°C, a slightly
higher value was found for Er-S composition (1333°C)
which indicated that the starting temperature of oxidation for
Er-S sample was higher than that of Y-S sample. Although
the starting oxidation temperature of Y-S was lower, the

0.8 0.010
—— Y-S (Am/m x100)
{ =——Er-S (Am/m x100}
= = Y-8 (d(Am/m x100)/dT) L 0.008
069 — — Er-8 (dam/m,x100)dT)
|-
=]
= 1385°C—7" ~ L0.006 =
E (=
;o 044 1380°C—" ¥ X
£ o L0004 E
£ r/ =
< / g
0.2 4 W ho]
13200 W 0-002
n
1333°C -
0.0 - T T T T
1250 1300 1350 1400 1450 1500

Temperature (°C)

Figure 2. Weight change (Am/mgx100) and derivative
weight change (d(Am/mex100)/dT) curves of Y-S and Er-S
ceramics as a function of oxidation temperature.
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weight gain rate was also lower for this sample with
increasing temperature due to its lower slope in comparison
to Er-S composition. The maximum value of the slope shows
the temperature at which the oxidation rate is the highest
[14,15]. These temperatures were obtained from the peak of
derivative curves and were found close to each other as 1385
and 1380°C for Y-S and Er-S compositions, respectively. At
higher temperatures above this, the oxidation rate became
slower and finally the samples started to lose weight due to
evaporation of the gas products as a result of severe oxidation
reactions.

3.2.2. Surface analysis

In Figure 3, micrographs of the surfaces of Y-S and Er-S
ceramics after oxidation tests performed at 1250-1550°C
with 100°C intervals. It was seen in Fig 3 (a) and (b) that
white elongated crystals with a length of 3-5 pm formed
throughout a dark gray matrix on the surface of the samples
at 1250°C. The XRD analysis from the oxidized surfaces of
the samples (Figure 4), showed that the elongated crystals
and dark gray matrix are RE-silicates ((RE):Si,O7) and
cristobalite (SiO,), respectively. The formation of silicate
crystals on the surface of SIAION ceramics prepared by
trivalent RE cations such as Y*3, Yb*3, Sm*® was also
reported in [8-10]. At 1350°C, a significant growth of the
silicate crystals was observed and almost whole surface of
the samples was covered by these crystals (Fig. 3 (¢) and (d)).

Moreover, the amount of cristobalite phase increased at this
temperature according to increase in the intensity of (111)
plane of cristobalite peak at 26=~21.6° in Fig 4. While a
significant formation of niddle-like mullite phase (AlsSi2O13)
apart from silicate and cristobalite phases was detected for
Y-S composition, a limited mullite formation was detected
for Er-S sample. Crystallization of mullite from the melt
which was rich in Si, Al and O atoms during oxidation is a
common process for many SiAION ceramics [16]. It is well
known that highly dense oxide scale which contains
cristobalite and mullite phases without any micro-cracks
increases the oxidation resistance of the substrate by
inhibiting the inward and outward diffusion of the atoms. In
this case, however, some interconnected cracks on the oxide
scale were started to form as seen in Fig. 3 (c) and (d).
Furthermore, the silicate and aluminate crystals available on
this oxide scale can also alter the chemical composition and
therefore, protection capability of the oxide scale [8]. In
order to explain the oxidation resistance of SIAION ceramics
as a function of RE elements used, ionic field strength (IFS)
which is an indication of the interaction of cation with its
surrounding atoms were generally used.

IFS, which was defined as the ratio of valance of a cation to
square of its radius mathematically, proportional with the
mechanical and chemical durability as well as high
temperature resistance of the silicate phase [17]. For the
silicate phases in this study containing Y*3 and Er*® RE
elements with the radii of 90 and 89 pm, respectively, the IFS
values were calculated as 3,70 and 3,79 1/AZ It can be
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concluded that similar oxidation resistance of the Y-S and temperatures obtained from weight change results as given
Er-S compositions were observed by considering in previous section.
corresponding IFS values as well as maximum oxidation

Figure 3. The surface BE-SEM images of Y-S and Er-S samples oxidized at (a) and (b) 1250°C, (c¢) and (d) 1350°C, (e) and (f)
1450°C and (g) and (h) 1550°C, respectively.
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Figure 4. The XRD spectrum of surfaces of Y-S and Er-S samples oxidized at (a) 1250°C, (b) 1350°C, (c¢) 1450°C and (d)
1550°C

At above 1400°C, significant dissolution of dendritic silicate
crystals into the melt due to a possible eutectic reaction at
~1400 was observed in accordance with Corapcioglu and
Kurama [9]. It was clear that the oxidation rate of Y-S and
Er-S samples increased above 1450°C due to increase in
diffusion rates of Y and Er RE elements in SiO, based melt
in comparison to that of in silicate crystals, and therefore,
weight loss rather than weight gain was started to be
observed. The melt showed high tendency to crystallize as
cristobalite and mullite during cooling from oxidation
temperature as seen in Fig. 4. Besides, it was obvious in
micrographs and XRD patterns given in Fig 3 and Fig 4,
respectively that a considerable silicate phase nucleation
around the cristobalite and mullite grains occurred for Er-S
composition in contrast to Y-doped sample in which the
silicate nucleation was quite limited. When the oxidation
temperature was 1550°C, some vapor products resulted by
severe oxidation reactions were started to escape from the
surfaces of the samples. Therefore, a porous morphology
was obtained as illustrated in micrographs given in Fig. 3 (g)
and (h). The XRD analysis given in Fig. 4 (d) also confirmed
severe evaporation of the oxidation products from the
surface due to significant increase in the peak intensities of
SIAION phases which were almost invisible at previous
oxidation temperature (1450°C). While the oxide scale
remained on the surface was totally amorphous for Er-S
sample since no peaks were observed except B-SiAION, a
partial cristobalite crystallization was also detected for Y-S.
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3.2.3. Cross-section analysis

The inward and outward diffusion of atoms takes place at
high temperatures along the cross-section of the samples
during oxidation process. In Figure 5, the cross-section SEM
images of Y-S and Er-S samples which were oxidized at
1350°C, were given. It was seen that three distinguished
regions were formed as the result of diffusion processes. The
first region far from the surface is the main material which
was not affected by the oxidation-based reactions. In the
second region, a microstructure free of GBP due to
partial/total diffusion of Al, Si, N, RE atoms in GBP towards
to the surface of the samples was observed. While a complete
diffusion of GBP which left a highly porous structure was
seen for Y-S composition, higher density region due to
partial diffusion of the GBP was occurred in case of Er-S
sample. It was assumed that the diffusion rate of the elements
directly dependent on the crystallization of the phases at the
grain boundaries [9]. Consequently, slightly higher stability
for Er-S composition was expected compared to Y-S due to
its remarkable crystallization of GBP (Table 1). Besides the
diffusion of the elements towards to surface which was
derived by the chemical potential, the diffusion of oxygen in
atmosphere from surface to inner regions and of nitrogen in
SIiAION from inner parts to surface were also took place [8-
10]. During oxidation process, a silicate melt, in which
SiAION grains rich in oxygen dissolved, was formed. When
the concentration of RE elements in this silicate melt became
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supersaturated, (RE)Si>O7 crystals started to nucleate in the
oxide scale on the surface of the samples. Then, the
concentration of RE elements in remained silicate phase
became much lower and cristobalite and mullite

Academic Platform Journal of Engineering and Science 7-3, 381-388, 2019

crystallization occurred from this silicate melt. The bubbles
on the third layer (oxide layer) was created by the N
evaporation from this low viscosity oxide layer.

Figure 5. The cross-section micrographs of (a) Y-S and (b) Er-S ceramics oxidized at 1350°C.

4. CONCLUSIONS

The relative oxidation behavior of a/B-SiAION ceramics
prepared by Er,Os and Y03 was investigated and the
following results were obtained:

1) While the o/B-SiAION ceramics doped with Y,03 ve
Er,O3 had similar microstructural properties, the
crystallization of GBP in Er-S composition was found
remarkably higher. However, the difference in GBP
crystallization was not observed as highly effective
parameter on oxidation resistance of these two samples.
Only a small microstructural difference on diffusion zone
was detected between these two compositions.

2) After oxidation tests performed at 1250-1550°C, a
similar weight change was observed for both Y and Er-
doped SiAIONs. The maximum oxidation temperatures
for Y-S and Er-S compositions were pointed out as 1385

and 1380°C, respectively.

3) At 1250°C, the formation of silicate crystals as well as
cristobalite phase were detected on the surface of the
samples. The growth of these crystals with increasing
temperature was also recorded. At 1450°C the silicate
crystals were started to be dissolved in oxide melt, and a
weight loss rather than weight gain were measured due to
evaporation of gaseous products from the system.

4) During oxidation process, three distinct regions were
observed at the cross-section of the samples. A porous
structure was resulted in case of Y-S composition due to
complete diffusion of GBP towards to the surface of the
sample. The difference in structure of this zone was
believed due to different crystallinity of the GBPs in as-
sintered samples.
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Bu calismada, zihinsel igyiikii paradigmasinin yorgunluk ile ilintisine yonelik elektrofizyolojik 6l¢im sonuglar iki farkli grup
lizerinden incelenmistir. Ayrik grup olarak, sporcular ve sedanterler ele alinmig olup, bu gruplarin beyin dinlenim durumu
bulgular1 ile mental performans esnasindaki ger¢ek zamanl elektrofizyolojik dlglimleri karsilastirilmis ve bu bulgulardaki
degisimler incelenmistir. Mental aritmetik islem ile zihinsel isyiikii yaratilarak, kontrollii bir fiziksel performans dncesinde ve
sonrasinda VO2max degeri ve eszamanlt EEG, PPG, EDA ve EKG 6l¢limleri gergeklestirilmistir. Farkli gruplara ait dinlenim
durumu mental performanslari ve fiziksel aktivite sonrasinda olugan mental igyiikil arasindaki kalp atim hiz1 degiskenligi, oksijen
tiketimi miktar1 tartisilmistir. Bulgularda, zihinsel igyiikii siiresince Ol¢timlenen EEG’de alfa frekansinda baskilanma ile
elektriksel deri direncinde artis goriilmiistiir. Olgiimlenen kalp atim hiz1 verileri parametrik olmayan istatistik test ile incelenmis
ve 0.15-0.4 Hz arasi araligindaki dinlenim durumu ig¢in istatistiksel anlamli bulgular elde edilmistir (p<0.05). Sonug olarak,
zihinsel aritmetik isyiikiiniin kontrollii yorgunluk saglanmig 6l¢timlerde, elektriksel beyin aktivitesinde alfa tutulumuna yol a¢tig1
gbzlemlenmis ve ayrica alfa degisiminin sporcu grup i¢inde daha az oldugu saptanmistir. PPG sinyalleri degerlendirildiginde,
sporculardaki degisimin daha az oldugu, ayrica sporcu goniilliilere ait PPG sinyallerindeki degisimin varyasyon sergileyebilecegi
g6zlemlenmistir. Raporlanan onciil bulgular dogrultusunda, fiziksel yorgunluk sartlarinda incelenen iki grup i¢in, sporcularin
odaklanmalarinin daha bagarili oldugu ve zihinsel isyiikiinden daha az etkilendikleri 6ngériilebilmektedir.

Anahtar Kelimeler: Alfa Baskilanmasi, Aerobik Kapasite, Mental Isyiikii, Noral Yetkinlik

Assessment of Electrophysiological Findings during Mental Workload in the Effect of
Physical Performance
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Abstract

The present study examines the findings of electrophysiological measurements of two groups related to the correlation of the
mental workload paradigm to tiredness. Athletes and non-athletes (sedentary) are investigated as discrete groups. The aim here
is to investigate the findings of the resting state brain network and the electrophysiologic measurements during mental
performance of these groups and the changes and variations related to these findings. Mental workload is achieved via mental
arithmetic backward counting, while aerobic capacity VO2max, EEG, PPG, EDA and ECG are being measured simultaneously,
before and after physical performance. The study also discusses the oxygen consumption rate and the heart rate variability (HRV)
between the resting state mental performance and the mental workload occurred after physical activity of varying groups. Thus,
findings on the investigation of the effects of physical tiredness on the mental workload of the subjects from two different groups,
can be summarized as follows: Increase in the alpha suppression and electrodermal activity during mental work performance has
been detected. The heart rate variability data has been investigated with nonparametric statistical test. Statistical test results of
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resting state for eye closed paradigm for frequency range of 0.15-0.4 Hz are determined as statistically significant (p<0.05).
Alpha frequency suppression is detected as a result for brain electrical activity analysis which are in agreement with literature.
The EEG alpha activity detected while mental performance reflects more suppression than the eyes closed resting state alpha
activity. To conclude, EEG alpha suppression is caused by mental arithmetic workload in volunteers with controlled physical
performance, and the alpha suppression within sportsmen group is less, where the suppression of alpha activity obtained in
sportsmen EEG is more explicit than in sedentary. Assessing the PPG signals results less variation in sportsmen. Results specify
that PPG signals of sportsmen group represent less variances than PPG data of sedentary group. Also another finding specifies,
that PPG signals within group may vary like in sportsmen group. According to these preliminary results, it can be predicted that
the athlete group is less affected by mental workload despite being more focused and physically tired.

Keywords: Aerobic capacity, Mental workload, Neural efficiency, Alpha supression

1. GIRIiS

Zihinsel igyiikii (mental efor), bir gorev gerceklestirirken
bireylerin performans: iizerinde dogrudan etkisi olmasi
nedeni ile 6nemlidir [1]. Zihinsel igylikii, mental harcanan
enerji olarak diisiiniilebilecegi gibi, hafiza eforu, karar verme
veya uyaniklik (alertness) durumu olarak diisiiniilebilen,
bireyin eforunu, farkindaligini ve ilgi seviyesini sergileyen
bir gostergedir. Karar verme mekanizmasmin yani sira
zihinsel isyilikii paradigmasi ile bireylerin bir operasyon
esnasinda mental durumlarmin  degerlendirilmesi  ve
yeteneklerinin (iletisim becerisi, yontemlerin uygulanma
sekli gibi) iyilestirilmesi miimkiin olabilecektir.

Dikkate ayrilan kaynaklarin zaman i¢inde verimli bir sekilde
kullanilmas1 karar verme mekanizmasi ve performans
(bagar1 kriteri) acisindan olduk¢a Onem tagimaktadir.
Zihinsel  faaliyet  gerektiren  goérevlerde  kisilerin
performanslar1 farklilik gostermekte ve karar verme
mekanizmasint etkilemektedir. Noral yetkinlik (neural
efficacy) hipotezinde, bir konuda uzmanlik derecesine
ulagsmis kigilerin, sedanter kontrollerle karsilastirildiginda
bilissel testlerde daha diisiik beyin aktivitesi gosterdikleri
belirtilmektedir [2,3]. Burada kastedilen gorece diisiik beyin
aktivitesinin daha yeterli ve yetkin anlaminda oldugudur. Az
enerji ve diigiik beyin aktivitesi ile ayni bilissel islevin yerine
getirilmesi kastedilmektedir. Dolayistyla konusunda egitimli
bireylerin 6grenme ile beyin aktivitelerini efektif kullandigt
ve profesyoneller ile amatdrler arasinda karar verme
mekanizmasinin farklilig1 sdylenebilmektedir [4].

EEG literatiiriinde mental isyiikii degerlendirmesi igin
siklikla beyin elektriksel aktivitelerinin alfa (8-13 Hz) ve
teta (4-8 Hz) frekans bantlari, 6zellikle Pre-Frontal Cortex
(PFC) ve Posterior Parietal Cortex (PPC), incelenmistir
[5,6]. Ozellikle PFC iizerinde goriilmekte olan teta band,
mental igylikii arttig1 durumlarda artarak pozitif korelasyon
sergilemektedir [7,8]. Alfa bandi, 6zellikle PPC iizerinde
gozlenmekte ve ters  korelasyon  sergilemektedir
[9,10,11,12,13]. Sadece birka¢ ¢alisma, diger EEG bantlari
olan delta, beta ve gamma bandini raporlamistir. Onton ve
dig. (2005) [14], frontal orta teta bandinin hafiza yiiklenmesi
ile arttigin1 belirtirken literatiirdeki onceki sonuglarla ortiisiir
bicimde, frontal teta EEG aktivitesinin ve mental igyiikii ile
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korelasyonunu onaylayan bulgular raporlamustir [8, 11].
Zihinsel igyiikiiniin ayni zamanda EEG alfa bandini
baskiladig1 ve teta bandini arttirdigi bilinmektedir [15-19].
Coklu gorev performansina dayali bir baska g¢aligmada,
ogrenme ile gorev talebi arasindaki etkilesim psikofizyolojik
reaksiyon agisindan, EEG, kardiyak aktivite ve solunum
sayisi kullanilarak incelenmistir [20]. Gorev talebine
yanitin parasempatik inhibisyonda azalma ve goz kirpma
stiresinde azalma ile karakterize oldugunu gostermislerdir.
Boylece, vagal tonun azaldigi ve kalp atim hizinin (heart
rate, HR) arttig1 belirtilmistir. Bu fizyolojik yanit ile ¢oklu
gorev i¢in gerekli odakli konsantrasyonun kargilandigi
Ongoriilmiistiir. Bir bagka deneysel ¢aligmada, 10 pilottan 90
dakikalik u¢us yapmalari istenen bir senaryo diizenlenerek
igyiikiiniin psikofizyolojik dayanag: incelenmistir [21]. Kalp
ritmi  Olglimleri, elektrodermal ve elektriksel beyin
aktiviteleri ol¢timleri yapilmis ve ucus ihtiyaglarina gore
degisimler sergiledikleri ve yiiksek korelasyon gosterdikleri
raporlanmstir [21].

Kalp atim hiz1 (Heart Rate, HR) bilgisi, pek ¢ok zihinsel
isylikii ¢aligmalarinda giivenilir bir 6l¢iit ve igylki ile
dogrudan ilintili olarak sunulmustur [22-27]. Calismamizda
gozlemlenen parametrelerden biri olan kalp atim hizi
degiskenligi (HRV) otonom sinir sistemi ile etkilesimde
oldugu i¢in duygusal degisime bagli olarak meydana gelen
tepkilerin  elektrofizyolojik  Olciimlerinde  rahatlikla
degerlendirilebilmektedir. HRV akut strese de duyarlidir ve
zihinsel baskilama yapildig1 zaman azaldig1 gozlenmektedir.
Bu sekilde, frekans analizleri sonucunda kalp atim hizi
degiskenligi lizerinde sempatik ve parasempatik sinir
sisteminin etkisi incelenebilmektedir. Frekans araliklari
yiiksek, diisiik ve ¢ok diisiik olmak {izere, 0.15-0.4 Hz arasi
ise yiiksek frekans, 0.04 Hz degerinin asagist ¢ok diisiik
frekans ve 0.04-0.15 Hz arasi disiik frekans olarak
tanimlanmaktadir [28]. Fonksiyonel MR goriintiilemesi
metodu ile yiiriitiilen ¢aligmalar, yine mental aktivite ile
beyin aglarmin dinlenim durumu ile iligkili oldugunu
gostermektedir. Benzer sekilde, dinlenim durumu beyin
aglarinin Precuneus-Posterior Cingulate korteks bolgelerinin
deaktivasyonu ve Anterior Cingulate korteks bolgesinin
aktivasyonunun elektrodermal aktivite (deri direnci seviyesi,
EDA) ile anlaml1 seviyede ilintili bulundugu raporlanmistir
[29].



D G DURU

Alfa baskilanmasi ve ndral yetkinlik hipotezinin strese ve
zihinsel yiiklenmeye bagli olma durumu esas almarak,
calismamizda deneklerde fiziksel yorgunluk olusturulmaya
calisilarak, stres yaratilmasi hedeflenmistir. Strese bagl
olarak sempatik sinir sistemi aktiflesmekte ve bu durum
periferde ekrin ter bezlerini uyarmaktadir. Olusan bu
uyarinin dlciilmesi ise EDA yanitini ifade etmektedir. Stresin
ve yorgunlugun oldugu durumlarda beynin elektriksel
aktivitesinde senkronizasyon bozuklugu olusmakta ve bu
durumda beta frekansinin baskin oldugu bilinmektedir.
Stresin etkin olmadig1 durumlarda néral yetkinlik hipotezine
uygun bigimde EEG {izerinde alfa frekansi baskin oldugu
bilinmektedir [16,19].

Beynin, merkezi sinir sistemi ve otonom sinir sistemi
yanitlar1  stres altinda  farkliliklar  sergilemektedir.
Calismamizda, dinlenim durumu ve mental performans
esnasinda beklenen bu farkliliklarin, egitimli/deneyimli ve
egitimsiz/deneyimsiz fizyoloji (sporcu ve sedanter) olmak
lizere bagimsiz iki géniillii 5l¢iim grubu lizerinden analizi ve
degerlendirilmesi amaglanmigtir. Zihinsel aritmetik goérevi
ile yaratilan zihinsel isyiikii esnasinda -elektrofizyolojik
6lgtimlemeler yapilmis ayn1 zamanda fizyolojik aktivite ile
kontrollii  yorgunluk ile stres yaratilarak, fiziksel
performansin etkisi altindaki 6l¢iimler ile dinlenim durumu
Olciimleri karsilastirmali incelenmigtir. Olusturulan deney
paradigmas: ile farkli nitelikteki sporcu gruplari {izerinde,
ayni zamanda mental igylikii performanst sergilendigi
durumda  elektrofizyolojik  degisimlerin  gdzlenmesi
amaclanmigtir. Ayni1 zamanda, gorev talebini kargilama
basarilar1 ve karar verme mekanizmalarinin (gorevin
basariyla yiiriitiilmesi) durumlart raporlanmis ve bulgulari
ile degerlendirilmistir. Dinlenim durumunda ve fiziksel
aktivite sonrasinda mental isyiikiine bagli olarak EEG alfa
bandi, kalp atis hizi, fotopletismografi (PPG) ve EDA
6l¢iimlerinde olusan degiskenlikler incelenmistir. Dinlenim
durumunda ve zihinsel aritmetik ile uyarilan beyin
elektriksel aktivitesi devinimlerinde, uyaniklik (arousal)
durumu alfa frekansi giicli ile tanimlanmis ve incelenmis,
otonom sinir sistemi gostergesi olaraksa HRV 6l¢iilmiistiir.
Calismanin bir diger amaci, egitimli (elit) anatomi ve
fizyolojilerde oksijenlenme ile ilintili bigimde, performans
ardindan elektrofizyolojik yanitlarin elit olmayan normal
gruba gore ayrisma veya benzerliginin nicel olarak
irdelenmesi olmustur.

2. YONTEM
2.1. Oksijen Tiiketiminin Belirlenmesi

Calismamiza goniillii olarak katilan bireylerde, kontrolli
fiziksel ~yorgunluk olusturulabilmesi igin, aerobik
kapasitenin Olgiilmesinde literatiirde standart olan ve en
yaygin olarak kullanilan, dogrudan olmayan &lgiim saha
testlerinden mekik kosu (shuttle run) testi tercih edilmistir
[30]. Mekik kosusu testi, istatistiksel anlamlilik i¢in
secilmektedir, ayrica kolay uygulanabilirligi ve kontrol
edilebilirligi acisindan oldukca fazla kullanilmaktadir [31].
20. Mekik testi, bip testi (beep test), cok seviyeli fitness testi
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(Multi Stage Fitness Test) olarak da anilan testte, bireyin
oksijen tiiketiminin maksimum degeri (VO2max) dolayl
olarak saptanmaktir. Gérev, metronom yardimiyla belirlenen
stirelerde, 20 m. uzunlugundaki kosu araligim1 kosmaktir.
Kosu siiresi ve belirli degerler bir akilli telefon uygulamasi
(BH Test) ile takip edilmektedir (Sekil 1). i1k turda, 20m.lik
parkuru betimleyen iki sinyal arast 9 sn iken, ilerleyen
evrelerde 3.892 sn’e kadar inerek uygulayicinin hizlanmasini
saglamaktadir. Bu o6l¢iit ile baslangigta denek hizi 8.5
km/saat iken, kademeli olarak dakika basma 0.5 km/saat
artirilmaktadir. Mekik kosu testi sirasinda, iki sefer zaman
uyarisini kagiran/geciktiren deneklerden testi sonlandirmasi
istenir. Katilimcilar, parkurun tamamlanmasi igin verilen
stirenin  uygulama tarafindan  belirlendigi  sekilde
kisalmasiyla hizlanarak kosmaktadirlar, maksimum fiziksel
yorgunluga ulastiklar1 zaman ise kosu sonlandirilmaktadir.
Toplam kosu bilgisi, literatiirde belirlenmis tablolara
dayanarak [30,31], program ile otomatik hesaplanmakta ve
kisinin en yiksek VO2 degeri yaklasik olarak
belirlenmektedir (Sekil 1).

S(op Test

. Player: Default Player
Continue Script: Standard Bleep Test
VO2 Max:
45.25 ml/kg/min Stag e 9 6
1500 m i ’
Team Bleep Test

M Bleep Test Solo @
{ Tap to view in the app store ladl

Sekil 1. Elit sporculara ait 6rnek mekik testi arayiizii

Tap to view in the app store

2.2. Elektrofizyolojik Verilerin Toplanmasi

Calismada, 6l¢iim gruplarindan 6nciil dinlenim durumu
almarak, fiziksel aktivite sonrasinda olusan elektrofizyolojik
degisimlerin (kalp atim hizi, EDA yaniti, PPG ve EEG alfa
bandi degigimi) mental aktivite ile olan baglantisinin
incelenmesi amaglanmustir.

Dinlenim durumu 6l¢iimleri, pilot aragtirmalarimizin devam
caligmasi olarak tamami g6z kapali siiregte ti¢ faza ayrilarak
gerceklestirilmistir. Goz kapali (GK) ve mental aktivite
(MA) olmak iizere 90 saniyelik birinci faz olan goz kapali
dinlenim durumu (GK1), ikinci faz olarak 3 dakika boyunca
yine g6z kapali durumdayken verilen dort basamakli sayidan
yediser geri sayma gorevi ile MA fazi, son faz olarak da
zihinsel igslem sonlandirilarak GK dinlenim periyodu (GK2)
90 saniye i¢in uygulanmistir. Dinlenim durumu ardindan
goniillii katilimeilarin kontrollii yorgunluk amaciyla 20m.
mekik kosu testi ile maksimum oksijenlenme miktarlarinin
%380’ 1 tespit edilerek, her bir katilimcinin kendi 6lgiitlerinde
esit oranda yorulmasi saglanmistir. Bir bagka deyisle, her
katilme1 kendine ait bireysel performansin %80 degerine
ulastiginda 20m. mekik kosu testi sonlandirilmustir (Sekil 1).
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Deneklere ti¢ dakika dinlenme siiresi verilmesinin ardindan
dinlenim  durumunda  uygulanan elektrofizyolojik
Olciimleme prosediirii ayn1 sekilde tekrar uygulanmigtir
(Sekil 2). Boylelikle fiziksel yorgunlugun mental aktiviteyle
baglantili olarak EEG, kalp atim hizi, EDA ve PPG’de yol
actig1 degisimlerin gézlemlenmesi saglanmistir.

Elektrofizyolojik dl¢timler BIOPAC MP36 cihazt ile
gerceklestirilmigtir  (Sekil  2).  Soézkonusu  dlglimler,
elektrokardiyogram (EKG), PPG, elektrodermal aktivite
(EDA) ve EEG’den olusmaktadir ve ornekleme frekansi
2kHz olarak uygulanmistir. EEG kaydi literatiire uygun
sekilde Ag/AgCI elektrotu ile alinmustir [6,32,33]. EKG,
EDA ve EEG odl¢limlemeleri i¢in kullanilan bant geciren
siizgecler sirastyla 0,01 - 35 Hz, 0 - 35 Hz ve 0,5 - 35 Hz’tir.
PPG frekans bant genisligi ise 0,5-4.0 Hz tir.

Sekil 2. Elit sporcu, 6rnek dl¢tim.
2.3. Elektrofizyolojik Verilerin islenmesi

Siiregiden EEG verisi duragan olarak kabul edilen birer
saniyelik uzunlukla dilimlenmistir. Dilimlenen zaman
serilerinin ayr1 ayr1 gii¢ izgeleri (1) MATLAB ortaminda
hesaplanmustir. Ilaveten frekans ciktilar1 ortalanmstir. 2
numarali denklem kullanilarak beyin elektriksel aktivitesi
alfa band1 giicii (8-13 Hz), tiim frekans giicli Fn(p) lizerinden
normalize edilmistir.
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Gergeklestirilen 6l¢iimlerde, PPG 6rnekleme hizi 1kHz’tir.
Tiim 6l¢tim gruplarindaki deneklerin verilerinde, dinlenim
durumunda kaydedilen PPG sinyalleri ile, fiziksel aktivite
sonrasi alman PPG sinyalleri genlik ve frekans farki
acisindan niceliksel olarak grup i¢i ve gruplararasi
karsilagtirilmistir.  Arastirmamuzda, fiziksel —yorgunluk
kosulu 6n plana alinmis olup, mekik kosu testi ile saglanan
bu kontrollii yorgunluk ardindan kayitlanan PPG sinyalleri
incelenmis ve FFT genlik degisimleri analiz edilmistir.
Sporcular ile sedanter (normal) gruptaki goniillilerin 6lgiim
degerleri FFT degisimleri iizerinden ve frekans farkliligi
iizerinden incelenmistir. Dogas1 geregi giiriiltiilii olan PPG
sinyalleri (Sekil 4), bu giiriiltiiden temizlenerek analiz
edilmistir (Sekil 5), bu sekilde kontrollii yorgunluga karsi
tepki yanitlar1 daha iyi anlagilmaktadir.

Magnitude

20.500 41.000

Hz

Fo) = >N xee 294N x = 0,...,35. 1)
F
Fy(a) = % ,a=8,..,12. @) L
Hz
Sekil 4. PPG sinyallerinin FFT analizi: Ustte sporcu ve altta
sedanter gruplarin test ardindan kayitlanan PPG sinyallerinin
(mV) FFT analizi goriilmektedir.
n = A n N = = A A A -
]\ B P N
] — T N ) o U a— e

135.130 137.034

seconds

138,937 140.840 |

Sekil 3. PPG sinyali 6rnegi (yatay eksen saniye biriminden zamani temsil etmektedir, diisey eksen ise mV
cinsinden genligi gostermektedir).
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Sekil 5. Giig izgesi: Ustte sporcu, altta sedanter grup olmak
tizere test ardindan olg¢iimlenen PPG sinyallerinin frekans
spektrumu goriilmektedir.

PPG Olgiimii ile kisinin durumuna dair  bilgi
saglanabilmektedir. Bunun nedeni, PPG sinyalinin solunum
veya hareket gibi bireyin sergiledigi performanstan, ¢cevresel
faktorlerden etkilenmesidir.

PPG verisinden elde edilebilen degerler arasinda, solunum
frekansinin 0.04 Hz ile 1.6 Hz arasinda degistigi, kisi bazli
hareket artefaktlarinin frekans araliginin 0.1 Hz olmasi gibi
ayrimlar ve periferal oksijen doyumu (SpO2), anestezi
durumu, nabiz gibi bilgiler yer almaktadir [34, 35, 36].
Giiriiltii ayristirmasi1 amaciyla PPG sinyallerine FIR sonlu
darbe yamith algak geciren (Finite Impulse Response)
filtreleme (3) uygulanmistir (Sekil 5).

Vi = Z%;(l) hm Xk—m ©))
FIR algak geciren filtre evrigim teoremi temellidir (1) ve
tepki yanit1 girig sinyalinin katlarinin toplanmasi ile ortaya
cikmaktadir. Burada hy katsayisi filtrenin karakteristigini
yansitir ve filtrenin frekans ozelliklerinin ters Fourier
doniisiimii seklinde saptanmaktadir [37]. Teoride M, sonsuz
degerde atanmus olup, hy pozitif ve negatif indis degerleri
olarak ongoriilmektedir. Filtrenin tepki yaniti, 6lgiimlenen x
icin k zamaninda, gegmis (Xk-1, Xk-2,- . -, Xk-m) Ve gelecek (X1,

Xk+2,.....Xksm)  Zaman  seklinde  bulunmaktadir  [37].
Calismamizda, verilen tepki sinyaline sonlu yanit
alinabileceginden Otiirli, incelenen gruplarin  dlglim

yanitlarinin degerlendirilmesinde FIR algak gegiren filtre ile
calisilmistir.

2.4. istatistiksel Analiz

Onalt1 kiginin iki farkli oturumda, EEG, EKG, EDA ve PPG
Olctimleri gergeklestirilmistir. Her oturumda, mental igyiikii
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ve dinlenim durumuna dair alinan Slgiimlerin farki alinarak
iki grup arasinda non-parametrik Mann Whitney U testi
kullanilarak karsilastirilmigtir. EEG sinyalinin alfa bandi
baskilanmasi (delta, A,), EKG’nin farkli frekanslarina
(yiiksek, diisiik ve ¢ok diisiik olmak tizere, 0.15 — 0.4 Hz
arasi ise yliksek frekans, 0.04 — 0.15 Hz arasi diisiik frekans
ve 0.04 Hz degerinin asagis1 ¢ok diisiik frekans olarak)
tekablil eden giiclerinin dinlenim ve mental isyiiki
arasindaki farklari, EDA sinyalinin tonik ve fazik
bilesenlerinin dinlenim ve mental igyiikii arasindaki farklar
ve PPG nin dinlenim ve mental igyiikii arasindaki genlik
fark istatistiksel karsilastirmaya ayri ayr1 konu edilmistir.
Istatistiksel anlamlilik seviyesi 0.05 olarak kabul edilmistir.

2.5. Katihmcilar ve Etik Beyan

Noral yetkinlik hipotezinin incelenmesi amaciyla sporcular
ve sedanter katilimcilar goniillii olarak ¢alismamiza katki
saglamiglardir. Ulusal ve uluslararasi bagarilari olan milli
sporcular ve amatdr ligde sportif faaliyet yiiriiten katilimeilar
sporcu grubu ve hicbir sportif faaliyette bulunmayan
goniilliiler sedanter grubu olusturmustur.

Arastirmaya katkida bulunan géniillii grup, egitim seviyeleri
esdiizey, yas ve cinsiyet agisindan da es kriterler barindiran
(20-30 yas, erkek), herhangi bir nérolojik rahatsizlik gegmisi
bulunmayan ve ilag¢ kullanmayan 16 kisiden olugsmaktadir.

Bu ¢alisma Istanbul Arel Universitesi Etik Kurulu 2016/06
numaralt ve 23.12.2016 tarihli onay1 ile, ve Helsinki
Deklerasyonu prensiplerine uygun sekilde yiiriitilmiistiir.

3. BULGULAR

Mekik kosusu testi ile dncelikle deneklere ait maksimum
fiziksel performans degerleri belirlenmigtir. Goniilli
sporculardan olusan deneklere ait 6rnek deger tablosu Tablo
1’de belirtilmistir.

EEG ol¢limiinden gelen zaman serilerinin birer saniyelik
pencerelerde epoklanmasi ile gii¢ izgesi elde edilmis ve
frekans ¢iktilar1 ortalanarak hesaplanmistir. EEG’nin 8-13
Hz arasindaki alfa frekansi incelenerek giicii normalize
edilmis ve tiim frekans giiciine ulagilmustir.

Ortalama EEG  frekans spektrumu  Sekil 6’da
goriilebilmektedir. Bu spektrumda, mavi renk goz kapali
dinlenim durumunu, yesil renk ise mental aritmetik faza ait
ortalama EEG frekans dagilimini gdstermektedir. Tiim
gruplara ait dinlenim durumlart sol siitunda, mental aritmetik
paradigmasina ait tiim gruplarin frekans spektrumu ise sag
stitunda verilmistir.

Sekil 6 ve Sekil 7°de gozlemlendigi iizere, literatiirle ortiisiir
sekilde elit sporcularda diger denek gruplarina gore EEG alfa
baskilanmasi daha belirgin oldugu goriilmektedir.
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Tablo 1. Katilimcilarin mekik kosusu performans degerleri
Maksimum degerler Maksimum degerlerin %80 degerleri
Yas | VO2max | Stage | Mesafe (m) | Nabiz | %80VO2 | Stage | Mesafe (m) | Nabiz
Denekl 23 31.76 5 740 180 25.408 3 440 162
Denek?2 20 36.76 7 1000 192 29.408 5 620 156
Denek3 22 46.20 9 1560 198 36.96 7 1000 174
Denek4 22 28.30 4 560 186 22.64 3 300 162
Denek5 21 31.01 5 700 162 24.81 3 420 132
Denek6 21 46.20 9 1560 180 36.96 7 1000 160
Denek? 23 44.29 9 1660 170 35.432 7 1020 160
Denek8 20 52.02 11 2120 162 41.616 8 1440 146
Denek9 20 54.29 12 2360 162 43.432 9 1660 150
Denek10 | 23 38.14 7 1060 198 30.512 5 1000 160
Denek1l | 20 38.48 7 1100 180 30.784 5 1020 164
Denek12 | 22 57.10 12 2600 130 45.68 10 2120 120
Denek13 | 24 58.80 13 2740 112 47.04 11 2240 110
Denek14 | 23 42.34 8 1340 192 33.872 6 860 178
Denek15 | 23 43.60 9 1680 190 34.88 6 920 162
Denek16 | 22 40.87 8 1240 192 34.40 6 880 170
Alfa baskilanmasi, her grup adina, dinlenim durumunda ve
fiziksel aktivite sonrasit gergeklestirilen zihinsel isyiikii Ai= By ginionim @) — Fup i (@) (4)

(mental aritmetik islemi) esnasinda elektrofizyolojik
Olciimleme siiresince, GK1, MA, GK2 fazlarinda takip
edilmistir. MA akabinde hem sporcu hem sedanter grup
verilerinde alfa diisiisli saptanmistir. Degisim, her grup i¢in
kendi dinlenim durumu ve fiziksel yorgunluk sonrasi
6l¢timlenen EEG verisindeki alfa band1 zaman pencereleri ve
MA, GK2 gecis siireci incelenerek saptanmistir. Nicel
olarak, tepe noktasinin ani diisiis sergiledigi (deney
paradigmasinda igyikii faz gecis) kisimlari saptanarak,
varyasyonuna bakilmistir (4).

Delta, A, ile temsil edilen parametre, alfa baskilanmasini
nicel olarak ifade eden, i’nin sporcu ve normal (sedanter)
grup olarak iki farkli durumu igin, n’nin EEG frekans
spektrumunda dinlenim durumu tepe noktasi ve mekik kosu
sonrasi Ol¢ciimde elde edilen tepe noktasinin varyasyonu
olarak hesaplanmustir (4).

[ I I I . T

a) Sedanter dinlenim

[ I i . T
s 0 15

b) Sédanter mekik

T T T T T T T T T

r L L L r

c) Sporcu dinlenim

¢) Sporcu mekik

Sekil 6. Deneklerin dinlenim durumu ve fiziksel performans sonrasi elektrofizyolojik dl¢timleri:
Ortalama EEG frekans spektrumu: (mekik testi oncesinde) a) Sedanter, c) Sporcu frekans
spektrumunu, (mekik testi sonrasi) b) Sedanter, ¢) Sporcu frekans spektrumunu gostermektedir.

394



D G DURU
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0 I

sporcu sedanter

Sekil 7. Gruplararasi EEG alfa baskilanmas1 dagilimi

Katilme1  gruplarimin - EEG  frekans  spektrumlar
incelendiginde, EEG alfa band1 baskilanmasi degisiminin en
disiik degerine sporcu grubunda rastlanmig olup
(As=0.01548), sirasiyla sedanter (Ay=0.2319) gruplarin EEG
alfa baskilanma degisim degerleri daha belirgin olarak
gozlenmistir (Sekil 7). Bu bulgular néral yetkinlik hipotezini
desteklemektedir. Elit sporcularin performansa dayali
fiziksel yorgunluk ve zihinsel isyiikii aktivitesi sirasinda,
egitimli fizyolojiye sahip olan grup olarak, duruma alisik
olduklar1 ve fizyolojik olarak Ogrenilmislik s6zkonusu
oldugu i¢in daha az beyin aktivitesi ile dogru karara
ulastiklari, atanmig gorevi rahatlikla yerine getirdikleri
saptanmig ve bu bulgularin elektrofizyolojik kamiti elde
edilmistir. Kalp atim hizi degiskenligi, sedanter grup ve
sporcu grup icin hesaplanarak yiiksek, diisiikk ve ¢ok diisiik
frekansta spektral dagiliminda tespit edildigi gibi,
parametrik olmayan istatistik test uygulanarak elit sporcu
kalp atim hiz1 degiskenliginin 0.15-0.4 Hz aras1 etkin yiiksek
frekans GK dinlenim kosulu igin istatistiksel anlamli

oldugunu goézlenmistir (p=0.04). Burada gruplarin
benzesmesi baslangi¢ hipotezi farz edilmis, alternatif hipotez
olaraksa istatistiksel anlamli farklilasmasi kabuliine

dayanilmistir. Sporcular ile sedanterler karsilastirildiginda,
sporcu grupta EEG’de alfa baskilanmasinin daha belirgin
oldugu gozlenmistir. Zihinsel performans (MA) sirasinda
alfa aktivitesi diger durumlardakinden (GK1 ve GK2) diisiik
saptanmustir (Sekil 6). Bu durum, zihinsel aktivite esnasinda
alfa baskilanmasinin gostergesidir (Sekil 7).

Deri iletkenligine bakildiginda ise, EDA’nin zihinsel igyiikii
ve dinlenim durumlari arasinda tonik ve fazik bilesenlerde
farklilagtig1, =zihinsel efor sirasinda tonik bileseninin
ortalamasinda artis oldugu go6zlenmistir. Yine analizler
sonucunda, sporcu grup PPG yanitlarinin sedanter gruptaki
goniillilere oranla daha az ve kisa genlikli olduklart
saptanmigtir (Sekil 4-5). Bunun dayanagi olarak, 6zel grup
secilen sporcu katilimcilarin, sportif altyapilari daha giiglii

ve yetkin olmasi Ongoriilmektedir. Karsilagtirmali
incelendiginde, iki Ornek arasindaki PPG’de, mekik
seviyeleri yiliksek olan sporcu katilimcilarin  nabiz

degerlerinin dakikada 110 ile 130 atim araliginda varyasyon
gosterirken, karsilastirmali normal gruptaki deneklerin
nabizlar1 dakikada 180 ile 200 atim araliginda
seyretmektedir. Kalp atim verileri géz Oniine alinarak
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degerlendirildiginde, sporcu goniilliilerin fiziksel egzersize
toleranslari daha fazla oldugundan, literatir ile uyumlu
bigimde sedanter katilimcilarin nabiz degerleri sporculara
gore daha yiiksek saptanmustir.

4. TARTISMA

Bu caligmada, fiziksel yorgunluk ve mental isyiikiiniin
sporcular ve sedanterler olarak iki farkli grup igin
elektrofizyolojik  olgtimlerinin  etkisi  arastirilmistir.
Parametrik olmayan istatistik test bulgulart géz kapali
dinlenim durumuna ait yiiksek frekans araliginda istatistiksel
anlamlilik gosterirken, diisiik frekans ve ¢ok diigiik frekans
araliklar i¢in anlaml fark sunmamaktadir. Mental aritmetik
paradigmasi ile olusturulan zihinsel igyiikiiniin, literatiirde
taniml1 kontrollii performans tatbiki ile kontrollii fiziksel
yorgunluk olusturulan goniillillerde de EEG alfa diisiisii
yarattig1 ve sporcu goniilliilerde alfa baskilanmasinin kendi
icinde daha az oldugu gozlemlenmistir. Elde edilen bu onciil
bulgular dogrultusunda sporcu grup igin, sedanter gruba
kiyasla odaklanmalarinin daha basarili oldugu ve fiziksel
yorgunluk etkisine ragmen zihinsel isyiikiinden daha az
etkilendikleri 6ngoriilebilir. Noral yetkinlik hipotezine gore,
bilissel testlerde, gorece diisiik beyin aktivitesinin daha
yeterli ve yetkin anlaminda oldugu, az enerji ve diisiik beyin
aktivitesi ile ayni biligsel iglevin yerine getirilebildigi
belirtilmektedir [2,3]. Dolayisiyla konusunda egitimli
bireylerin 6grenme ile beyin aktivitelerini efektif kullandigt
ve profesyoneller ile amatdrler arasinda karar verme
mekanizmasinin ~ farkliligit  sdylenebilmektedir  [4].
Sozkonusu biligsel gorevlerin zorluk seviyesinin kolaydan
zora degisim gostermesi noral yetkinlik hipotezini
degistirmemektedir. Her seviyedeki biligsel gorev i¢in daha
zeki bireylerin daha efektif beyin aktivitesi sergiledigi
belirtilmekte ve c¢alismamizda bulgularda belirtildigi ve
hipotezle ortiistiigii gibi baskilanmis, degisimi diigiik beyin
aktivitesi sergiledigi goriilmektedir. Aritmetik mental geri
sayma gorevinin basart ile siirdiiriilmesi ve deney ardindan
boy, yas, kilo gibi basit sorular karsisinda sergilenen
performans degerlendirildiginde, elitlerin basar1 yiizdesinin
%350 oraninda yiiksek oldugu saptanmis, sedanterlerin
mental efora bagli olarak performans diisiisii yasadigi
gozlenmistir.

Iki grup katihmciya yénelik —elektrofizyolojik  6lgiim
sonuglart incelendiginde, noral yetkinlik hipotezinde
ongorildiigi sekilde sporcularin daha yetkin olduklart ve
diisik beyin aktivitesi ile ayn1 biligsel fonksiyonu
gerceklestirdikleri saptanmistir. VO2max 6l¢iimii, oksijen
tiketim hizinin  en yiikksek degerini  bildirirken,
kardiyorespiratuvar dayaniklilik 6lgiitii aerobik kapasitenin
6l¢limiinii saglamigtir. Mental isyiikii ile baglantili olan kalp
attm hizi degiskenligi ve eszamanli EEG Ol¢limleri,
literatiirde yer alan noral yetkinlik hipotezi ile ortiismektedir.

Degisen zorluk seviyelerinde mental aritmetik ve zihinsel
isytikii gorevleri uygulanarak kisilerin beyin karakteristigini
yansitan Oriintiiler elde edilebilir. Calismamizdaki amag,
egitimli fizyolojiye sahip, ayrica en yiiksek oksijen
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tiketiminin (VO2max) o6lgiitii olarak aerobik kapasitesi

gelismis  kisilerin, kontrollii ve mukayeseli fiziksel
performans ve yorgunluk durumunda karar verme
mekanizmalarinin, dolayisiyla EEG alfa odaklanma

aktivitelerinin ve degisimlerinin arastirilmasi olmustur.

Son yillarda, zihinsel igylikii ve elektrofizyolojik 6l¢timleme
arasindaki iligski siklikla arastirilmaktadir. Bu g¢alismanin
amaci, artan zihinsel isyiikil ile otonomik ve merkezi sinir
sisteminin elektrofizyolokij yanitlarinin dl¢limlenmesi ve
degerlendirilmesidir.

EEG, PPG, EDA, EKG olgiimlerinin  farklhi
kombinasyonlarinin birlikte gerceklestirildigi ¢aligmalara
literatiirde siklikla rastlanmaktadir. Bu dlgiimlerin tiimiiniin
eszamanli olarak sporcu grup iizerinde mental isyiikii
parametresi  Ozelinde  gerceklestirildigi  ¢alismamiz,
literatiirde 6zgiin bir yere sahiptir. Bulgularimiz gelecek
caligsmalar i¢in temel olusturmaktadir.
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Abstract

Pulse DC Sintering System (PDCS) is a cheap and quick way of producing different types of materials. After sintering of the
sample, the cooling of the PDCS container is needed before taking it out. The sample production time is the sum of the sintering
and the cooling time. Therefore, estimation of the sample cooling time must be made accurately to model sample production. Its
container dimensions and the material, it is made of, determines its temperature during cooling. In this paper, a thermal circuit
which models a pulse DC sintering system container during cooling is given. Its thermal circuit model is made assuming that
some heat leaks from the steel container to the cooper bars, the copper bars and the container all have natural convection and
also radiate heat to cool down. The thermal model is described with a set of nonlinear state-space equations. The state-space
equations are solved numerically using Runge-Kutta 4 method. The time required to make the sample cool down to ambient
temperature is calculated using simulations. The temperatures of the container and the copper bars of an PDCS system are
measured to find the experimental cooling time. The results are compared. The PDCS thermal model is able to verify the
experimental results. It has also been experimentally shown that the cooling time is not dependent on the sample type produced
for the examined PDCS system. Such a model can be easily implemented in an engineering software which aims to model the
sample production process of the PDCS system and can also be used for its optimization considering its physical parameters
such as dimensions, electrical and mechanical constants etc.

Keywords: Material Production, Pulse DC Sintering, Thermal Circuit Model

Darbeli DC Sinterleme Sistemi Konteynerinin Sogumasina Yonelik Termal Devre
Modeli
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Oz

Darbe DC Sinterleme (PDCS), darbe genlik modiilasyonlu dogru akim kullanarak farkl: tipte malzemelerin ucuz ve hizli bigimde
tiretilmesini saglayan bir yontemdir. Bu yontemde numunenin sinterlenmesinden sonra, PDCS konteynerinin sogumasi gerekir.
Toplam iiretim siiresi sinterleme ve soguma siiresinin toplamidir. Bu nedenle, numune iiretim zamanini modellemek i¢in numune
soguma siiresinin belirlenmesi gereklidir. Kalip boyutlart ve iiretilen malzeme, soguma sirasindaki sicakligi belirler. Bu
caligmada, soguma sirasindaki elektrik akim destekli sinterleme sistemi konteynerini modelleyen bir termal devre sunulmustur.
Is1 devresi modeli, ¢elik konteynerden bakir baralara is1 transferi oldugu; bakir baralar ve konteynerin soguma igin dogal taginima
sahip yaymim ile 1s1 yaydigi yaptigi kabuliiyle olusturulmustur. Termal model, dogrusal olmayan durum-uzay denklemleri ile
tanimlanmig ve denklemler numerik olarak Runge-Kutta 4 metodu kullanilarak ¢6ziilmiistiir. Numunenin ortam sicakligina kadar
sogumasi i¢in gereken siire simiilasyonlar kullanilarak hesaplanmistir. Elde edilen sonuglar, konteyner ve bakir bara sicakliklar
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deneysel olarak olgiilen bir PDCS sisteminden elde edilen sonuglarla karsilastirilmigtir. Deneysel olarak, soguma stiresinin,
incelenen PDCS sistemi i¢in iiretilen numune tipine bagli olmadigi da gosterilmistir. Boyle bir model, PDCS sisteminin numune
tiretim siirecini modellemeyi amaglayan bir algoritmaya ve bunu ger¢ekleyecek donanima kolayca uygulanabilir. Ayrica 6nerilen
model; boyutlar, elektriksel ve mekanik sabitler vb. fiziksel parametreleri dikkate alarak gerceklestirilebilecek optimizasyon
stireglerinde kullanilabilir.

Anahtar Kelimeler: Malzeme iiretimi, Darbeli DC Sinterleme, Termal Devre Modeli

1. INTRODUCTION 2. PDCS SYSTEM THERMAL CIRCUIT MODEL
o ] _ Heat transfer model of the PDCS system during cooling is
Pulse DC sintering system (PDCS) is a method which derived in this section. During cooling, the dissipated power
enables the production of different material types by using density per volume is zero. Considering the convection and
mechanical load and electric current to strengthen the inter- radiation losses, a lumped parameter thermal circuit model
particle bonding and to intensify bonding [1-10]. Prediction of the PDCS system is done.
of process time of sample production is an important PDCS
parameter [1-4]. Finding the cooling time of a PDCS device 2.1. PDCS System
is very important to predict the sample production time or the , . ) . .
process time since the sintering of the sample may also Let’s consider heating mechanism of the PDCS system given
continue during cooling. Therefore, a method is needed to in Figure 1. It consists of a cylindrical cut container made of
predict/calculate the cooling time. Heat transfer equations 1% carbon steel at whose middle cross-section, the sample
written for zero internal heat production describe also the covered with graphene is placed, two cylindrical stiffs made
cooling of the PDCS system. However, their solutions are of 1% carbon steel which are used to press the sample from
not analytically possible due to the fact that the system the bottom and above, the copper bar electrodes above and
having nonlinear mechanical and the heat transfer equations below the stiffs which are used for electrical connection to
coupled together and also having irregular boundaries sources. Cop_per par electrodes are actually Io_nger than the
making their solution not possible. A PDCS system for a ones shown in Figure 1. However, for modeling purposes,
complete analysis can be analyzed using numerical methods only the rectangular parts of the electrodes are considered.

Finite elements (FEM), Boundary elements (BEM) or Finite
differences (FD) methods. However, programs which uses
Finite elements (FEM), Boundary elements (BEM) or Finite

differences (FD) methods are expensive and also takes time Upper

to input the system parameters or physical dimensions and P
they also require some practice [11, 12]. This paper examines Container
the cooling of such a PDCS device using lumped-parameter Sample
thermal circuit model. First, the biot number for copper bars

and steel container are calculated and it is shown that it is Lower
possible to use the lumped parameter circuit to model the pim
PDCS system, the thermal circuit parameters are calculated, Eﬁsf;lt)g'des

and the dynamic model of the thermal circuit including

radiation and convection loss and the power transferred from

container to the copper bars are made. Since the thermal

circuit due to the radiation loss is also nonlinear, Simulink™

toolbox of MATLAB™ is used to simulate the dynamic

system during cooling. The cooling time is estimated from

the simulation data. Then, experiments are performed to

measure cooling time of the PDCS system for two Figure 1. The PDCS System.

intermetallic samples. Finally, the experimental and

simulated cooling times are compared.

This paper is arranged as follows. In the second section, the 2.2. Thermal Conductivity of Steel

PDCS system is introduced; the thermal circuit model and its . .

state-space equations are given. In the fourth section, the The therr_na_l conductivity of carbon steel data is taken from

experimental data acquired during cooling is given and the [13] and it is modeled as

results obtained from simulations and experiments are ks(T)=pT*+p,T+p, @

compared. The paper is finished with the conclusion section. Using the data and the least squares method, the coefficients
are found as pl = 4.0534e-006, p2 = -0.010813and p3 =
36.566.The steel thermal conductivity is to be used to model
between the container and the copper bars.
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2.3. Calculation of an Equivalent Biot Number

We have predicted that most of the heat transfer dynamics
from copper and steel container are governed by convection
and radiation. The steel and copper thermal resistances are
nonlinear circuit elements. Therefore, their temperature can
be assumed as uniform. In this paper, an equivalent Biot
number which takes not only the convection but also the
radiation is considered. It is defined as

Bi Convection and radiation from the surface of the object
The conduction from throuhout the object

@

Since the radiation is temperature dependent, we take a
maximum temperature of 1000 °C for the steel container to
calculate its equivalent Biot number and it is found less than
0.1. For copper bars, we have assumed they have the
symmetric temperature distribution by respect to container
and we take a maximum temperature of 200 °C for the copper
bars and their equivalent Biot number is also found to be less
than 0.1. Therefore, their temperature can be assumed to be
uniform Therefore, the PDCS system can be treated simply
as a lumped parameter problem, for which Bi < 0.1 and for
which it is seldom necessary to solve the conduction
equation, i.e., convection and radiation is the rate controlling
process [14]..Because of this, the temperatures of both the
copper bars and the steel container can be assumed to be
uniform.

2.4. Lumped-parameter Thermal Circuit

The thermal circuit shown in Figure 2 is considered in this
paper. The thermal circuit is a simple approximation to the
heat transfer model. The sample is placed at the container
center which can be insulator, intermetallic etc. The copper
and the steel sections, whose thermal conductivities are quite
high, conduct heat very well. The container has a low thermal
conductivity since it is made of steel. It has also a higher
electrical resistance than the copper electrode bars. Also, it
has a small area for convection and radiation. Its higher
electrical resistance, its lower thermal conductivity and its
smaller contact cross-section results in its temperature
getting greater than the copper electrodes, which has a better
thermal and electrical conductivities and a larger cross-
section for convection and radiation, during heating. Because
of these reasons, the container stores a significant amount of
thermal energy due to having a high temperature although its
volume or mass is quite less than the copper electrodes. The
copper electrode bars also store considerable amount of
energy due to its higher volume despite its temperature being
lower than the container. The ambient medium is air which
does not flow. Therefore, the system losses heat due to both
natural convection and radiation loss. The air temperature is
assumed to be constant at room temperature and its
convection constant is taken from [14] for the case that the
air flow speed is zero. It is assumed that the container and
the copper bars have homogenous initial temperatures. There
is a temperature gradient between the copper bars and the
container throughout the steel stiff sections staying outside
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the container. The thermal circuit model of the PDCS
container is given in Figure 2 and the circuit elements are
explained below.

Figure 2. The lumped parameter thermal circuit model of the
PDCS system during the cooling.

In the thermal circuit, R1 is the nonlinear thermal resistance
which models both the radiation and convection loss from
container and stiffs to the ambiance, R2 is the nonlinear
thermal resistance which models both the radiation and
convection loss from copper bars to the ambiance, RTH is
the thermal resistance of the stiffs, C1 is the thermal
capacitance of the PDCS container and the stiffs, C2 is the
thermal capacitance of the copper.

2.5. The State-space Model of the Lumped-parameter
Thermal Circuit

Considering conservation of the energy and submitting
object physical parameters such as area, surface, thermal
conductivity etc., the state-space model of the lumped-
parameter thermal circuit can be written as

dTy 4 B 2(T, - Te)
PsVsCs Tat A (kssgsTs +he (T =T, ))+ R, @)

dTe 4 _ _Z(Ts -Tc)
PVCe at A (ksagcTc +he (Tc T, )) R, 4)

WhereT; is the container temperature in Kelvin, T, is the
copper bars’ temperature in Kelvin, T_is the ambient
temperature, kg is the Stephan-Boltzman constant, ¢ is the
emissivity of the steel, & is the emissivity of the copper bars,
h. is the natural air convection constant, A, is the container
area, V; is the container volume, p; is the steel density, Cy is
the specific heat of the steel, V. is the copper bar volume,
p. is the copper density, C. is the specific heat of copper,
and R, is thermal conductance of the stiff section between

the container main body and a copper bar. The container
stiffs are made of steel and their thermal conductivity is a
function of temperature. Therefore, the thermal resistance,
R, of the inter-stiff sections staying between the container

and the copper bars is modelled as temperature-dependent
resistance:
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hstifft

RTH Ty rer—
ks (T) Ay

Q)

The sample volume is less than container volume. So is the
heat capacity of the sample. Therefore, its effect in the
thermal dynamics is ignored:
PsVsCs [ pe, Vs, Co, (6)
For the system used in this study, the copper bars have a
higher heat capacitance than the container has. They lose

heat due to convection since it is surrounded by air and also
by radiation.

Due to the high heat capacitance and also the heat lost from
the container to the copper bars, copper bar temperature rises
a little above the initial value while the container temperature
keeps falling down. When the copper bars’ and container
temperatures becomes equal, the copper bars’ and container
temperatures start falling down together At the beginning
since container temperature is a lot higher than the room
temperature and the system has natural cooling and radiation
loss. Since the radiation loss is proportional to the fourth
power of the temperature, the convection heat loss is less
than the radiation heat loss when sample is hot at the
beginning. The thermal circuit model also requires the initial
temperatures of the copper bars beside the initial temperature
of the container.

3 SIMULATIONS and COMPARISON OF THE
RESULTS

Figure 3. Simulink block diagram of the PDCS thermal
circuit during cooling.

Since the differential equations describing thermal circuit
equations are nonlinear, they require numerical solutions.
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That’s why numerical analysis of the PDCS system is
performed using SimulinkTM toolbox of MatlabTM. A
Simulink block diagram shown in Figure 3 is made to solve
this nonlinear equation. During simulations, container inner
radius, outer radius and height are taken as 16.5mm, 9mm,
23mm, respectively. Radius of both upper and lower pins are
taken as 9mm. Their total height is taken as 27mm and it is
assumed that they were stretched out equally, 2mm below
and 2mm above.

The reult obtained with the Simulink model is compared with
the real cooling data obtained using IR thermometer after
sintering process. The simulation and experimental cooling
characteristics with respect to time for 926°C initial
condition are shown in Figure 4.

1000

--=-Copper Bar Temperature
- - Container Temperature - Modelled
— Container Temperature - Experimental

900

800 |

700 |

600 [

500 [

Temperature (C°)

400 f

300 f

200

100

200 300 400
Time (s)

Figure 4. PDCS container temperature vs time by
simulations for 926°C initial condition.

0 100 500

We defined the cooling time as the time the container
temperature falls down to 200 °C and at this temperature the
hydraulic press is opened and the container is released. For
an initial container temperature of 926°C, the cooling time is
found around 500 seconds. The simulation and the
experimental cooling times are almost same. Therefore, the
lumped parameter thermal model of the PDCS system can
successfully be used to predict the sample cooling time for
different initial container temperatures. It has been also
found from the several experiments made with intermetallic
and insulator samples that the cooling time is almost
independent on the sample type produced for the reported
PDCS system and this verifies the assumption made in the
Section 0. For high steel temperatures, the steel stiff
resistances must be estimated well or their temperature
dependency must be modeled accurately for a good
estimation of the cooling time.

4. CONCLUSIONS

For a method like resistive sintering, it is very important to
estimate the sample production time which is the sum of the
sintering time and the cooling time. In this study, first a
thermal circuit model of the PDCS system is made.
Nonlinear Thermal resistances resulting from, radiation and
convection losses, and conduction are used in the thermal
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circuit. Thermal resistances and thermal capacitances of the
PDCS container, the inter-stiff sections, and copper bars are
also calculated using material properties and physical
dimensions. It is also highlighted that only the inter-stiff
sections’ thermal resistances, which connect the container to
the copper bars are of importance and the temperature
dependence of the rest of the thermal resistances in the PDCS
system is not of importance since the biot numbers are less
than 0.1. The cooling time is estimated by simulations.
Second, the temperature of the PDCS system container is
measured experimentally, after real sintering processes,
during cooling intervals. The cooling time is also calculated
from experiments. It has been found that the cooling time is
almost independent on the sample type produced for the
reported PDCS system since the sample volume is much less
than the container volume, its effect on cooling time is
negligible since the solids have almost the same specific heat
capacitance. And third, the results of the proposed thermal
circuit model in this study are compared to that of the real
experimental data. It has been shown that the simulation and
experimental results are in good agreement and our model is
able to predict cooling time with acceptable error. We leave
estimation the sintering time for the future work since it is
much more difficult to estimate than the cooling time due to
the internal heat produced in the PDCS container.
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Abstract

Let L, , be the free nilpotent Lie algebra of class k that of finite rank m, m = 2 over a field of characteristic zero. In this study,
we give necessary and sufficient conditions on the equalities of the central automorphisms group of L, , to the IA-

automorphisms group and inner automorphisms group of L,,, .

Keywords: Free Lie algebra, 14 —automorphisms group, inner automorphisms group, central automorphisms group.

1. GIRiS

K Karakteristigi sifir olan bir cisim, F,, K iizerinde
{x1, x5, ..., X } kilmesi tarafindan serbest olarak iiretilen
serbest Lie cebiri ve y, (E,), F, nin alt merkezi serisinin k-

ymci terimi olsun. O zaman Ly, = Fm/yk (E,) k —yinci
smiftan {x;, %, ..., X} kiimesi tarafindan iretilen serbest
nilpotent Lie cebiridir, X =x; +y,(F,), j=1,..,m
olmak iizere burada, X, yazilisi yerine kolaylik olmasi
agisindan x; yaziligini tercih edecegiz. Ly, nin tim
otomorfizmlerinin grubunu Aut(L,, ;) ile gdsterelim. Her
V € Ly i¢in adv: Ly, = Ly lineer doniisimi Ly, , nin

bir tiirevi olup nilpotenttir. Yani y;(F,) = 0 oldugundan
ad® 1y = 0 dir. Bu durumda,

adv ad?*v ad*2v
TR TR (T
lineer doniisiimii iyi tammh olup L, nmn bir
otomorfizmidir. Bu formdaki otomorfizmlere i¢ otomorfizm
denir. L,, , nin tiim i¢ otomorfizmlerinin kiimesi Aut(Lm,k)
nin bir normal altgrubunu olusturur ve bu grup Inn (Lm,k) ile
gosterilir. L', , Ly, min tiiretilmis altcebiri olmak tizere
eger a € Aut(Lm‘k) Ve U € Ly, icin a(u) —u € L'y, ise
a ya Lok nin IA —otomorfizmi denir.
Tiim /A —otomorfizmlerin kiimesi Aut(Lm_k) grubunun bir

eddv — 1
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O OZTEKIN

altgrubudur ve bu altgrup  1A(Lp, ) ile gosterilir. Z(Lp, ),
Ly, ;. nin merkezi olmak lizere eger f € Aut(Lmyk) veueE

Lpyicin f(u) —u€Z(Lyy,) ise B ya Ly, nmn
merkezi —otomorfizmi denir.
Tim merkezi —otomorfizmlerin  kiimesi Aut(Lm‘k)

grubunun bir normal altgrubudur ve bu altgrup  Aut¢ (L, ;)
ile gosterilir.

Lie cebirlerinin farkli tiplerdeki otomorfizmlerini, bu
otomorfizmlerin yapisint  ve Ozelliklerini  incelemek,
Ozellikle son zamanlarda tizerinde ¢alisilan olduk¢a dnemli
bir konu haline gelmistir. Ornegin, serbest Lie cebirler
kategorisinin otomorfizmleri [8], serbest nilpotent Lie
cebirlerinin otomorfizmleri [5], bir serbest metabelyen Lie
cebirinin otomorfizm grubu [10], bir serbest metabelyen Lie
cebirinin normal otomorfizmleri [7] calisilmugtir. Ozel bir
otomorfizm grubu olan merkezi otomorfizmler grubu ile
ilgili caligmalar da bulunmaktadir. Bir serbest nilpotent Lie
cebirinin merkezi otomorfizmleri [9] ve bir serbest center-
by-metabelyen Lie cebirinin merkezi otomorfizmleri [6]
incelenmistir. Merkezi otomorfizmlerle ilgili benzer
caligmalar grup teorisinde de [1-4] bulunmaktadir.
Calismamizin temel amaci, [A (Lm,k) = AutC(Lm‘k) olmasi
icin gerek ve yeter kosulun m = 2 ve k = 3 oldugunu ve
Inn(Lmlk) = AutC(Lmlk) olmast i¢in gerek ve yeter
kosulun m = 2 ve k = 3 oldugunu ispatlamaktir.

2. TEMEL SONUCLAR

Ly = Fm/Yk(Fm)’ k —yinc1 smiftan serbest nilpotent Lie

cebiri olsun. u,v € Ly, i¢in [u,v] komiitatdrii ile Lie
carpimini gosterecegiz. Z (Lm,k), Ly nin merkezi olmak

.. _1(F .
iizere  Z(Lmi) = Vie1(Lmx) = 7% 1 m)/yk(Fm) dir.
Béylece L, ; nin herhangi bir § merkezi —otomorfizmi

ﬁ(xi) =X + Vi, Vi € yk—l(Lm,k)' i = 1, W, m
formundadir.

Onerme 2.1. L, serbest nilpotent Lie cebiri olsun. m > 2
ve k = 1igin L, ; nin tiim merkezi otomorfizmleri /4 dir.

ispat. B € Autc(Ly,, ) alalim. Bu durumda B, B(x;) =
x; +v, v; € Vk—1(Lm,k) formundadir m>2 ve k>1
icin Y1 (Limx) € L'myx oldugundan B, Ly, nin bir IA-
otomorfizmi olur.

Onerme 2.2. L, , serbest nilpotent Lie cebiri olsun. m > 2
ve k = 3 igin L, , min tim [A —otomorfimleri merkezidir.

ispat. g € 14 (Lm,3 ) alalim. Bu durumda f,

Bx;) =x; + a[xj,xk], a€ K, Jke{l, .., m}
formundadir. L, 5 serbest nilpotent Lie cebirinin merkezi
Z(Lms3) = ¥2(Lms3) oldugundan B, L, 3 mn bir merkezi-
otomorfizmidir.
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Teorem 2.1. Ly, serbest nilpotent Lie cebiri olsun.
IA(Lm,k) = AutC(Lm‘k) olmasi igin gerek ve yeter kosul
m = 2 ve k = 3 olmasidir.

ispat. Onerme 2.1 ve Onerme 2.2. den elde edilir

Simdi Inn(Lm‘k) = Aut, (Lm‘k) olmas igin gerek ve yeter
kosulun m = 2 ve k = 3 oldugunu ispatlamak icin gereken
onerme ve teoremleri verelim.

Onerme 2.3. L, , serbest nilpotent Lie cebiri olsun. Eger g,
Ly nInyy_p (Lm‘ k) tarafindan belirlenen bir i¢ otomorfizmi
ise B merkezi —otomorfizmdir.

ispat. 8, Vi, (Lm_k) tarafindan belirlenen bir i¢ otomorfizm
olsun. Bu durumda 8, v; € }’k—z(Lm,k) olmak tizere
B(x;) = e*i(x;) = x; + [x;, v;] formundadar.

Bx) — % € Vi1 (Lng) = Z(Lymy) oldugundan B, Lo,
nin bir merkezi- otomorfizmi olur.

Teorem 2.2.

Lo,
Aut¢(Lpyy) = Hom ( ‘k/Z(Lm,k) ) Z(Lm‘k)> dir.

. L
ispat. o Autc(Lmy) - Hom( m'k/Z(Lm,k)'Z(Lm'k)>
homomorfizmini, her bir € Aut¢(Ly,y ) Ve u € Ly, igin

L
% ™ Z(L) ~ Z L)

op (u + Z(Lm,k)) =p) —u olmak iizere o(B) =oap
olarak tanimlayalim.

Once op min iyi tanimli oldugunu gosterelim.

Uy, Uy € Ly alalim.

L .
u + Z(Lm,k)' U + Z(Lm,k) € mlk/Z(Lm,k) 1¢1n

Uy + Z(Liy) =ty + Z(Lyy) Olsun. O zaman u; —u, €
Z (Lm_k) olup f merkezi otomorfizmi merkezdeki tiim
elemanlar1 sabit biraktigindan f(u; —u,) = uy —u, dir.

Buradan B (uy) —uy = B(uy) —u, ve

Z(Lini)) = 05 (1 + Z(Lumy)) elde edilir. Yani g5 iyi
tanimlidir.

Simdi ¢ nin iyi tanimli oldugunu gésterelim.

0, € Autc(Lmy) icin a(B) # () olsun. O zaman her
U € Ly igin 0(B) (u+Z(Lim)) = B0 —u # 6(u) —
—u=0(0)(u+Z(Lny)) olup B # 6 dir. Béylece o

nin iyi tanimli oldugu elde edilmis olur.
B € kero ise o(B) =0 dir. Buradan, her u € L, i¢in

o(B) (u+ Z(Lms)) = B@) —u =10 elde edilir, bu ise
B(u) = u yani B nin birim otomorfizm olmas1 demektir. O

halde, Id, birim otomorfizmi gostermek tizere kero = {Id}
olup o birebirdir.

aﬁ(u1+
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. L ..
Her bir h € Hom( m’k/Z(Lm’k);Z(Lm,k)> icin  p(w) =

u+h (u +Z (Lm,k)) olarak tanimlayalim. Burada b€
Aut, (Lm’k) oldugu agiktir.

h (u + Z(Lm,k)) =Bu) —u= d(B) (u + Z(Lm‘k))
esitliklerinden h = a(B) elde edilir. O halde ¢ 6rtendir.
Oyleyse o bir izomorfizmadir.

Teorem 2.3. Ly, serbest nilpotent Lie cebiri

olsun. Inn(Lm,k) = AutC(Lm,k) gerek ve yeter kosul
m =2 ve k = 3 olmasidir.

ispat. Inn(Lyy) = Autc(Ly,) oldugunu kabul edelim.
Her bir i¢c otomorfizmi merkezi ise Onerme 2.3 ten k = 3
oldugu elde edilir.

Lm,k
/Z(Lm’k) | mn(Lg)|,

L
|Z(Lm,k)| sirayla mlk/Z(Lmk) ) Inn(l‘m,k)» AutC(Lm,k)

veZ (Lm,k) nin rankini gostersin.

|[Aute(Lni) | ve

L,k /Z (L) Z (L x) sonlu rankh oldugundan,

L
| = el = ()
dir. Teorem 2.2 den

|Lm'k/ Z(Ly) | = HOM (Lmyk/ z (Lm.k)'Z(Lm'k)>
O] o R O L

dir. Buradan |Z(L,,.)| =1 elde edilir. Oyleyse k =3
oldugundan Z(L,,3) = {[x;, x,]}dir ve bdylece m = 2 elde
edilmis olur.
Simdi m = 2 ve k = 3 olsun.
B € Inn(Lzyg) ise

B =e*(x) = x; + [x;,u]
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formunda olup u € y;(Ly3) dir. Onerme 2.3 ten B €
Aut¢(Ly3) dir.
B e AutC(L2‘3) alalim.

B(x) =x; + [xj, xk], J ki€ {12}
seklindedir. j, k ve i nin alabilecegi tiim degerler i¢in f i¢
otomorfizmdir. Boylece

Aut(Lys) = Inn(Lys)
elde edilmis olur.

KAYNAKCA

[1] J. E. Adney, T. Yen, “Automorphisms of p-groups”,
Ilinois J. Math. 9, pp. 137-143, 1965.

[2] M. S. Attar, “On central automorphisms that fix the
centre elementwise”, Arch. Math., vol. 89, pp. 296-297,
2007.

[3] M. J. Curran, “Finite groups with central automorphism
group of minimal order”, Math. Proc. R. Ir. Acad., vol. 104,
no. A2, pp. 223-229, 2004.

[4] M. J. Curran, D. J. McCaughnan, “Central
automorphisms that are almost inner”, Communications in
Algebra, vol. 29, no. 5, pp. 2081-2087, 2001.

[5] M. Drensky, “Automorphisms of free nilpotent Lie
algebras Can. J. Math., vol. 13, no. 2, pp. 259-279, 1990.
[6] Z. Esmerligil, “On central automorphisms of free center-
by-metabelian Lie algebras”, IARJSET, vol. 3, no. 7, 2016.
[7]1 S. Findik, “Normal and normally outer automorphisms
of free metabelian nilpotent Lie algebras™, Serdica Math. J,
36, pp. 170-210, 2010.

[8] G. Mashevitzky, B. Plotkin, E. Plotkin,
“Automorphisms of the category of free Lie algebras”,
Journal of Algebra, vol. 283, no. 2, pp. 490-512, 2004.

[9] O. Oztekin, N. Ekici, “Central automorphisms of free
nilpotent Lie algebras”, Journal of Algebra and its
Applications, Doi. 1750205., 2016.

[10] V. Romankov, “On the automorphism group of a free
metabelian Lie algebra”, International Journal of Algebra
and Computation, vol. 18, no. 1, pp. 1-18, 2008.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2W-4V1MFK4-5&_user=867461&_coverDate=03%2F31%2F2009&_alid=928766778&_rdoc=19&_fmt=high&_orig=search&_cdi=5713&_sort=d&_docanchor=&view=c&_ct=230&_acct=C000046701&_version=1&_urlVersion=0&_userid=867461&md5=ac5007204c0d9cbd8250640280338eff

Academic Platform Journal of Engineering and Science 7-3, 406-413, 2019

i Academic Platform Journal of Engineering and Science
&
ACADEMIC journal homepage: http://apjes.com/
PLATFORM
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Oz

Son yillarda gii¢clendirme ¢alismalarinda siklikla kullanilan karbon elyaf takviyeli plastik levhalarin ahsap yapilari birlesim
bolgelerinde kullanimi incelenmistir. Bilindigi tizere ahsap yapilarin birlesim bolgelerinde gelik levha kullanimi sikga rastlanan
bir uygulamadir. Ancak ahsapta bulunan dogal nem nedeniyle ¢elik levhalar kolayca korozyona ugramakta, bu nedenle ahsap
yapilarin birlesim bolgelerindeki ahsap zamanla clirimekte ve ahsap yapilarin dmriinii kisaltmaktadir. Yapilan bu ¢aligmayla
celik levhalar yerine korozyona ugramayan CFRP (karbon elyaf takviyeli plastik) kullanimmin mekanik dayanim agisindan
uygunlugu arastirilmistir. Bu ¢alismada; kertmeli boy birlestirme numuneleri, u¢ uca boy birlestirme, L tipi, T tipi ve 45° gonye
numunelerinden hazirlanmstir. 6 ‘sar adet hazirlanan bu numuneler ¢gekme (boy birlestirme numuneleri i¢in) ve konsol egilme
(L, T ve 45° gonye numuneleri igin) deneyine tabi tutulmustur. Ayni cinsten numunelere ait sonuglar birbirleriyle
karsilagtirtlmistir. Cekme deney sonucunda karbon elyafla giiglendirilen numunelerin dayanimi ¢elik levhalarla giiglendirilen
numunelerin dayanimina gore kertmeli boy birlestirmede % 44 ve ug uca boy birlestirmede % 26 arttig1 tespit edilmistir.
Konsol egilme deney sonucunda karbon elyafla giiclendirilen numunelerin dayanimu ¢elik levhalarla gliglendirilen numunelerin
dayanimina gore L birlestirmede %60, T birlestirmede % 67 ve 45° gonyeli birlestirmede % 80 arttig1 tespit edilmistir.

Anahtar Kelimeler: Karbon Elyaf Takviyeli Plastik (CFRP), Ahsap, Kertmeli Boy Birlestirme, Cekme Dayanimi, Konsol egilme

Investigation of Used of Carbon Fiber Reinforced Polymer Sheets in Joints of
Wooden Structures
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Abstract

In recent years, the usage of carbon fiber reinforced plastic sheets which are frequently used in reinforcement works in the joints
of wooden structures were investigated As it is known, the use of steel plates in the joints of wooden structures is a common
application. However, due to the inherent moisture in the wood, the steel plates are easily corroded, so the wood in the joints of
the structures decays and shortens the life of the wooden structures. In this study, the suitability of the use of noncorrodible
CFRP (carbon fiber reinforced plastic) instead of steel sheets in terms of mechanical strength was investigated. In this study,
Longitudinal Notched Lap Joint samples from end-to-end on length, L type, T type and 45 ° miter samples were prepared. 6
specimens of each sample were subjected to tensile test (for Longitudinal Notched Lap Joint samples) and console bending (for
L, T and 45 ° miter samples). The results of the specimens in each sample type were compared with each other. As a result of
the tensile test, the strength of carbon fiber-reinforced samples was found to increase 44% for the Longitudinal Notched Lap
Joint samples and 26% in end-to-end joining samples and 9% in tongued longitudinal joining samples, according to the strength
of the samples reinforced by steel plates. As a result of the console bending test, the strength of the carbon fiber reinforced
samples was found to increase by 60% in the L-joining, 67% in the T-joining and 80% in the 45 ° miter joint samples according
to the strength of the steel plates reinforced samples.
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1. GIRiS

Son zamanlarda ahsap yapilarin gii¢lendirilmesinde g¢elik ve
betonarme yapilarin gii¢lendirilmesinde oldugu gibi FRP
uygulamalar1 kullanilmaya baglanmigtir. Ahgap yapilarda
birlestirme tiirline goére eleman boyutlandirilmaktadir.
Yiiksek performansl birlestirme sistemlerinin
kullanimindaki avantaj ise aymi dayamiklilikta daha az
hacimde malzeme kullanimini saglamaktir. Zamanla dis
etkenler ve deprem sonucu olusan hasarlart gidermek,
restorasyon yaparak yapmin yik tasima kapasitesini
arttirmak, tasarimda yapilan hatalar sonucu ortaya ¢ikan
erken yorulma ve olusacak kirtlmalarin 6niine gegmek gibi
sebeplerden ahsap yapilarin giiglendirilmesi gerekmektedir.
[1]. Tiirkiye deprem bolgesinde oldugundan dolayi, deprem
sonucunda zarar goéren yapilarin onarim ve giiclendirme
yontemlerinin zaman igerisinde gelistirme zorunlulugu
ortaya ¢cikmaktadir. Ayni zamanda depreme dayanikli yapi
tasarimi icin ilerleyen siireclerde farkli yonetmelikler
cikartilmaktadir.[2-3]. Ulkenin farkli sehirlerinde uzun yillar
once yapilmis ahsap yapilarda dogal etkilerden dolayi
kagmilmaz bir yipranma goriilmektedir. Durabilite elde
etmek igin ahsap yapilarin zayif bolgeleri ve Ozellikle
birlestirme bolgeleri giiclendirilmelidir. Bu gii¢lendirme
Ahsap yapilarin birlestirme bolgelerinde ¢ekme ve egilme
yiiklere karsi gelik levhalar kullanilmaktadir.[4]. Ahsap
yapilarda istenen dayanimi saglayacak tasarim, uygun
birlestirme detaylarina baglidir. Ahsap birlestirmeler ahsabin
farkli agilarla birbirine baglanmasi ve uygun birlestirme
eleman kullanimi sonucunda meydana gelmektedir. Ahsap
birlestirme teknikleri genel olarak, yan yana (enine), u¢ uca
(boyuna), kdse ve T- tipi birlestirmeler olarak siralanabilir.
Bu birlestirme teknikleri ¢esitli tasiyict sistemlerin
olusturulmasinda yaygin olarak kullanilmaktadir. [5]. Ahsap
yapilarin birlestirme bdlgelerinin biiyiik yiiklere maruz
kalmast durumunda ¢6ziim olarak giiniimiizde metal plaka
kullanim1 yaygindir. Ancak ahsabin dogasi geregi nemli bir
malzeme olmasindan dolayr metali kolayca korozyona
ugrayabilmektedir. Ote yandan korozyona ugrayan metal
birlesim yiizeylerinde ahsabi kisa zamanda c¢ilirlimesine
neden olmaktadir. Bu nedenle Ahgap yapilarda metal
kullanim1 yapilarin durabilitesi agisindan problem tegkil
etmektedir. Giiniimiize kadar ulasan bir¢ok karakteristik
tarihi ahsap yapilarin birlesim detaylar1 incelendiginde
mimkiin oldugunca metal ¢ivi, bulon ve levha
kullanilmadig1 gorilmektedir [6]. Giintimiizde tarihi ahsap
yapilarin uzun siire ayakta kalabilmesi ve dayanimi
konusunda bircok bilimsel calisma bulunmaktadir. Ote
yandan arastirmacilar, ahsap yapilar iizerine elyaf takviyeli
plastiklerle giiclendirmeler konusunda ¢ok sayida ¢aligmalar
yapilmustir. Bu ¢aligmalar incelendiginde; Premrov, M ve
arkadaglar1: karbon elyafla giiclendirilmis ahsap iskeletli
yapinin analizi lizerine yapilan ¢aligmalarda, Ahsap plakalari
75 mm'lik karbon fiber takviyeli plastikler ile giliglendirme
neticesinde % 50 oraninda daha yiiksek mukavemet tespit
edilmesidir [7]. Baska bir ¢aligmada ise; dort tiir agagtan
alman numuneler epoksi kullanilarak CFRP ile
giiclendirilmis ve bu numuneler hizlandirilmis yaglanma
testine tabii tutulmuslardir. Deney sonucunda mukavemetin
aga¢ yogunlugu ile dogru orantili artig gosterdigini ve gekme
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mukavemetinin 0.15 0.25 kg/m2 arasinda deger aldigi
saptanmistir [8]. Bir diger ¢aligma ise ahsap yapilarin
kirigleri CFRP kullanarak giiclendirilmis, hazirlanan
numuneler egilme deneyine tabii tutulmuglardir. Sonug
olarak kirislerin egilme mukavemeti % 44 artarken teorik
analiziyle % 5.05 hata pay1 kullanarak % 39 aratacagi tahmin
edilmistir [9]. Martin Svitak ve arkadaslar1 yaptiklari ¢aligma
ise Karbon elyaf kullanarak ahgabi gii¢lendirme imkani
incelediler, numuneler burkulma testine tabi tutularak 4
noktaya yiik uygulandi. Deneylerin sonucunda numunelerin
mukavemeti %17 oraninda arttigi gorillmiistir [10].
Lugginve Bergmeister yaptiklari c¢alisma ise ahsap
elemanlarna lifler istikametinde epoksi siirerek ve CFRP
kullanarak gii¢lendirilmis ve kesme iizerine calismalar
yapmuslardir. Deneysel ¢alismalar neticesinde % 32 oranda
iyilesme gozlemlenmigtir [11]. Borri, A., ve Corradi
yaptiklart calisma ise ahsap yapi elemanlar1 karbon elyaf
kullanarak giiclendirilmis ve yiik altinda davranislari {izerine
caligmalar yapilmistir. Bu c¢alismalar sonucunda bulunan
ahsap yapi1 elemanin lineer olmayan modeller ile sanilan yiik
degeri mukayese edilmistir [12]. Pupsys Tomas ve
arkadaglar1 yaptiklari ¢alisma ise Ahsap kirigler, cam elyaf
ve vidalarla gili¢lendirmislerdir. Hazirlanan numuneler farkli
dort noktada egilme testine tabi tutulmuslardir. Deneysel
calismalar, giiclendirme yonteminin etkinligini géstermistir.
Bu yiizden yeni insa edilecek yapilarda ve ahsap yapilarin
restorasyonda kullanilmaktadir [13]. Yashida Nadir ve
arkadaglar1 yaptiklar1 ¢alisma ise Karbon elyaf ile takviye
edilmis polimer kullanarak ahsgap kirigleri
giiclendirmislerdir. Elde edilen sonuclara goére c¢ekme
mukavemeti %36 ve %64 oranlarinda arttig1 gézlemlenmistir.
Bu oranlar takviye oranlarinin sirasiyla %1.67 ve %3.33 oldugunda
elde edilmistir [14]. Muratoglu yaptig1 ¢alisma ise sarigam
odundan hazirlanan numuneler CFRP ile epoksi kullanilarak
giiclendirilmistir. Numuneler statik egilme deneyine tabi
tutulmustur. Sonug¢ olarak gliglendirilen numunelerinde
%108,66 daha iyi statik egilme direnci oldugu sonucuna
ulagmugtir [15]. Peter A ve arkadaglar yaptiklari ¢alisma ise
farkli ahsaplarin yiiksek performansli boy birlestirmelerine
dayali caligmalar yapmuslardir. Birlestirme bdlgelerine cam
elyaf sararak ve bu numuneleri ¢ekme testine tabi tutarak
deney sonucunda elde edilen gerilme _ birim deformasyon
grafikleri yiiksek performans gosterilmistir [16].

J.P. Reis ve arkadaglar1 yaptiklar1 ¢aligma ise Karbon elyaf
ile birlestirilen polimer seritlerle gii¢lendirilmis ahsap
kirigler tzerinde c¢esitli deneyler yapmuslardir. En 1iyi
sonuglari elde etmek i¢in numuneleri farkli yiiksekliklerde
hazirlamiglardir. Numuneler ¢ eksenli egilme deneyine tabi
tutulmustur. Elde edilen verilere gére dort katman karbon
plaklarla dis takviye yapilmasi ile en iyi sonuglar elde
edilmistir [17]. Yukardaki c¢aligmalar incelendiginde
Genellikle tasiyici sistem elemanlari g¢ekme, basing ve
egilme kuvvetlerine maruz kalan elemanlar iizerinde
FRP’lerle giiglendirme yapildigr goriilmektedir. Bu tiir
caligmalarda FRP kullaniminin  yayginligi, FRP'nin
ozelliklerinin metalin 6zelliklerine gore daha estetik, daha
hafif, daha esnek ve korozyona daha dayanikli olmasidir. Bu
calismada ¢ekme ve egilme kuvvetlerine maruz kalan ahsap
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tastyici sistemlerin CFRP levhalar ile giiglendirilecektir. flk
olarak epoksi ve bulon kullanarak birlestirilmis ham ahsap
numuneler ve metal levhalar kullanarak gliclendirilmis ahsap
numunelerin mekanik dayanimi tespit edilmis, Daha sonra
karbon elyaf levhalar kullanarak gii¢clendirilen numunelerle
kargilagtirilmistir. Boylece ahsap yapilarda metal birlesim
elemanlar1 yerine Karbon elyaf takviyeli plastik (CFRP)
levha kullanilmasi arastirilmistir.

2. MALZEME VE YONTEM
2.1. Ahsap

Numuneler hazirlandiginda kullanilan kurutulmus, lifleri
diizgiin, budaksiz, kusursuz, mantarlar ve bocekler
tarafindan zarara ugramamis 1.simf saricam, Sakarya
bolgesindeki kereste firmalardan elde edilmis ve rastgele
secim yontemi ile secilmigtir. Ag¢ik havada kurutulmus
ahsabin nem oram %1543 araliginda, ortalama yogunlugu
0,526 g/cm3, liflere paralel yonde basing direnci 54 N/mm?2,
liflere dik yonde basing direnci 77 N/mm2, elastikiyet
modiilii 11700 N/mm?2, Egilme direnci 98 N/mm?2 ve Cekme
direnci 102 N/mm2. Numuneler, yapilacak deneyler dikkate
alinarak lif yonlerine uygun kesilerek hazirlanmistir. [18,20]

2.2. Karbon Elyaf Takviyeli Plastikler (CFRP)

Numunelerin  hazirlamasinda kullanilan karbon elyaf
levhalar, birbirine dik, ¢ift dogrultuda elyafla iiretilen 2
mm'lik kalinlikta ve uygun boyutlarda kesilerek temin
edilmistir. Karbon elyaf diisiik yogunluga sahip (1.8 g/cm3),
celikten 5.2 kat daha hafif ve nemden etkilenmez ve bu
sayede siirsiz raf Omriine sahip, siirtinme ve yorulma
mukavemeti ¢ok yiiksek ve 1siya karst boyutsal stabilite,
yiikksek ¢ekme dayanimina (germe dayanimi 3450 4850
GPa) sahip bir malzemedir. Karbon elyaf sahip oldugu bu
ozellikler icin gerek onarim ve gerek gili¢clendirme
calismalarinda tercih edilmektedir. [19]

2.3. Epoksi

Kullanilan iki bilesenli epoksi, diger termoset plastikler gibi
belli siire sonra s1v1 halden kat1 hale gegen ve takip eden bir
iki hafta i¢inde kuruyarak nihai sertlige ulagsan ve ahsap
yapilarda kullanima uygun bir epoksi ¢esididir. Cam veya
karbon elyaf ile kombinasyonu yiiksek mekanik dayanima
sahiptir, Yiiksek asinma direncine sahip, ugucu olmayan ve
kimyasal direncleri yiiksektir, disiik ve yiksek sicaklarda
sertlesebilme ozelligine de sahiptir. Egilmede Cekme
Dayanimi min 25 N/mm? ve basing Dayanimi min 90
N/mm?. Bu sayede uzay ve havacilik teknolojilerinde,
otomotiv, medikal, denizcilik ve insaat alaninda siklikla
kullanilir [19].

2.4.Numuneleri Hazirlanmasi

2.4.1. Cekme Deney Numuneleri Hazirlanmasi
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Numuneleri hazirlamak i¢in 5%10 cm boyutlarinda, 20 Cm
ve 30 Cm uzunlugunda 1.sinif ¢atlaksiz ve budaksiz sarigam
ahsap kesilip Etiivde 105 C 24 saat bekletilmistir. Her grup
numune ¢esidi igin 6 ’sar numune hazirlanmistir.
Giliglendirme isleminde kullanilan levhalar kertmeli boy
birlestirmeleri i¢in 30 cm ve ug uca birlestirmeleri i¢in 15 cm
uzunlugunda kesilmistir. Kertmeli boy birlestirme icin
kesilen 5*10*30 cm masif ahgabin ucundan 2.5*10 cm
boyutlarinda ve 10 Cm uzunlugunda bir parga ¢ikarilarak
hazirlanmigtir.  Hazirlanan bu  numuneler ug¢ uca
birlestirilerek kullanilacak malzeme c¢esitlerine gére 6 ’sar
numune {retilmigtir. Sekil 1(a) gosterdigi gibidir. Ug uca
birlestirme numunelerinin hazirlanmasinda kesilen 5*10*20
cm masif ahsabin u¢ uca epoksi silirerek yapistirilarak
kullanilacak malzeme cesitlerine gore 6’sar numune
iretilmistir. Sekil 1(b) gosterdigi gibidir. Tiim numuneler
hazirlandiktan sonra igkenceler kullanilarak 72 saat
preslenmistir.
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Sekil 1. Karbon elyaf levhalar kullanarak hazirlana boy
birlestirme numuneleri

2.4.2. Konsol
Hazirlanmasi

Egilme Deney  Numunelerinin

Giiglendirme isleminde kullanilan levhalar farkli tiplerde,
(L, T ve 45°) kesilmistir. Numuneleri hazirlamak igin 5*10
cm boyutlarinda ve 30 cm ve 50 cm uzunlugunda 1.sinif
catlaksiz ve budaksiz sarigam ahsap kesilip etiivde 105 °C de
24 saat bekletilmigtir. L tipi birlestirme hazirlanmasinda
kesilen 5*10 cm boyutlarinda ve 30 cm uzunlugunda masif
ahsap L seklinde tst iste yerlestirilerek hazirlanmistir. Sonra
blonlu, metal levhali ve karbon levhali numunelerinden 6
’sar numune {iretilmigtir (Sekil 2.a). T. tipi birlestirme
hazirlanmasinda kesilen farkli uzunluktaki iki parca masif
ahsap kertilmis, Kesilen ahsap T seklinde {ist iiste
yerlestirilerek hazirlanmistir. Sonra blonlu, metal levhali ve
karbon levhali numunelerinden 6 ’sar numune {iretilmistir.
(Sekil 2.b) 45° gonyeli birlestirme hazirlandiginda kesilen
iki diiz ahsap (50 cm uzunlugunda) parcalarin birinin
ucundan ve digerinin ortasindan kertilerek, ahsaplar 45
derece agiyla {ist iiste yerlestirilerek hazirlanmistir. Sonra
blonlu, metal levhali ve karbon levhali numunelerinden 6
’sar numune iiretilmistir. (Sekil 2.c)
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Sekil 2. Karbon elyaf levhalar kullanarak hazirlanan kose
birlestirme numuneleri

Tim numuneler hazirlandiktan sonra iskenceler kullanilarak
72 saat preslenmistir. Hazirlanan tiim numuneler ilgili Tiirk
standartlarinda verilen talimatlara uygun olmasina 6zen
gosterilmistir. [18,20,21,22]

2.5. Deney Yontemleri

Deneylerde, numunelere lif dogrultusunda ¢ekme gerilmesi
uygulanarak yiike karsilik gelen uzama/sehim degerleri
bilgisayar ortaminda kaydedilmistir [23]. Ede edilen bu
degerler kullanilarak Cekme gerilmeleri, birim deformasyon
ve moment etkileri hesaplanmistir. Cekme deneylerine ait
gerilme-deformasyon grafikleri konsol egilme deneylerinde
ise yik sehim degerleri grafikleri ¢izilmistir.

3. DENEYSEL CALISMALARIN SONUCLARI VE
DEGERLENDIRME

3.1. Cekme Deney Sonuclar:

6 ‘sar adet hazirlanan numuneler 50 ton’luk ¢ekme cihazinda
¢ekme deneyine tabi tutulmus ve elde edilen sonuglarina
gore standart sapma dikkate alinarak her gruptan en az 4’ er
numune hesaba katilmistir.

Numuneler ¢ekme makinesinin ¢eneleri arasinda alt ve
iistten sikistirarak ceneler aras1 mesafe degerleri ve yiikleme
hiz1 TS 2475' e uygun olmasi dikkate alinmustir [13] (Sekil
3).
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Sekil 3. Cekme deneyine tabi tutulmus kertmeli ve ug uca
boy birlestirme numuneleri

a) Kertmeli Boy Birlestirme

Deneyler sonuglarinin daha kolay degerlendirilebilmesi ve
net olarak birbirleriyle karsilagtirilabilmesi agisindan CFRP
ile giiclendirilmis numuneler ve metal plakali ve ham
numunelere ait gerilme degerleri ve ortalama gerilme
degerleri Tablo 1’ de verilmistir.

Tablo 1. Kertmeli boy birlestirme gerilme ve ortalama
gerilme degerleri tablosu

NumuneAd: N1 N2 N3 N4 Ort
(Mpa) (Mpa) (Mpa) (Mpa) (Mpa)
Ham 5389 4.807 6.552 5.490 5.562
Metal levha 19.283 18.181 20.648 19.321 19.358
CFRP levha 29.968 28.144 25.696 27.292 27.775

Tablo 1, incelendiginde ham numunelerinde ortalama ¢ekme
gerilmesinin  5.562 Mpa oldugu, Metal numunelerinde
ortalama ¢ekme gerilmesinin 19.358 Mpa oldugu, CFRP
numunelerinde ortalama ¢ekme gerilmesinin 27.775 MPa
oldugu tespit edilmistir. Her birlestirme numunelere ait
ortalama grafiklerin birbiriyle karsilastirilmasi i¢in aym
grafik {izerinde verilmistir (Sekil 4).
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Sekil 4.Kertmeli boy birlestirmenin ortalama gerilme-birim
deformasyon grafigi

Elde edilen karbon elyaf kullanarak hazirlanan numunelerin

degerleri diger numunelerle karsilastirildiginda Sekil 5°te

goriildiigii gibi karbon elyaf levha numunelerin ham

olanlardan 4 kati daha yiiksek mukavemete sahip oldugu ve
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metal levha numunelerinden 44 % daha yiliksek mukavemete
sahip oldugu tespit edilmistir.
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Sekil 5.Kertmeli boy birlestirme numunelerine ait ortalama
gerilme degerleri
b) Ug Uca Boy Birlestirme

Deneyler sonuglarinin daha kolay degerlendirilebilmesi ve
net olarak birbirleriyle karsilastirilabilmesi agisindan CFRP
ile gii¢lendirilmis numuneler ve metal plakali ve ham
olanlara ait gerilme degerleri ve ortalama gerilme degerleri
Tablo 2’ de verilmistir.

Tablo 2. Ug uca boy birlestirme gerilme ve ortalama
gerilme degerleri tablosu

Numune N1 N2 N3 N4 Ort

Adi (Mpa)  (Mpa) (Mpa) (Mpa) (Mpa)
Ham 6.623 5.659 5.522 6.274 6.082
Metal levha 12.509 12.320 12.100 12.060 12.293
CFRP levha 16.4628 15.012 14.317 15.925  15.428

Tablo 2, incelendiginde ham numunelerinde ortalama ¢ekme
gerilmesinin 6.082 Mpa oldugu, Metal kontrol olanlarda
ortalama c¢ekme gerilmesinin 12.293 Mpa oldugu, CFRP
numunelerinde ise ortalama ¢ekme gerilmesinin 15.428 MPa
oldugu tespit edilmistir. Her birlestirme numunelere ait
ortalama grafiklerin birbiriyle karsilastirilmasi igin ayni
grafik tizerinde verilmistir. (Sekil 6).
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Sekil 6.Ug uca boy birlestirmenin ortalama gerilme-birim
deformasyon grafigi

Elde edilen karbon elyaf kullanarak hazirlanan numunelerin
degerleri diger numunelerle karsilastirildiginda Sekil 7°de
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goriildigi gibi karbon elyaf levhalarinin ham olanlardan 154
% daha yiiksek mukavemete sahip oldugu ve metal levha
numunelerinden 26 % daha yiiksek mukavemete sahip
oldugu tespit edilmistir.

KARBON LEVHA

=
oN
1

GERILME(MPA)

O N & O R
|

= HAM L. METAL LEVHA

Sekil 7. Ug uca boy birlestirme numunelerine ait ortalama
gerilme degerleri

3.2. Konsol Egilme Deneyi Sonuclari

6 ‘sar adet hazirlanan numuneler 50 kKN masaiistii ¢ekme-
egilme cihazinda konsol egilme deneyine tabi tutulmus ve
elde edilen sonuglara gore standart sapma dikkate alinarak
her gruptan en az 4’ er numune hesaba katilmistir.
Hazirlanan numuneler ¢ekme-egilme cihazinda 6zel olarak
tasarlanan deney diizenegine yerlestirip iskenceler
vasitasiyla sikistirarak yiikleme hizi TS 2474 'e uygun olmast
dikkate alinmistir [24]. Teste tabi tutulan numuneler Sekil 8
da verilmistir.

Sekil 8. Konsol egilme deneyine tabi tutulmus L-T-45°
Gonye tipi birlestirme numune

a) L tipi birlestirme

Deneyler sonuglarinin daha kolay degerlendirilebilmesi ve
net olarak birbirleriyle karsilastirilabilmesi agisindan CFRP
ile giiclendirilmis numuneler ve kontrol numunelere ait
moment degerleri ve ortalama moment degerleri Tablo 3’de
verilmistir.

Tablo 3, incelendiginde ham Kontrol numunelerinde
ortalama egilme momentinin 194.12 kN.cm oldugu
goriilmektedir. Metal kontrol numunelerinde ortalama

egilme momentinin 343.76 kN.cm oldugu gdriilmektedir.
CFRP numunelerin de ortalama egilme momentinin 549.12
kN.cm oldugu tespit edilmistir. Her birlestirme numunelere
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ait ortalama grafiklerin birbiriyle daha rahat karsilagtirilmasi
icin ayni grafik tizerinde verilmistir (Sekil 9).

Tablo 3. L birlestirme konsol egilme deneyi sonucunda
moment degerleri tablosu

Numune N1 N2 N3 N4 Ort
Ad1 (kNcm) (kNcm) (kNcm) (kNcm) (kNcm)
Ham 191.76 19244 193.73 198,55 194.12

Metal levha 372.85 337.84 323.83
CFRP levha 567.66 467.11 584.05

340.50 343.76
577.65 549.12

L birlestirmede elde edilen moment degerler kontrol
numuneleri moment degerleriyle karsilastirildiginda Sekil
10°da goriildigii gibi karbon elyaf levhalarin ham olanlarin
momentine gore % 183 ve metal levha numunelerinin
momentine gore % 60 arttig1 gorilmiistiir.
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Sekil 9.L tipi birlestirmenin ortalama moment-sehim grafigi
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Sekil 10.L tipi birlestirme numunelerine ait ortalama
moment degerleri

b) T tipi birlestirme

Deneyler sonuglarinin daha kolay degerlendirilebilmesi ve
net olarak birbirleriyle karsilagtirtlabilmesi agisindan CFRP
ile giiclendirilmis numuneler ve kontrol numunelere ait
moment degerleri ve ortalama moment degerleri Tablo 4°te
verilmistir.

Tablo 4.T birlestirme konsol egilme deneyi sonucunda
moment degerleri tablosu
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Numune N1 N2 N3 N4 Ort
Ad1 (kNcm) (kNcm) (kNcm) (kNcm) (kNcm)
Ham 23531 249.22 223.60 249.47 239.40

Metal levha 385.93 377.84 351.86 353.76 367.35

CFRP levha 555.66 609.85 570.97 704.37 610.21

Tablo 4, incelendiginde ham Kontrol numunelerinde
ortalama egilme momentinin 239.40 kN.cm oldugu
goriilmektedir. Metal kontrol numunelerinde ortalama
egilme momentinin 367.35 kN.cm oldugu goriilmektedir.
CFRP numunelerin de ortalama egilme momentinin 610.21
kN.cm oldugu tespit edilmistir. Her birlestirme numunelere
ait ortalama grafiklerin birbiriyle daha rahat karsilastiriimasi
icin ayni grafik tizerinde verilmistir. Sekil (11)
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Sekil 11.T tipi birlestirmenin ortalama moment-sehim
grafigi

T birlestirmede Elde edilen moment degerler kontrol
numuneleri moment degerleriyle karsilastirildiginda Sekil
12’te goriildiigi gibi karbon elyaf levhalarin ham olanlarin
momentine gore % 155 ve metal levha numunelerinin
momentine gore % 67 arttig1 gorillmistiir
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Sekil 12.T tipi birlestirme numunelerine ait ortalama
moment degerleri

C) 45° gonye tipi birlestirme

Deneyler sonuglarinin daha kolay degerlendirilebilmesi ve

net olarak birbirleriyle karsilastirilabilmesi agisindan CFRP

ile giliclendirilmis numuneler ve kontrol numunelere ait

moment degerleri ve ortalama moment degerleri Tablo 5’de

verilmistir.

Tablo 5. 45° gonye birlestirme konsol egilme deneyi
sonucunda moment degerleri tablosu

Numune N1 N2 N3 N4 Ort
Ad1 (kNcm) (kNcm) (kNcm) (kNem)  (kNem)
Ham 371.12 348.05 370.37 39150 370.26
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Metal levha 579.95 584.66 700.0 47577 585.11
CFRPlevha 1060.08 957.66 1059.65 1118.23 1048.90

Tablo 5, incelendiginde ham Kontrol numunelerinde
ortalama egilme momentinin 370.26 kN.cm oldugu
goriilmektedir. Metal kontrol numunelerinde ortalama
egilme momentinin 585.11 kN.cm oldugu goriilmektedir.
CFRP numunelerin de ortalama egilme momentinin 1048.90
kN.cm oldugu tespit edilmistir. Her birlestirme numunelere
ait ortalama grafiklerin birbiriyle daha rahat karsilagtiritlmasi
icin ayni grafik tizerinde verilmistir. Sekil (13)
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Sekil 13.45° gonye tipi birlestirmenin ortalama moment-
sehim grafigi

45° gonyeli birlestirmede Elde edilen moment degerler
kontrol numuneleri moment degerleriyle karsilagtirildiginda
Sekil 14’de goriildiigii gibi karbon elyaf levhalarin ham
olanlarin momentine karsi % 184 ve metal levha
numunelerinin momentine karst % 80 arttig1 gériilmiistiir.
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Sekil 14. 45° gonye tipi birlestirme numunelerine ait
ortalama moment degerleri
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4. SONUC VE DEGERLENDIRME

Bu calisma sonucunda, ¢ekme ve konsol egilme deneyine
tabi tutulan numunelerin performanslari incelendiginde;
deneysel ¢alismalar sonucunda asagidaki degerlendirmeler
ortaya ¢ikmistir;

Cekme deneyinde karbon elyaf levhalar kullanarak
giiclendirilen numunelerin dayanimi, metal levhalar
kullanarak  gii¢lendirilen = numunelerin ~ dayanimina

gore kertmeli boy birlestirmede % 44 ve u¢ uca boy
birlestirmede % 26 arttig1 tespit edilmistir. Ug¢ uca boy
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birlestirme numunelerinin iki blonla hazirlandigi ve
birlestirme bdlgeleri ug uca oldugu i¢in buna ait dayanim
kertmeli boy birlestirme dayanimindan daha kiiciik oldugu
ortaya ¢ikmustir. Yashida Nadir ve arkadaslari [14] yaptig
calismada ¢ekme dayanimi % 36 oraninda artis
gbzlemlenmis olup, bizim caligmada tespit etti§imiz orana
yakin bir sonug oldugu gézlenmistir.

Konsol egilme deneyinde karbon elyaf levhalar kullanarak
giiclendirilen numunelerin  dayanimi, metal levhalar
kullanarak gii¢lendirilen numunelerin dayanimina goére L
birlestirmede %60, T birlestirmede % 67 ve 45° gonyeli
birlestirmede % 80 arttig1 tespit edilmistir. T tipi
numnelerinin 4 bulona kullanilarak islenmesi ve yiikiin dik
yoniinde bulunan iki engel nedeniyle bu numunelerdeki
sonuglar, sadece 3 blonla birlestirilmis L tipi numunelere
gore daha biiyiik sonuglar elde edilmistir. 45° gonye
birlestirme numunelerinin 4 blonla hazirlandig1 ve birlesim
bolgelerinin boyutlar1 diger numunelerinden (L ve T tipi)
daha biiyiik oldugu i¢in bunun dayanimi daha yiiksek tespit
edilmistir. Muratoglu yaptig1 ¢calismada[15] %108,66 daha
iyi statik egilme direnci oldugu sonucuna ulasmistir. Ancak
bu c¢alisma masif ahsap {izerinde yaptigi nedeniyle
sonuglarimizdan daha biiyiik oldugu gézlenmistir.

Karbon elyaf levhalarin her ne kadar levha kalinliklar1 metal
levha kalinhigiyla aymi almsa da lif yapilart dikkate
alindigindan her iki dogrultuda esit miktarda lif kullanilarak
iiretilen bu levhalarin ¢cekmeye calisan lif orani ancak levha
kalinliginin yarisin1 olusturmaktadir. Bu nedenle CFRP
levhalarla elde edilen sonuglarin ayni kalinliktaki yani 4mm
levhalar elde edilmesi durumunda daha yiiksek sonuglara
ulasilacagi goz ardi1 edilmemelidir.

Yapilan ¢aligmalar sonucunda: ¢ekme ve konsol egilme
deneylerinin sonuglart dikkate alinarak elde edilen avantajlar
asagidaki sekilde siralanabilir.

e CFRP levhalarin korozyona ugramamasi goz
onlinde  bulunduruldugunda ahsap yapilarin
birlestirme bolgelerinde korozyondan
dolayiolusacak ¢iiriime olayr tamamen ortadan
kaldirilabilir.

e Nem ve korozyon nedeniyle ¢iiriiyen ahsap birlesim

bolgelerinde meydana gelen gevseme ve
dagilmalar1  engelleyerek gerilme yogunlugu
azaltilabilir. Yani ahsap birlesim bdlgelerinin

gerilme yogunlugu nedeniyle zamanla olusan
gevsemelerinin engellenmesi amaciyla iki CFRP
levha arasma blonlar ve epoksi yardimiyla
sikistirilarak bu bolgelerde olusan gevseme ve
dagilmalar engellenmistir.

o Geleneksel giiclendirmede birlesim bdlgelerinde
uygulanan ¢elik levha, blon ve gergi ¢ubuklarina
gore CFRP birlestirme elemanlariyla daha hafif
uygulamalar yapilabilir.
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e FRP’lerin istenen renk ve desende iretilebilmesi
nedeniyle birlestirme bolgelerinde daha estetik bir
goriintii elde edilmesi miimkiindiir.

e Son olarak Ahsap yapi1 tasariminda birlestirme
bolgelerinde Karbon elyaf takviyeli levhalar
kullanilarak istenilen dayamimi daha kiigiik
malzeme kesitleri ile elde etme olanagi ortaya
cikmistir.

Yukarda ifade edilen karsilagtirmalar ve avantajlar dikkate
alindiginda ahsap yapilarin giiglendirmesi calismalarinda
metal levhalar yerine karbon elyaf levhalarin tercih edilebilir
oldugu tespit edilmistir.
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Tiirkiye taginmaz degerleme sisteminin yeniden yapilandirilmasi asamasinda oncelikle dogru, Kkaliteli ve giincel verilerin
kullanildigi bir veritabani olusturulmahidir. Ancak, bu verilerin gerekli istatistiksel analiz ve modelleme caligmalarinda
kullanilabilecek formatta olmasi gerekir. Bu ¢calismada, taginmaz degerleme faaliyetlerinde kullanilmasi1 gereken veriler ve temel
Ozellikleri belirlenmis ve tasinmaz karakteristikleri veritabanlarinin olusturulmasi ile ilgili 6rnek bir UML tabanli veri modeli
tasarimi sunulmustur. Model tasariminda Enterprise Architect programui ile olusturulan UML sinif diyagramlari kullanilmisgtir.
Model ile temsil edilemeyecek durumdaki karmasik iligki ve kurallar igin ayrica agiklamalar yapilmistir. Boylece gelistirilen
modelin daha iyi anlagilmasi saglanmistir. Calisma kapsaminda; arsa, arazi, bina, konut ve igyeri olarak bes ana gruba ayrilan
taginmaz tiirleriyle ilgili degerleme agsamasinda kullanilmasi gereken verilerin 6nem derecesi, mevcudiyeti, kaynagi, dogrulugu
ve giincelligi gibi ozellikleri kullanilarak UML tabanli bir veri modeli tasarimi gergeklestirilmistir. Bu tasarimin temel
bilesenlerini; tapu ve kadastro bilgileri, sahadan alinan veriler, imar bilgileri, tasinmaz tiirii detay bilgileri, ¢evre ve konum
Ozellikleri, emsal satiglar, bina ve konut 6zellikleri, ekonomik ve demografik 6zellikler gibi tasinmaz ve g¢evresine ait bilgi
paketleri olusturmaktadir. Bu bilgi paketleri icerisindeki sayisal olmayan verilerin standardizasyonu saglanmali ve model bir
veri-ihtiya¢ analizi yapiliyor seklinde yorumlanmalidir. Olusturulan modelin sorunsuz isleyebilmesi i¢in 6ncelikle tasinmaz
degerleme alanindaki mevzuat altyapisi ve kurumsal yapilanmanin da iilkemize uygun bir sekilde olusturulmasi gerekmektedir.

Anahtar Kelimeler: Tasinmaz Degerleme, Tasinmaz Degerleme Sistemi, Veri Modeli Tasarimi, UML.

UML-Based Data Model Design in a Real Estate Appraisal System Approach for
Turkey
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Abstract

In the stage of restructuring of Turkish real estate valuation system, firstly, a database should be created using correct, high
quality and up-to-date data. However, these data should be in a format that can be used in the necessary statistical analysis and
modeling studies. In this study, data and basic characteristics that should be used in real estate valuation activities have been
determined and it has been presented a sample UML-based data model design for the creation of real estate characteristics
databases. UML class diagrams created with Enterprise Architect program are used in model design. The complex relations and
rules that cannot be represented by the model are also explained. Thus, a better understanding of the developed model has been
achieved. Scope of work; a UML-based data model was designed by using the features such as importance, presence, source,
accuracy and timeliness of the data that should be used in the appraisal stage related to the real estate types divided into five
main groups as land, land, building, residence and workplace. The main components of this design are; information on land and
cadastre, data received from the site, development information, real estate type details, environment and location characteristics,
precedent sales, building and residential properties, economic and demographic characteristics and information packages. The
standardization of non-numeric data in these information packages should be ensured and interpreted as a model data-needs
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analysis. In order to ensure the smooth functioning of the model, the legislative infrastructure and institutional structuring in the
field of real estate appraisal should be established in accordance with our country.

Keywords: Real Estate Appraisal, Real Estate Appraisal System, Data Model Design, UML.

1. GIRIiS

Gliniimiizde taginmaz sektorii ve buna bagli olarak gelisen
tasinmaz degerlerinin belirlenmesi hizmetleri, uluslararasi
kiiresel ekonomik iligkilerin vazgegilmez bir unsuru
olmustur. Degerleme faaliyetleri, ekonomik sistemde bir
biitiiniin i¢inde genis bir yer tutmakta ve farkli amaglarla
kullanilmaktadir. Taginmaz degerlerinin belirlenmesi isi ve
bu degerlerin likidite olarak piyasada islem gorebiliyor
olmasi, saglikli bir ekonomik yapinin en 6nemli unsurlaridir

[1].

Tasinmaz degerlemeye; vergilendirmeden kamulastirmaya,
Ozellestirmeden tescile esas tiim islemlere kadar yogun bir
sekilde ihtiya¢ duyulmaktadir. Gerek bu ihtiyacin
karsilanabilmesi gerekse tasinmaz piyasasinin (alim—satima
dayali piyasalarin) seffafliginin saglanabilmesi i¢in tiim
lilkelerin saglikli isleyen bir degerleme sistemlerini
olusturmasi ve siirdiirmesi gerekmektedir. Nitekim bugiin
birgok iilkede, degerleme sistemlerinin tesis edilmesi veya
iyilestirilmesi amactyla hukuki, kurumsal ve teknik
calismalarm yiiriitiildiigii bilinmektedir [2, 3]. Ulkemizde de
bu alanda biran dnce diinya standartlarina uyumlu ve saglikli
isleyen bir sistem olusturulmasina ihtiya¢ duyulmaktadir.

2. VERIi BILESENLERIYLE iLGIiLi ARASTIRMA
YONTEMIi

Tirkiye tasinmaz  degerleme  sisteminin  yeniden
yapilandirilmas1 agmasinda Oncelikle dogru, kaliteli ve
gtincel verilerin kullanildig1 bir veritabani olusturulmalhidir.
Ancak bu verilerin, gerekli istatistiksel analiz ve modelleme
caligmalarinda kullanilabilecek formatta olmasi gerekir.

Calisma kapsaminda, arsa, arazi, bina, konut ve igyeri olarak
bes ana gruba ayrilan taginmaz tiirleriyle ilgili degerleme
asamasinda kullanilmas1 gereken verilerin 6nem derecesi,
mevcudiyeti, kaynagi, dogrulugu ve giincelligi gibi
Ozelliklerinin sorgulandigi bir anket formu hazirlanmustir.
Her bir taginmaz tiirii i¢in ayr1 ayr1 hazirlanan bu formlardaki
degerleme verileri i¢in Oncelikle Cografi Bilgi Sistemleri
Genel Miudirligi (CBSGM) tarafindan yapilan Tirkiye
Ulusal Cografi Bilgi Sistemleri Standartlarinin Belirlenmesi
Projesi Veri Temast Uygulama Semalarinda yer alan
simiflardaki veriler esas almmustir. Cevre ve Sehircilik
Bakanligi (2012) calismasina gore; Tiirkiye Ulusal Cografi
Bilgi Sistemi (TUCBS) projesinde olusturulan veriler, genel
olarak tagimmaz karakteristiklerini iceren kadastro ve adres
veri siniflari ile tanimlanmustir. Ayrica, adres bilgisi, tapu ve
kadastro, ulasim ve idari birim verileri de ¢ogunlukla bu
proje kaynaklarindan elde edilmistir [4].

Bunun yaninda, degerlemede kullanilmak iizere tasinmaz
tiirlerine gore gerekli veriler i¢in en dnemli ikinci kaynak,
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TKGM’nin toplu tasinmaz degerleme pilot projesinde
kullanilmak tizere hazirlanan veri kaynagi tablolari olmustur.
Projede kullanilan tiim veriler tez kapsaminda hazirlanmis
olan veri tablolarinda kullamlmistir (Ek Tablo 1).
Sonrasinda, Yomralioglu (1993) tarafindan yapilan ve
degere etki eden parametrelerin bilinmesine yonelik doktora
tez ¢alismasinda kullanilan verilerin iizerine [5], Nisanci
(2005)’in  doktora tez c¢aligmasinda kullandigi veriler
eklenmistir [6]. Ertas (2014) tarafindan olusturulan “Kirsal
Alanlarda Tasmmaz Degerlemesi” isimli ders notlari
incelenmis, kirsal alanlardaki taginmazlarin degerini
etkileyen veriler ve veri kaynaklar1 gruplandirilmistir [7].
Diizgiin (2010) tarafindan olusturulan ve Ulusal Agik Ders
Malzemeleri Konsorsiyumu tarafindan kullanima sunulan
kaynak dokiiman da incelenmistir [8]. Ayrica literatiirdeki
diger bilimsel ¢aligmalarda kullanilan anket formlari, birgok
degerleme firmasinin ve bankalarin uzman degerleme
raporlart incelenmistir. Farkli degerleme firmalarinin ¢ok
sayida rapor Ornekleri incelenmis ve bir¢ok degerleme
uzmanindan goriig alinmigtir. Bunun yaninda konuyla ilgili
diger kaynak kitaplar, makale, bildiri ve yapilmis yiiksek
lisans/doktora tezleri taranarak ilgili formlardaki veriler
gelistirilmistir. Bu yolla formlara son sekli verilerek
caligmada kullanilmistir.

Ancak, tasinmaz c¢esitlerinden arazi (tarimsal amach
kullanim alan1) degerlemesiyle ilgili Tirkiye’de diger
gesitlere nispeten ¢ok az calisma vardir. Tanrivermis (2000)
tarafindan yapilan ¢alismada; kapitalizasyon faiz oraniyla
ilgili temel yaklasimlarin iilkemizde uygulanabilirligi
aragtirllmistir [9]. Arazi degerleme verileri igin hazirlanan
tablolardaki bilgiler, Aliefendioglu (2011) tarafindan yapilan
doktora ¢aligsmasi sonuglari ve bu ¢aligmada kullanilan arazi
formlarindan elde edilmistir [8].

Anket ¢aligmasi sirasinda sorulariin yanitlanmasi igin yiiz
ylize goriismelerin daha uygun olabilecegi diisliniilmiis,
basta Osmaniye, Adana, Mersin, Kahramanmaras, Hatay,
Kayseri ve Izmir olmak iizere iilkemizin bir¢ok sehirlerinde
gorismeler yapilmis ve anket formlari doldurulmustur. Bu
sirada  Ozellikle kamu kurumlarinda c¢alisanlar igin
kamulastirma bilirkisi sertifikasi olan harita miithendisi, sehir
plancisi, insaat miithendisi, iktisat¢1 ve isletmeci gibi meslek
gruplarindan kisiler olmasi esas alinmistir. SPK lisansh
degerleme sirketlerinde ¢alisanlar i¢in genel miidiir, yonetim
kurulu iiyesi veya gayrimenkul degerleme uzmani olmalart
istenmistir. Ayrica ¢Oziim ortagt olarak calisan teknik
elemanlarla da anketler yapilmuistir.

Yiiz yiize goriisme yapma imkaninin olmadigi anketorler
icin elektronik posta yolu tercih edilmistir. Uzun yillar bu
alanda caligmalar1 olan 9 degerleme uzmaniyla her biri
yaklagik 2-3 saat siiren yiliz ylize goriismeler yapilmustir.
Goriismeler sirasinda daha sonra ¢oziimlemede yardimci
olmasi amaciyla ses kayitlar1 da alimmustir. Kargilikli
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goriisme imkani bulunamayan diger 21 uzmandan e-posta
ortaminda bilgi temini saglanmistir. Bu kapsamda
goriismelerde; tasinmazlarin tiiriine gore (arsa, arazi, bina,
konut ve igyeri) degerleme verileri, kalitesi, mevcudiyeti ve
bilesenlerin uygunlugu yaninda, 6énem derecesi konusunda
uzmanlarin ayri ayri disiinceleri sorulmus ve goriisler bir
araya getirerek bir orta yol bulunmugtur. Ayrica, eger
Tirkiye i¢in yeni bir tasinmaz degerleme modeli
olusturulmak istenirse, bu yeni sistemde degerleme
verilerinin {iretim ve giincellemesinden hangi kurum
sorumlu olmalidir gibi sorulara da cevap aranmustir.
Uzmanlarin goriis ve onerileri dogrultusunda formlardaki
veriler ve ozellikleri hakkinda diizenlemeler
(ekleme/cikarma) yapilmis ve olusturulan formlarin son
sekli Ek Tablo 1°de verilmistir.

3. UML TABANLI VERi MODELIi TASARIMI

“Unified Modeling Language” Ingilizce ifadenin kisaltmis
sekli olan UML, nesne yonelimli tasarim g¢aligmalari i¢in
yaygm bir sekilde kullanilmaktadir [10, 11]. Giiniimiizde
UML, birgok alandaki is akis siiregleri ig¢in kullanilan bir
modelleme dilidir [11, 12].

Oncelikle degerlemede kullanilmasi gereken veriler ve temel
ozellikleri belirlenmistir. Bu baglamda hem tekil hem de
toplu degerlemeye de altlik olusturabilecek verilerin
kullanimi i¢in bir UML tabanli veri modeli gelistirilmistir.
Model tasariminda Enterprise Architect (Versiyon 7.5)
programi ile olusturulan UML smuf diyagramlari
kullanilmistir. Modelin daha iyi anlagilabilmesi i¢in ayrica
aciklamalar yapilmistir. Modelin uygulanmasi agsamasinda
karsilagilabilecek problemler i¢in bazi alimmmasi gereken
onlemler de sunulmustur.

Calismada; arsa, arazi, bina, konut ve isyeri olarak bes ana
gruba ayrilmig olan taginmazlar i¢in degerlemede gerekli
olan veriler, veri kaynaklari, verilerin kalitesi, giincelligi ve
onem derecesi gibi degerleme verilerinin temel 6zelliklerinin
belirlenmesinde yiiz ylize anket caligmasi
gerceklestirilmigtir. Bu ¢aligma, biiyiik 6lciide degerleme
faaliyeti yiiriiten kamu kurumlarinmm i1 ve Genel
Miidirliiklerinde goérevli uzman ve yoneticileri ile 6zel
sektor degerleme uzmanlariyla yapilmistir. Ayni zamanda,
iilkemizde degerleme faaliyetlerinin altyapisinin
giiclendirilmesi i¢in yiiriitilen kamu (TKMP tasinmaz
degerleme bileseni) ve 0Ozel sektdr calismalarindan da
yararlanilmistir.

Onemli goriilen tim veriler, ortak &zelliklere sahip
nesnelerin temsil edildigi smuflar igerisindeki oznitelik
verileri olarak kullanilmistir [13]. Sahadan Alinan Veriler,
Ekonomik ve Demografik Ozellikler, Tapu Kadastro
Bilgileri, Imar Bilgileri, Emsal Satislar, Tasinmaz Tiirleri,
Cevre ve Konum Ozellikleri gibi diger veri simflarinda
gorsellik ve daha iyi anlasilabilmesi agisindan farkli renkler
kullanilmigtir. Ayrica, hem tekil ve hem de toplu degerleme
caligmalarinda gergek veya tiizel kisilerin izlenmesi gereken
islem adimlart i¢in Tasmmaz Degerlemesi paketi
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olusturulmustur. Sekil 1°de goriildiigii izere Sahadan Alinan
Veriler igin bu paket icerisinde Rayi¢Degeri smifi
olusturularak, bu smif igerisinde bulunan emsal alim-satim
degerleri igin EmsalSatislar paketi tasarlanmistir. Bu sekilde
paketler arasindaki yogun iligkileri tanimlamak amaciyla
<<use>> iligkisinin kurulmasi gerekmistir.
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Sekil 1. Model i¢in olusturan veri setlerinin genel
goriiniimii ve aralarindaki iligkiler ([13]’den
gelistirilmistir.)

Association (iliskili olma), nesneler arasinda bazi anlamsal
bagliliklar ifade eden fiziksel ve kavramsal bir iligki oldugu
icin, calisma kapsaminda bir nesnenin kendi igerisinde
bulundugu sinifin veya bir bagka sinifin temsil ettigi hangi
nesnelerle ilgisi oldugunu tanimlamak i¢in kullanilmistir.
Generalisation (genelleme), farkli nesneleri temsil eden
smiflarin ortak &zellikli diger siniflarla gruplama suretiyle
temsil edilmesi iligkisine dayandigi igin, ayni tiirde daha
genel nesnelerin temsil edilmesinde tercih edilmistir [11].
Tam tersi olarak, specialisation (6zelleme) ise birbirinin tersi
iligkiler olup ayni tirde daha 06zel nesnelerin temsil
edilmesinde kullanilmustir.

DegerlemeYontemleri sinifinda, kullanilabilecek degerleme
yontemleri i¢in (geleneksel, modern, istatistiki vb.) tanim
kiimeleri olusturulmustur  (Sekil 2). DegerlemeTiirii
smifinda yer alan tekil veya toplu degerleme tiirlerinden
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birisi  secilerek taginmaz degerlemesinin  yapilmasi
Ongorillmiistiir.
class DeQerIemeYéntemIeri/
«enumeration» .
ModernistatistikiDegerlemeYontemleri o Y6
YapaySinir
BulanikMantik 2:”5?'
KonumsalAnaliz Malivet
DestekVektorMakineleri(DVM) Karni,a
DestekVektérRegresyonu(DVR)
GokOlgiitliKenar(AHO)
Hedonik «enumeratio...
Nominal DigerYontemler
CokuRegresyon .
Dengeleme Diger

Sekil 2. Degerleme yontemleri tanim kiimeleri.
3.1. Tasinmaz Degerlemesi Paketi

Tasinmaz Degerlemesi Paketi, icerisinde bir kurulus
(kamu/6zel sektor) tarafindan yapilan bir toplu degerleme
islemine iligkin  bilgileri temsil etmek amaciyla
tasarlanmistir. Bu bilgilerin hangi siniflarda tutulmasi
gerektigi Oonemlidir.  Uzman bir degerlemeci bilgileri
DegerlemeRaporu sinifi igerisinde yer almigtir. Kamu veya
Ozel sektor kurulus bilgileri de Ger¢ekKisi ve TiizelKisi
(Sirket)  siniflarinda  detaylandirilmstir. Calisma
kapsaminda ister tekil isterse toplu degerleme iglemi olsun,
bir degerleme igleminin yalnizca bir miisteri kisi veya kurum
(6zel veya tiizel kisi) tarafindan talep edilebilecegi
gerceginden hareketle tasinmaza ait Deger smifinda
<<1..*>> ¢okluk ifadesi kullanilmistir. Ayni sekilde farkli
zamanlarda ayni miisterilerin ayni veya paket igerisinde
<<enumeration>> olarak tanimlanan farkli taginmazlar igin
degerleme talep edebilecegi diigtiniilerek iki sinif arasindaki
iliskinin ¢okluk ifadeleri <<1..*>> seklinde belirlenmistir.
Paket icerisinde, IstatistikiYontemler ve
ModernDegerlemeYontemleri  gibi  tamim  kiimeleri
olusturulmustur (Sekil 3).

Toplu degerleme islemi esnasinda, birden fazla taginmaz i¢in
degerleme islemi yapilabilecegi dikkate alinarak iiretilen
degerlerin Deger smifi ile temsil edilmesi 6ngoriilmiistiir.
TasinmazTiirleri sinifinca temsil edilen taginmazlar (arazi,
arsa, bina, konut, isyeri) i¢in farkli zamanlarda veya farkli
yontemlerle (geleneksel, modern, istatistiki vb.) degerler
belirlenebilecegi gerceginden hareket ederek sinif i¢i nesne
iligkileri ayn1 sinif tizerindeki iligki ile tanimlanmustir (Sekil
3). Ancak, ayn1 taginmazin zaman icerisinde degerinde bazi
degisimler olusabilecektir. Bu degisimlere gore ilgili
tasinmazin toplu degerleme yontemi ile liretilen degerinde
dogrudan  degisiklik  yapilabilmesi  igin,  degeri
etkileyebilecek faktor analizlerinden sonra, sinif i¢i nesne
iliskileri ayni1 sif lizerindeki Zamansal bagint1 iliskisi ile
gOsterilmistir.
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class Degerleme_Model /
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Sekil 3. Tasinmaz degerlemesi paketi igerigi.
3.2. Tapu ve Kadastro Bilgileri Paketi

Tiim taginmaz ¢esitlerinin (arazi, arsa, bina, konut ve igyeri)
en temel Ozelligi olan iizerinde bulundugu imar veya
kadastro parseli ile ilgili konum ve miilkiyet bilgilerine
ihtiyag vardir. Bu nedenle TapuKadastroBilgileri paketi
icerisinde Parsel ismiyle ayrica ve genel bir sinif
olusturulmas1 geregi dogmustur. Ilgili smfin 6znitelik
bilgilerinde, kadastro veya tapu kayitlarinda yer alan idari
siirlara  iliskin nitelikler ve ayrica ada ve parsel
numaralarina iligkin nitelikler de tanimlanmustir.

3.3. Imar Bilgileri Paketi

Degerlemede kullanilmasi gereken verilerden olan ve
smiflarla temsil edilen planlama boélgeleri, imar plant ve
cevre diizeni plani Oznitelikleri degerleme islemlerinde
parsel (arsa) nitelikleri olarak dikkate alinmaktadir. Bunun
gergeklesmesi i¢in parselin konumuna rastlayan 6zelliklerin
parselle iligkilendirilmesi gerektiginden ve bunun konumsal
analiz sonucu elde edileceginden modelde <<use>> iligkisi
kullanmilmistir. Cesitli teknik sartlar g6z Oniline alinarak
yapilan planlama islemleri;

e  Miicavir alan sinirlarinda,
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e Belediye sinirlarinda,
e Planli saha diginda mevzii bir blgede veya plansiz
bolgede olabilir.

Bu durumu ifade edebilmek icin PlanlamaBdlgesi smift

tasarlanmistir. Bu planlama bolgelerini  tanimlamak
amaciyla;
e Bu sinifin tlri niteliginin veri tipi olarak

PlanlamaBélgesiTiirii tanim kiimesi,

e Insaat ruhsati ve yapr kullamm izin belgesinin
varhigmin sorgulanabilecegi RuhsatDurumu tanim
kiimesi,

e Planin hangi asamada oldugunu belirlemek
amaciyla da durumu niteliginin veri tipi olarak
PlanDurumu tanim kiimesi,

e Imar planlarindaki gosterim ile aktif kullamim
arasinda  olabilecek  farkliliklarin  gdsterimi
amaciyla KullanimDurumu tanim kiimesi,

e Diger 6znitelikleri olan planlamanin hangi kanun
hiikiimlerine (tip veya o6zel imar kanunu) tabi
oldugunu  KanunKapsami  tamim  kiimesi,
tasarlanmistir.

Imar planlarinda gosterilebilecek tiim hak ve kisitlamalar
(TAKS, KAKS, hMax, 6nBahge, vb.) ImarPlam sinifinda
belirtilmistir. Kullanilmayan imar hakk: (5 kata imarli bir
alanda heniiz yapilmamis 2 kat daha) varsa, bu hakkin
miktar1 saha ve imar durumuyla birlikte degerlendirilmelidir.
Planda 6ngoériilen kullanim tiirleri i¢in kullanim 6zniteliginin
veri tipi olarak PlanlananKullanim tamim  kiimesi
olusturulmustur. Ayrica ilgili sinifta yap1 diizenleri de diizen
niteliginin veri tipi olarak YapiDiizeni tamm kiimesi ile
tammlanmuistir.  imar Kanunu ve ilgili ydnetmelik
hiikiimlerine gore en temel imar kosullarii temsil eden
minBinaCephesi ve minBinaDerinligi nitelikleri
PlanlamaBdélgesi sinifinda temsil etmektedir. Bunlar veri ile
ilgili olmayip yonetmelikle ilgili olmasina ragmen,
degerlemede parselin boyutlarina bagli olarak ingaat alanini
belirten veriler oldugu i¢in 6nemli olabilir.

3.4. Sahadan Alinan Veriler Paketi

Taginmaz degerlemedeki veri kaynagi hususunda yasanan
problemlerin basinda tapu miidiirliikklerindeki devir islemleri
sirasinda dogru beyanda bulunulmamasi ve “deger”
bilgilerinin ortak bir veritabani igerisinde tutulamamasi
gelmektedir [14]. Toplu degerleme sirasinda orneklem
amactyla uygulama alanlarinda  segilen taginmaz
karakteristiklerine ait veriler ile emsal satig Dbilgileri,
emlakgilardan,  Tapu  Miidiirliigi, ~TAKBIS  ve
Belediyelerden temin edilmelidir. Bu nedenle degerleme
caligmalarinin en 6nemli agamalarinda birisi olan verilerin
toplandig1 saha caligmalar1 i¢in Sahadan Alinan Veriler
Paketi olusturulmustur (Sekil 4).

Toplu degerlemede kullanilmak {izere tasinmazlarin
bulundugu boélgenin gelismislik durumunun belirlenmesi
gerekir. Bunun i¢in sahada emlakgilar, yerel esnaf vb. ile
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yapilan goriismeler neticesinde, Orneklem olarak secilen
taginmazlarin bulundugu ¢evredeki diger mahalle, sokak,
cadde vb. ile karsilagtirmalar yapilarak  bilgiler
toplanmalidir. ~ Yapilacak  degerlendirmelerde,  imar
planindaki duruma gére yerlesmenin tamamlanip
tamamlanmadig1 hususlar1 da g0z oniinde
bulundurulmalidir. Bu baglamda derecelendirme Cok
Geligmis, Gelismis, Az Gelismis ve Gelismemis seklinde
olabilir. Orneklem olarak segilen tasinmazlarin emlak beyan
degeri Belediye emlak servisinden alinarak taginmaz
degerleme raporunda yazilacaktir.

Toplu degerlemede 6rneklem grubu tasinmazlara ait olmak
iizere hesaplama yapacak uzman tarafindan, degiskenlere
(degere etki eden faktorlere) iliskin verilerin toplandig1 her
taginmaz ic¢in kira bedeli ve tahmini satis degerlerini de
arastiritlmalidir [14]. Bu verilerin kontrolleri sahada yapilan
emlake ziyaretleri ve fiyat arastirmalarinin karsilagtirmasi
ile gerceklestirilebilir (Sekil 4). Emlakeilarin yaptiklari
satiglar1 ABD’dekine benzer bir sekilde, tasinmaza ait Satis
geemisi ve verilen teklifler de goriilebilecegi, degerlemede
kullanilan tasinmaz karakteristikleri veritabani ve emsal
satiglar verilerini girebilecekleri bir sistem olusturmali,
ancak sistemin kontroli mutlaka Onerilen lider kurum
TDGM (Tasinmaz Degerleme Genel Miidiirliigii)’de
olmalidir. istenen kira veya istenen satis fiyat: tespiti icin
konu tagimmmazlardan, kiralik ya da satilik ilan1 bulunan
taginmazlarda, ilanin fotografi mutlaka c¢ekilmeli, miisteri
gibi davranarak telefonla aramak ya da yiiz yiize gortisme
yapmak gibi veriye ulastirabilecek tim segenekler
denenmelidir. Toplu degerleme icin bu verilerin dnceden
toplanmas1 gerektiginden, TAKBIS nitelik bilgilerinin
yaninda, orneklem grubundaki her tasinmaza ait veriler,
sahadan alinan bilgilerle netlestirilmelidir. Tasinmazlarin
mevcut  kullanimin  (otopark, konut, igyeri vb.)
belirlenemedigi durumlarda, yasal kullanim amaci ne ise o
nitelik degerlemede esas almmalidir [14]. Kullanim
amacimin farkli oldugunun tespiti durumunda, mevcut
kullanim amaci belirtilmelidir. Her iki kullanim amac1 igin
gereken biitiin bilgiler sahadan alinmalidir.

Toplu degerleme yapilacak alandaki cadde veya sokak
genigligi, kaldiim dahil olmak iizere metre cinsinden
halihazir durum haritasindan alinabilir veya gerekiyorsa
sahadan Ol¢iilebilir. Fazla yapilasma varsa, bu durum, saha
ve imar durumu birlikte degerlendirilmelidir. Resmi
kayitlara gore veya sahadaki kontroller sirasinda tasinmazlar
lizerinde otopark oldugu tespit edilmisse, otoparkin 6zelligi
de (acik/kapali) dikkate alinmalidir [14].

Ulkemiz genelinde tarim isletmelerinde herhangi bir kayit
tutulmamaktadir.  Bu  nedenle tarirm  arazilerinin
degerlemesinde de sahadan alinan veriler énemli bir yer
tutmaktadir. Bu tiir taginmazlarin giincel bilgilerinin elde
edilmesinde, arazi malikleriyle yiiz yiize goriismeler veya
anket caligmalar1 uygulanmaktadir. Ayrica, ilgili kurum ve
kuruluslardan gerekli veriler toplanmalidir [15].



N ERDEM

class SahadanAlinanVeriler /

Fotoraflar SatisSartlan
+ Tasinmaz Fotograflan: multimedia + Pesin: int
+ Takas: int
+ Vadeli: int
5 7
1 ((U/%))
«ui;e» .

Ulasimimkani «FeatureType» 1.* «Zamansal»
+ DemirYoli: char «use» TaginmazDegerlemesi:: ]
+ DenizYolu: char<< ———| . degerlemeNo: Char Lo
+ HavaYolu: char + degerlemeTarihi: Date [0..]|
+ KaraYolu: char ,

«use» : A
| «use»
p/ ! N «enumeration»
«use» \\ UlasimYolununKalitesi
«FeatureType» T

Sozel&Sayisal&Multimedia : toprak
| asvalt
| stabilize
V beton

RayigDegeri

DegerlemeTahminiDegeri: int
DegerlemeTahminiKira: int
IstenilenKira: int
istenilenSatisFiyati: int

+ o4+t

Sekil 4. Sahadan alinan veriler paketi igerigi.
3.5. Cevre ve Konum Ozellikleri Paketi

Taginmazlarin bulundugu ¢evre ve konum 6zellikleri Gnemli
degerleme verilerindendir. Ornegin, bolgenin gelisme trendi,
tasinmazin hem giiniimiizdeki ve hem de gelecekteki fiyatim
etkiler. Tasinmaz degerlerini etkileyebilecek ¢ok sayida
cevresel ve konumsal veriler mevcuttur. Bu baglamda
calisma kapsaminda, kamu ve 06zel sektér degerleme
uzmanlariyla yapilan miilakatlar haricinde, her taginmaz tiirii
icin ayr1 ayr1 olusturulan ve ekler boliimiinde (Ek 1) verilen
degere etki eden veriler, veri kalitesi, kaynagi ve giincelligi
ile ilgili bir anket ¢aligmast da yapilmistir. Bu ¢aligmayla
ilgili detayl bilgiler 6nceki bolimlerde verilmistir. Anket
sonuglaria gore model gelistirilmistir. Tasinmaz degerlerini
etkileyebilecek ¢ok sayida gevresel ve konumsal verilerin
olmasi, bu verilerin sahadan toplanmasi zorunlulugu gibi
sikintilar resmi kurum ve 6zel sektordeki anket ve miilakatlar
sirasinda sikca dile getirilmistir.

Genel olarak, bu alandaki verilerde sinirlama ve gruplama
yapilmasi geregi tzerinde durulmustur. Boyle bir veri
yogunlugundan dolayr bu paket igerigindeki siniflarin
Oznitelikleri  gosterilmeden o6zet olarak sunulmustur.
Swniflarin nitelikleri ve veri tipi tanim kiimeleri ise detayli
olarak gosterilmistir. Buradaki diisiince, gerekli verilerin
sahadan toplamaktan ziyade bunlarin dogrudan veriyi iireten
kurumlardan alinabilecegi veya cevrimigi erisilebilecegi,
ayni zamanda CBS ortaminda cografi analizlerle
hesaplamalara tabi tutulabilecegi sistem yapilanmasidir.
Tasinmazlarin ¢evresel ve konumsal faktorler ile iliskilerinin
saglanmasi, imar bilgilerinde oldugu gibi ancak konumsal
analizlerle gerceklesebilecektir. Bu nedenle biitiin faktor
siniflariyla tasinmaz smift arasinda <<use>> iliskileri
kullanilmustir.
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Cevre ve Konum Ozellikleri Paketi icerisinde
SehirMerkeziTiirii, TaskinEtkiAlanTiiri, ve
KirleticiUnsurlar gibi tanim kiimeleri tasarlanmis ve bu
kiimelerle 1ilgili olabilecegi diislinlilen Oznitelikler
tanimlanmistir. Degerleme i¢in gerekli olan uzaklik bilgileri
web tabanli haritalama sistemleri, kent bilgi sistemi veya
CAD  programlar1  kullanilarak  metre  cinsinden
hesaplanabilir. Mesafeler en kisa yiirime yolu olarak
hesaplanmali, kus ugusu mesafeler dikkate alinmamalidir.

3.6. Bina ve Konut Degerlemesi Paketi

OzetYapi ve OzetBina detay tiplerinin TKMP tagmmaz
degerleme pilot proje caligmasinda kullanilan bina detay
verileriyle de bircok benzerlikler gosteren oOzniteliklere
sahiptir (Sekil 5). CSB (2012) ¢alismasinda TUCBS igin
tasarlanan ve TKMP taginmaz degerleme pilot proje
caligmasinda da kullanilmig olan Bina veri sinifinda
tanimlanan ve bina/konut degerlemesinde kullanilmasi
gereken veri tipleri ve bunlarn iligkileri gosterilmistir (Sekil
5).

class OzetYapiBina_2 /

«FeatureType»
OzetBina

alan: BinaAlani[0..*]
baglamsizBolimSayise: int[1..*]

cati: CatiTuri[0..*]

cephemalzemesi: CepheMalzemessTiri[0..*]
catiMalzemesi: GCatiMalzemesiTUri[0..*]
deprem: DepremKatsayisi

dokiiman: DékiimanOzellik0..*]

donati: OnatiTipi

enerjiverimliligi: EnerjiVerimliligiDegeri[0..*1
geometri: BinaGeometrg[1..*]

1sitmaSistemi: IsitmaSistemTipi

isitmayakit: 1sitmayakitTipi

taslyicisistem: TaglyiciSistemTipi

temel: TemelTipi

tesisat: TesisatTipi

yapiMalzemesi: YapiMalzemesiTiri
zeminAltKatSayisi: int

zeminSinifi: ZeminSinifiTipi
zeminUstiiKatsayisi: int

+ 4+ + + + + + + + + + o+ o+ + o+

(a)
class OzetYapiBina_2 /

OzetYap:

insaattarihi: DataTime[0..*]
kullanimDurumu: KullanimdurumuDegeri
yapiAdi: charf0..1]

yapiDurumu: yapiDurumuDegeri
yiikseKik: BimaYiikseKik

+ 4+ o+ + o+

(b)
Sekil 5. Bina detay tipleri [4].
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Bina degerlemesi icin;

1- Degerleme isleminde yalmizca binanin  degeri
hesaplanmak isteniyor ve “Maliyet Yontemi” tercih
ediliyorsa, Cevre ve Sehircilik Bakanliginin (C$SB) her
yil yayinlamis oldugu yapi yaklasik birim maliyetleri
tablosu kullanilmak suretiyle degerlemesi yapilir. Ancak
degerleme islemi iizerinde bulundugu arsay1 da kapsiyor
ise, arsa degeri buna ilave edilerek “yapili arsanin degeri”
hesaplanmis olur.

Eger yapili arsa degerlemesinde, “Maliyet Yontemi”
disindaki degerleme yaklagimlarindan birisi kullanilmak
isteniyorsa, veri tekrar1 olmamasi agisindan, arsa
degerlemesi i¢in olusturulan veri tablosuna ilave olarak
bina veri tablosunu kullanmak suretiyle “yapili arsanin
degeri” hesaplanmis olur.

Toplu degerleme isleminde Bagimsiz boliimlerin bakis yonii,
mimari proje ve Kkadastral pafta, halihazir harita, uydu
goriintlisii  ¢akigtirllarak tespit edilmelidir. ~ Bagimsiz
bolimiin yogun olarak baktii cephe belirlenmelidir.
Bagimsiz bolimiin baktig1 yonlerin sayisi mimari proje ve
kadastral pafta, halihazir harita, uydu goriintisi
cakistirllarak saglanmalidir.

class BinaKonutDeQerIemesi_ézet/

GM_Polygon

«FeatureType»
TapuKadastroBilgileri::Taginmaz

«FeatureType»
TapuKadastroBilgileri::Tapu

A 0.
! N
Tarih/Donemlligkisi

«use»

0.1 1.%

Zamansal

1 i/o..*

«FeatureType»
TaginmazDegerlemesi::Deger

0.1

«FeatureType»
0.* Konut

0.%

1*

0.1

«FeatureType»
Bina

Sekil 6. Bina ve konut 6zellikleri paketi icerigi 6zeti.

Bina sinifinin yordam kisminda, bina yasi, net/biiriit alan
katsayisi, insaat maliyeti, vb. sayisal nitelikler
tanimlanmigtir. Bunun yaninda sayisal olmayan (spor alani,
ylizme havuzu, giivenlik, vb.) birgok niteligin veri tipinin de
tanimlanmas1 gerekmektedir. Bina simifina benzer sekilde
Konut smifinda da konutlara 6zgii nitelikler ve yordamlar
tanimlanmigtir (Sekil 6). Hesaplanabilecek olan faktorler
uzman marifetine birakilmadan hesaplanmasi i¢in bu
yordamlar olusturulmustur. Burada amag¢, minimum uzman
marifeti, maksimum otomasyon olacak sekilde bir
modelleme yaklagimi ortaya koymaktir.
BinaKonutDegerlemesi veri paketindeki Bina ve Konut
siniflarinin diger paketlerdeki siniflarla (Degerleme: Deger,

420

Academic Platform Journal of Engineering and Science 7-3, 414-423, 2019

TapuKadastroBilgileri: Tapu, Tasinmaz TiiriiDetayBilgileri:
Arsa ve TapuKadastroBilgileri: Taginmaz) olan iliskileri de
tanimlanmistir. Bunun yaninda bu pakette yapilan islemlerin
daha kolay anlasilabilmesi i¢in, paket icerigi Ozeti ayrica
olusturulmustur (Sekil 6).

3.7. Ekonomik ve Demografik Ozellikler Paketi

EkonomikDemografikOzellikler veri paketindeki degerleme
islemini tiim taginmazlar igin ve 6zellikle toplu degerleme
acisindan daha genis bir bakis agisiyla incelemek gerekir.
Ciinkii toplu tasinmaz degerleme iglemlerinde tekrarli (yillik
veya iki-ii¢ yilda bir) degerlemeler s6z konusu olacagindan
dolay1 tasarlanan modelin bu yaprya uygun olmasi gerektigi
diisiiniilmiistiir. Ornegin; elimizde emsal taginmazla ilgili
eski tarihli bir degerleme iglemi sonucu hesaplanmus bir fiyat
varsa ve bunun glinlimiize uyarlanmasi gerekiyorsa TEFE,
TUFE veya UFE gibi ekonomik gostergelerin yaninda
doviz/altin gibi yatirim araclarinin ve diger demografik
gostergelerin de dikkate alinmasi gerekir. Dolayistyla toplu
degerleme tarihindeki degeri hesaplayabilmek igin
ekonomik gostergelerin timii g0z oniinde
bulundurulmalidir. Paket i¢erisindeki siniflarin nitelikleri de
buna uygun tanimlanmistir. Yeni bir degerleme islemi
yapilmadigindan, eger varsa o taginmazla ilgili olan diger

hususlarla birlikte, eski ekonomik gostergelerle yeni
ekonomik gostergelerin  karsilagtirarak  (eski  degeri
kullanarak yeni bir deger {retmek igin ekonomik

gostergelere gore gilincellenmis) yeni bir deger elde
edebilmek icin bu veri paketi diyagramu tasarlanmustir.

Bu model sayesinde taginmazlarin bugiinkii toplu degerini
hesaplarken giincel ekonomik gostergeler kullanilmalidir.
Eger gerekiyorsa bundan on yil sonrasinda (taginmazda veya
cevresinde degere etki edebilecek Onemli bir degisiklik
olmamak sartiyla) oOzellikle vergisel amagli toplu
degerlemelerde o giinkil gostergelere gore yeni bir deger
iiretilebilecektir. Ayrica degerleme yapilirken birgok emsal
deger kullanilmis olabilir. Ornegin degerleme islemleri
2010, 2012 veya daha eski tarihli degerleme yapilmis ise,
bunlarin giiniimiize indirgemesi ancak bu diyagram
yardimiyla miimkiindiir. Toplu degerleme islemlerinde
herhangi bir doniisiim yapilmak zorunda kalinmamasi igin
ozellikle yakin donemdeki degerleme sonuglari alinmalidir.

3.8. Arsa - Arazi Degerlemesi Paketi

Diger taginmaz tiirlerinden farkli olarak 6zellikle bos arsa
(yapisiz) ve arazi (tarimsal alan) degerlemesinde
kullanilmak {izere = Arsa-Arazi Degerlemesi Paketi
tasarlanmugtir. Paket i¢erigindeki 6zellikle arazi degerlemesi
sirasinda toplu degerlemenin yani sira tekil degerlemenin de
uygulanmak istenebilecegi diisiincesiyle, degerleme tiirii
olarak TekilDegerleme tanmim kiimesi de olusturulmustur
(Sekil 7).

Degerleme konusu arsalarin iizerinde herhangi bir yapilasma
veya eklenti yoksa bos arsa olarak islem goriir. Eger lizerinde
ingaat yapilanmalari varsa, yap1 ayri arsanin ayr1 degerlemesi
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yapilmast gerekir. Eger degerleme isleminde maliyet
yaklasim1 (modelde GelenekselYontemler isimli tanim
kiimesi igerisinde belirtilmis olan degerleme yontemi)
kullanilacaksa, bu islemin bir parcasi olarak amortismanli
bina degeri, arsa degerine eklenmelidir.

class ArsaAraziDegerlemesi /

«FeatureType»
1.*| TapuKadastroBilgileri:Tapu
0.1
GM_Polygon
I
«FeatureType» 1
TapuKadastroBilgileri:: Tarih/Dénemiligsi
|
Taginmaz 0.1 |
L I
«use»
|
1 | Zamansal
|
0.* 0.% I 1
0.* *
TaginmazTiirii yBilgileri::Arsa «FeatureType» 0.*

TaginmazTiirii&DetayBilgileri::Arazi AdaNo: int
Beldesi: char{0,,1]
Bucag: charf0,,1]
Cinsi: char

lige: char

ili: char
Mahallesi&kdyii: char

u Deger
+

+

+

+

+

+

+ Mevki: char
+

+

+

+

+

+

+

+ ArazininTaglik&KayalikOImasi : char
+ AraziToplulasirmaProjeleri: char
HalihazirHarita: char
SulamaProjeleri: char
TopraginKimyasalYapisi: char
UygulananMiinavebeSistemi: char
UrinSegmentininOzelliKeri: char
YerAltiSuyuRezervleri: char

+ degerlemeNo: char

T

+ o+ o+ o+ o+

Niteligi: ParselNiteligi
PaftaNo: char1,,4]
ParsaliNo: int

SinirYapr: SinirYapiTard[o,,*]
Sokagi: char

Tirl: MilkiyetTri
UlagimOlanagi: char

1 + YolaCepheUzunlugu: float
+ YolGenigligi: int

calcEgimSinifi() : float
calcHisseSayisi() : int
calcYiizolgiim() : Measure
computeOrtEgim() : float

+ o+ o+ o+

+ calcEgimSinifi() : float
+ calcHisseSayisi() : int

+_calcYizOlelimi() : Measure
0.*

Sekil 7. Arsa - arazi degerlemesi paketi igerigi.

3.9. Isyeri Degerlemesi Paketi

Isyeri Degerlemesi Paketi igerigi  olusturulurken
BinaKonutDegerlemesi::Bina smift kullanilmigtir. Ciinkii
binanin bir pargasi olan ve igyeri olarak kullanilan birgok
birim bagimsiz bdliim olarak binalar icerisinde (Ishanlari,
AVM, Ofis Bloklari, Is Merkezleri, vb.) bulunmaktadir.
Dolayistyla her bir isyeri BinaKonutDegerlemesi::Bina
sinifi ile dogrudan veya dolayli olarak iliski icerisinde
olacaktir. Isyerinin degerlemede kullanilacak temel
niteliklerini ve iliskilerini tanimlamak i¢in iki (Bina ve Isyeri
isimli) siif tasarlanmigtir. Bir binada birden fazla isyeri
(bagimsiz boliim) olabilecegi gerceginden hareketle iki sinif
arasindaki ve iliskinin her iki tarafindaki ¢okluk ifadeleri
(0..*) tamimlanmugtir. Degerleme verileri ve genel 6zellikleri
hakkinda yapilan anket ¢aligmasina gore, toplu degerlemede
uygulamada Kkarsilasilacak farkli durumlar disiiniilerek,
sahada uzmanin miidahale sansi olmayacak sekilde degeri
etkileyen tiim faktorler belirlenmigtir. Niteliklerin birgogu
sayisal niteliklerdir ancak sayisal olmayan bir¢ok niteligin
veri tipinin de tanimlanmasi gerekmektedir. Bu sinifin veya
iliskili olunan diger siiflarin nitelikleri kullanilarak hesapla
elde edilebilecek nitelikler (bina yasi, ingaat maliyeti, vb.) ise
yordam olarak tamimlanmustir. Isyeri smifinda da bina
sinifina benzer gekilde isyerlerine 06zgii nitelikler ve
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yordamlar tamimlanmistir. Bu smiflarin diger paketlerdeki
smiflarla olan iliskileri (TapuKadastroBilgileri::Tapu vb.)
de tanimlanmistir (Sekil 8).

class isyeriDegerlemesi /
«FeatureType» GM_Polygon
Bina&KonutDegerlemesi::Bina o R

TapuKadastroBilgileri:Taginmaz [ 0..1

asansor: char
bahgeDiizenlemesi: boolean 1
binaismi/BlokNo: char

binaTdrd: BinaTird
binaYonetimHizmeti: boolean[0,,1]
birimMaliyeti: float

cati: boolean

depremeDayanikilik float
disCephe: char

DolguMAl

0.1
Zamansal

0.* 1

«FeatureType»
TaginmazDegerlemesi::Deger

Tl

elekiirik (Insaat:sebeke)
giivenlik GiivenlikTirii

havuz: HavuzTird

hidrofor: boolean

insaatAlani: float
insaatKalitesi: InsaastKAliteTirii
Isinma: 1sinmaTri

iskeletTiirli: IskeletTiiril \y 1.
jeneratér. boolean
kanalizasyon: booleal
katAdedi: int
maxYikseKik float
minYkseKik float

niteligi: insaatKaliteNiteligi
otopark OtoParkT rii
ruhsatNo: char
ruhsatTarihi: char

sitelgi: boolean

spor: SporAlaniTrl

su: (insaat:sebeke)
suDeposu: boolean
telefon: Bcolean

+ g : char

I

0.* «user

Tanh/qénemihwa‘

«FeatureType»
TapuKadastroBilgileri:Tapu

L,

uyduBaglantisi: booloan e
yakit: YakitTarl
yanginMerdiveni: Boolean
yanginSondirmeSist: boolean
yapiCinsi: char
yapimTarihi: char
yapiSinifi: BayindirikYapiSinifi
zeminGrubu: char
+ calcBinaYasi() : int ingaatKaliteNiteligi CepheYonii
+ calcingaatMaliyeti() : float
+ calcNetBritAlanKatSayisi() : float Liks Acik(DortCephe)
+ calcToplamMaliyet() : float 1.8imif Ly
+ calcTopluKonutAlani() : float 2,8inif jCzayDod
3,8imif Dogu
1 GiineyDogu
« Giiney
0- 0.1 GiineyBati
- Bati
TasinmazTirii&DetayBilgileri::isyeri KuzeyBati
AltematifKullanimimkani: float
CEDRaporu: char
DisC i DisCe T
GuglendirmeDurumu: char
GiiglendirmelskanTarihi: DataTime
IsinmaSistemi: IsinmaSistemiTipi 0.1

IsnmaTiri: IsnmaTuri
isletmeRuhsati: igletmeRuhsatTirii
isyeriKotSeviyesi: int
MadenKaynakarVerisi : char
SuDeposu : SuDeposuTiri
Turizm Isletme Belgesi: char
YapiDenetimVerileri: char

ok kR F E E o+ o+

+

calcHisseDurumu() : void
calcHisseSayisi() : int
calcYiizOlgiimii() : measure

+ o+

Sekil 8. Isyeri degerlemesi paketi igerigi.
3.10. Tasmmmaz Tiirii Detay Bilgileri Paketi

Tasinmaz Tirli Detay Bilgileri Paketinde yer alan her bir
taginmaz tlirli ayr1 ayri siniflarla temsil edilmistir. Siiflarin
Oznitelik bilgileri ait oldugu sinifin detay bilgilerini igerecek
sekilde olusturulmustur. Ancak, biitiin siniflarda ortak
bulunmasi gereken adres bilgileri (PaftaNo, AdaNo,
ParselNo, 1li, Tlgesi... wb.) ile BinadakiKatSayist,
BinammnYapimYili, CatiSistemi ve GiiglendirmeDurumu gibi
baz1 6znitelik bilgileri ortak kullanim zorunlugundan dolay1
farkli smiflarda da gosterilmis ve aralarindaki iligkiler
tanimlanmistir (Sekil 9). Bu siiflarin nitelikleri kullanilarak
hesapla elde edilebilecek degerler (arazi egimi, hisse sayisi,
yiizdl¢iimii vb.) ise yordam olarak tanimlanmustir.
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class TaginmazTriiDetayBilgileri /

Arsa

AdaNo: int
Beldesi: char[0,,1]
Bucagi: charf0,,1]
Cinsi: char
ilge: char
ili: char

i8kéyir char

Mewi: char

Niteligi: ParselNiteligi
PaftaNo: char[1,,4]
ParsaliNo: int

SinirYapr: SinirYapiTurd([0,,*]
Sokagi: char

Tard: MulkiyetTar
UlagimOlanagr: char 0.
YolaCepheUzunlugu: float
YolGenisligi: int

o+ F o+ F o F

Bina

BinadakiKatSayist: int
Binanin Yapim Yili: DateTime
BinaTrli: BinaTurli
CatiSistemi: GCatiSi

o

calcEgimSinifi() : float
calcHisseSayisi() : int
calcYiizOleiimii() : Measure

+ +

+
+
+
+ iTiiri
1 + Durumu: DurumuTarl
+ IscilikKalitesi: N IscilikKalitesiTipi
0.* [+ Siginak : SiginakTirl
+ suDeposu: char
+ YapK fzni i: Date
+

YapiRuhsati: Date

-

calcHisseSayisi() : int
calcYiizOlguimii() : Measure

+

1
Konut

Alternatifikullanimimkant: char
AsansérSayisi: int

Bagimsiz BolimiinBinadakiKonumu: char
BanyoSayisi: int

Bina Turii: char
BinadakiKatSayis!: int
BinaninYapmYil: date
Bulundugu Kat: char
CatiSistemi: CatiSistemiTurl
DisCephel i: DigCephel
IsinmaSistemi: IsinmaSistemiTipi
IsinmaYakitTirii: char
Malzeme&isgilikKalitesi: char
MimariProjesi: Date

OdaSayist: int

YapiRuhsati: char

YapiSinifi: char

isyeri

Alternatificullanimimkans: float
CEDRaporu: char

DigCephel i: DisCephe
GiiglendirmeDurumu: char
GiiglendirmelskanTarihi: DataTime
IsinmaSistemi: IsinmaSistemiTipi
IsinmaTirli: IsinmaTrl
IsletmeRuhsatr: isletmeRuhsatTiri
IsyeriKotSeviyesi: int
MadenKaynaklariVerisi : char
SuDeposu : SuDeposuTirii
Turizm Isletme Belgesi: char
YapiDenetimVerileri: char

iTUrd

iTurd

e
e

+

calcHisseDurumu() : void
calcHisseSayisi() : int
calcYiizOlgiimii() : measure

+
+

calcHisseSayisl() : int
calcYiizOlgimi() : Measure

T
&

Sekil 9. Tasinmaz tiirii detay bilgileri paketi icerigi.
3.11. Emsal Satislar Paketi

Toplu ve tekil degerlemeler sirasinda ayni tasinmaz igin
tekrarli degerleme islemlerinden kaginmak ve karsilastirma
yontemiyle degerleme yaparken emsal deger bilgisine
kolaylikla ulagabilmek i¢in “degerlemesi yapilmis
taginmazlar veritabanm1” da olusturulmalidir. Gilintimiizde
bunun birka¢ Ornegini, bazi kamu ve Ozel sektor
kuruluglarinin kendi biinyelerinde olusturduklar kii¢iik caplt
veritabani 6rneklerinde gormek miimkiindiir. Ancak bunlar
sahsi veya kurum bazinda kalmistir ve sinirlt bolgelerde
gecerlidir. Burada asil sorun, bu veritabanii olusturacak
piyasadaki gercek alim satim fiyatlarina ulasamamaktir.
Bunun i¢in bir Oneri olarak Tapu Midiirliiklerinde
ABD’dekine benzer bir sekilde alim-satim harglar diisiik
tutulmasi digiiniilebilir. Bu sekilde hem dogru olmayan
beyan ihtimali azaltilmis olur ve hem de bu alandaki vergi
gelirleri arttirlabilir. Bu sistemi hayata gecirebilmek adina
gercek satig fiyati beyan etmeyenlere agir para cezalari
uygulanmalidir.

Tasinmaz degerleri anlik degisebildigi icin degerlemede
kullanilacak ~ tim  veriler  siirekli  gilincellenmelidir.
Degerlemede kullanilmasi gereken emsal satig verileri, UML
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tabanli veri modelindeki EmsalSatislar isimli veri paketi
igerisinde olusturulmustur (Sekil 10). Paket icerisinde kamu
kuruluglar1 tarafindan yapilan tiim Ozellestirme, satis,
kiralama ve kamulagtirma verileri ile piyasada yapilan
normal alim-sattim degeri smiflar1  olusturulmus ve
degerlemeyle ilgili (deger, tarih, numara vb.) olmasi gereken
diger bilgiler de ilgili smiflarda 6znitelik bilgisi olarak
gosterilmistir. Toplu degerleme yonteminin en Onemli
asamalarindan olan analiz ve model kurma galigmalarinin
gerceklestirilebilmesi igin gerekli olan emsal tasinmaz
verileri bu paket icerisinden alinmast ongoriilmiistiir (Sekil
10). Verilerin giincelligini saglamak amaciyla aym
taginmaza ait daha Onceki deger bilgilerine erisim, Deger
simifinin kendi icerisinde tanimli <<zamansal>> iliskisi ile
saglanacaktir. =~ Bu durum UML  diyagramlarinda
gosterilmistir. Ayrica, degerlemede kullanilan tasinmaz
karakteristikleri veritabaninin olusturulmasi adina, bir kismi
yliz yiize olmak iizere degerleme uzmanlariyla yapilan
anketler sonucunda, her tasinmaz tiiri igin ayri ayri
olusturulan veri tablolarindaki bilgilerin, veri paketleri
igerisinde olusturulan simiflarin 6znitelik bilgileri olarak
kullanilmasi gerekmektedir.

ABD’dekine benzer bir sekilde emlakgilar, brokerlar (alict
ve saticinin bir araya gelmesini kolaylastirarak alisverisi
hizlandiran kisiler), sisteme iiye degerlemeciler vb. de
veritabanina bilgi girebilmeli, sorgulama yapabilmelidir.
Oncelikle emlakgilar, brokerlar ve degerlemeciler arasinda

bir platform  olusturulmali ve bilgi paylasimi
yayginlastiriimalidir.
class EmsalSatiglar /
Kira
+ deger: int
+ degerlemeTarihi: date [0.."]
«UE:)) «usen
M /
1 Zamansal

Kamulagtirma

<< —quser-

+ deger: int
+ degerlemetarihi: date [0..*]

7 \
/ \
«ugen wer
7
’ \\
4 N\
Alim&Satim Ozellegtirme
+ deger: int + deger: int
+ degerlemeTarihi: date [0.."] + degerlemeTarihi: date [0.."]

Sekil 10. Emsal satislar veri paketi igerigi.

Emsal Satislar veritabaninda zamansal veri yonetimi sistemi
olusturulmalidir. Ayrica veri yonetimi faaliyetleri ¢ok genis
kapsamli olacagindan, kullanilan verilerin sinirlandirilmasi
gerekir. Degeri etkileyebilecek tiim ekonomik ve gevresel
faktorler analize dahil edilebilmelidir.
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4. SONUC VE ONERILER

Model c¢ergevesinde degerlemede kullanilmasi gereken
verilerin temel o6zellikleri, tasinmaz degerine olan etkileri,
birbiriyle olan iligkileri, tasinmaz karakteristikleri ve emsal
satislar1 kapayan bir temel veritabani olusturulmasi igin
yapilmast gerekenler, UML smf diyagramlariyla gorsel
olarak olusturulmaya caligilmistir. Ancak bu ve benzeri
islemlerin tiim iilke genelinde belli standart ve kalitede
yiiriitiilebilmesi i¢in c¢aligma kapsaminda Onerilen, genel
hatlariyla i¢erigi olusturulan ve degerleme faaliyetlerinin tek
bir yasayla yonetilmesini hedefleyen Taginmaz Degerleme
Kanunu (TDK) gibi bir kanunun olmasina ihtiya¢ vardir. Bu
kanunun olusturulmas: sirasinda, burada sunulan UML
tabanli veri modeli tasariminin Yol gésterici olacagi
ongoriilmektedir.

Tasinmaz degerleme sistemin hayata gegirilmesi ve
stirdiirtilebilirliginin saglanmasi i¢in degerlemeyle ilgili
dogru ve giincel verilerin sahadan toplanmasi ve bir
veritabaninda tutulmasi, bitiin bu islemler i¢in de bir
uygulama yonetmeligi ¢ikarilmasi gerekmektedir.

Degerleme sahasinda gelismis diger iilkelerde oldugu gibi,
kullanilmas1 gereken veriler igin sayisal veri tabanlari
olusturulmali, uzmanlar belli bir icret karsihginda bu
verilere ulasabilmelidir. Boylece rapor hazirlama sirasinda
olusabilecek gecikmeler ve hatalar en aza indirilebilecektir.
Gelistirilen UML veri modeli paketinin igerikleri bu 6nerilen
veritabaninin statik yapisinin (veri tablolarinin yapilarinin
degismemesi durumu) ortaya konulabilmesi esasina gore
olusturulmustur. Modelde statik veri tabami kullanilmasi
sayesinde entegre bir tasarim elde edilmistir. Bu veritaban
statik olmakla birlikte degerleme sisteminde olabilecek
degisiklikler karsisinda giincellenebilir olmalidir.
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A four-element moxon antenna array is proposed in this paper. Its directive properties are shown with simulations and compared
with the classical dipole array. In order to synthesize the pattern of moxon array, a hybrid method that consists of differential
evolution (DE) and numerical electromagnetics code version 2 (NEC2) is also introduced. Basically, the cost function used by
DE is designed with the help of NEC2 simulations to achieve more realistic optimum antenna array designs. Patterns having one
and double sidelobe suppression at predetermined angles are successfully synthesized by using this method whereas the gain
value is maintained properly. Robustness of the proposed method is also examined. For this aim, multiple executions of the
method implementation are performed under same conditions. The results show that the method introduced in this paper is very

stable in terms of the radiation pattern and convergence curves.

Keywords: Directive antenna arrays, metaheuristic algorithms, moxon antenna, NEC2, pattern synthesis.

1. INTRODUCTION

One of the main advantages of the antenna arrays is that they
can produce directive radiation patterns. Antenna array
elements can be any type of antennas. Simple array elements
have two basic advantages which are simple construction
and easy calculation. Usage of dipoles as array elements is a
good idea since the dipole is one of the simplest types of
antennas [1]. However, linear dipole antenna arrays radiate
in both perpendicular directions to the array axis equally and
symmetrically when its array elements are uniformly
excited. It is a clear disadvantage when it is necessary to
radiate only one direction. A reflector element might be a
good solution for each element as used in Yagi-Uda antennas
to focus the main beam of the radiation to one determined
direction. In this context, Moxon antennas are in the group
of two elements Yagi-Uda antennas.

Moxon antennas have been chosen for several types of
applications owing to their advantages [2-4]. First of all, they
are compact compared to their alternatives [2]. As a second
advantage, they can produce patterns which have remarkable
front-to-back ratio [3]. Lastly, one does not need to use an
additional impedance matching circuit in general when using
a Moxon antenna [4].

In this paper, we propose a moxon antenna array design to
produce a directive radiation pattern. The design also
includes single and double suppression facilities on the

pattern. The sidelobe suppression is done by controlling
amplitude and phase parameters of array elements. Any
metaheuristic algorithm can be used to calculate the
amplitude and phase values. In this work, differential
evolutionary (DE) [5] algorithm is chosen for this purpose.A
comprehensive technique is used to optimize antenna
parameters. Classical techniques [6-8] generally use the
array factor formula to shape the patterns. This obviously
provides easy calculation advantages. However, the
optimization methods that use the cost function constructed
by considering only the array factor fall short to take account
of some important parameters such as mutual coupling and
impedance bandwidth. In the literature, in order to optimize
a twin polygonal loop antenna array [9] and a dual monopole
antenna having a spiral geometry [10] with high gain and
minimum reflection, the original source code of Numerical
Electromagnetics Code Version 2 (NEC2) [11] is modified
in C++ to let it work with particle swarm optimization
algorithm. In our work, NEC2++ [12] is utilized as a library
without modifying the original source code. There are two
main contributions of the work in this paper.

First, contrary to the other classical techniques that use the It
means that the objective function is based on the NEC2
simulation results in place of simple array factor formula
outcomes. Second, in this work, any modification is not
performed on NEC original codes. Instead, the optimization
parameters are passed to the NEC2 engine as a black box
function to obtain the simulation results.
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In this way, the proposed method is able to keep the overall
computational method from the programming language
dependency. A custom software implementation developed
in Python gains access to the antenna simulation library by
importing NEC2++ module composed originally in C++. In
this implementation, DE sends the main geometric and
electrical parameters of the moxon antenna to the NEC2++
simulator. An array factor formula is not needed since
NEC2++, as a variant of NEC2, uses the method of moments
technique for its calculations. The cost function taken into
account by DE is developed by considering the simulation
results of NEC2++. This cycle is performed in every iteration
in the optimization process.

2. MOXON ANTENNA ARRAY

A moxon antenna comprises two parts: A driven element fed
at the center and a reflector element which is longer than the
driven element as shown in Fig. 1. Driven element is in fact
a bent dipole antenna. The moxon antenna array proposed in
this paper is illustrated in Fig. 2. The moxon antennas as
array elements are arranged in a straight line. The reflector
parts of the array elements are aligned parallel to z-axis. The
distances between the elements are equal. The direction of
main beam is the positive y-axis. The moxon array sample
with four elements in Fig. 2 is designed for the examples of
this paper. The numerical details are given in the simulation
results section.

< D > B —>
| B F
Feed Point
Reflector

N

-]

Driven Element

N

Figure 1. Moxon antenna

A scheme is given in Fig. 3 to explain the excitation method
of the proposed moxon array. The examples of the single and
double sidelobe suppression on the pattern are performed by
controlling the amplitude and phase values of the array
elements.
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In the scheme, the radio frequency signal is divided into four
channels by a splitter. These four signals have same
amplitude and phase values before the control unit. The
control unit have attenuators and phase shifters for each
channel. In order to shape array patterns electronically, the
amplitude and phase values of the signals that goes to the
antennas are changed by the attenuators and phase shifters.
For the sake of simplicity, the other details such as
microcontroller unit and amplifiers are not shown in Fig. 3.

=
-
,"A
Feed L
Point
.
Figure 2. Moxon antenna array
Phase
Attenuators Shifters T
RF Z \r
Signal g Z @ T
5 —
— I
Control Unit

Figure 3. Control unit for signal attenuation and phase
shifting

3. PATTERN SYNTHESIS METHOD

The method proposed in this paper for pattern synthesis of
moxon antenna array exploits the benefits of NEC2 antenna
simulation engine and DE optimization algorithm jointly. In
this method, DE optimization algorithm uses a cost function
to shape the desired array pattern. The cost function is
composed of the restrictions on the pattern obtained from the
results of NEC2++ which is a software library version of
original NEC2. The cost function can be represented
mathematically as follows:

K
C=(Gy —Go)* + D (S —Sq)’
k=1

o))
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where Gq and G are the desired and calculated gain of the
antenna array, respectively. In a similar way, Sq and Sk are
the desired and calculated sidelobe levels at the
predetermined angles, respectively. G4 must be greater than
Go in this calculation, otherwise the relevant part of the
calculation is zero. Similarly, Sk must be greater than Sg,
since the calculated sidelobe cannot be acceptable higher
than the limits. The main target of DE algorithm is to find
optimum parameters which make the value of the cost
function minimum. The gain and sidelobe calculations are
performed by means of NEC2++ module.

NEC?2 is the second version of Numerical Electromagnetic
Code (NEC) software released under public domain. It
provides useful tools to solve electromagnetic problems,
which are especially related to antennas [11]. The software
is based on the numerical solutions of electric-field and
magnetic field integral equations obtained by method of
moments. NEC mainly utilizes the electric-field integral
equations to model electromagnetic response of thin-wire
structures.

The magnetic-field integral equations are specialized for the
large smooth surfaces in NEC. The models of NEC can also
handle with perfect and imperfect conductors, lumped
element loading, and ground planes. After the solution, it is
possible to achieve current and charge densities, near-field
and far-field results, impedance and admittance, gain,
directivity and power budget calculated by NEC. NEC2 has
same core features with NEC. Although NEC2 also owns
some different properties from that of NEC, the features of
NEC2 used in this work is not different from NEC. In this
paper, we use NEC2++ [12] to simulate the moxon antenna
array programmatically in order to construct the cost
function and guide DE algorithm.

NEC2++ mirrors all the capabilities of the original NEC2.
NEC2++ is coded with C++ and released under the general
public license. NEC2++ also offers an opportunity for
utilizing NEC2 engine directly within computer programs
developed by using Python, Ruby, C and C++ Languages.
This provides very good flexibility for custom applications.
In this paper, we employ Python programming language to
access NEC2++ library.

DE is a population based metaheuristic algorithm [5]. In
general, the population members search an optimal solution
in the solution space by exploiting the position information
of the other members. This information exchange among the
members is performed by a simple mathematical formula.
Each member has a chance as a trial member to benefit from
this mutation phase at every single iteration.

The mutant member built by the means of the information
sharing substitutes for the trial member if it has a better
performance than the trial member in terms of cost function.
Randomization is utilized at three stages during the
optimization process: scattering population member at the
beginning, selecting random members to apply the mutation
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formula and performing recombination. Termination criteria
may be a maximum iteration number or an optimal solution
that fulfills the requirements. DE algorithm can be formally
described as follows:

NP: Number of population members

F: Scaling factor in (0, 2]

CR: Crossover rate in (0, 1)

random() is a function that returns a real number in [0,
1)

Let p € R" be trial member

K: R" — R, the cost function

e |Initialization

v Distribute all population members randomly
throughout the solution space.

v Calculate the cost function values of all
members.

e For each iteration until the termination criteria is
satisfied.

e For each member as a trial member x

o Select three random members (a, b
and c) different from each other and
the trial member.

e For each i dimension to build a
mutant member m:
m; = a; + F(bi-ci) if random() <
CR, otherwise m;j = X;

e Calculate the cost function value of
the mutant member

[ ]

o |f the cost function value of mutant
member m is better than that of trial
member x, the trial member is
replaced with the mutant member m.

[ ]

e Display the population member as an optimal solution,
which has the best cost function value at the end of the
optimization.

The positions of the population members of DE in our work
corresponds amplitude and phase values of array elements.
Our examples are built on the idea of four-element moxon
array. Each array element has its own amplitude and phase
values. Therefore, in this work, DE algorithm deals with a
problem having eight real dimensions.

4. SIMULATION RESULTS

In order to show the performance of the moxon array and the
proposed pattern synthesis method, we take account of a
four-element antenna array as illustrated in Fig. 2. The center
frequency is chosen as 433 MHz. The geometrical
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configuration is arranged by considering this frequency
value. As an array element, the moxon antenna dimension
values are calculated by means of MoxGen software [13].

The wire radius is set to 1.02616 mm (12 AWG). With these
frequency and wire size inputs, MoxGen produces the
following values for the geometrical parameters in Fig. 1: A
=248.3 mm, B =31.9 mm C = 12.6 mm, and D = 48 mm.
The moxon array used in this paper comprises four elements
separated from each other with a 485.611 mm distance. This
distance is computed by using the classical optimization tool
of 4nec2 [14].

Proposed array synthesis method is written in Python 2
language by using Spyder development environment.
NEC2++ is integrated into the implementation as a library.
DE algorithm has been used to alculate both amplitude and
phase values of moxon array elements in order to place
desired nulls on the pattern. 4nec2 is employed as the
antenna simulator to analyze and illustrate the results
calculated by the proposed method. First of all, traditional
half-wave dipole (346 mm length) array and the proposed
moxon array are compared to point out the higher gain and
better front-to-back ratio of moxon array. Fig. 4 shows both
the patterns of dipole and moxon antenna arrays.

The dipole array elements have the same wire radius and
element spacing with the moxon array. It is clear from Fig. 4
that Moxon Array has higher gain than dipole antenna. The
gain of moxon array is 13.1 dBi whereas that of dipole array
is 10.5 dBi, the front-to-back ratio of moxon array is 11.7 dB.
Both patterns in 3D can be viewed in Fig. 5. From Fig.5 , it
can be inferred that the azimuth (6) direction radiation values
are in harmony with 2D plot of radiation pattern in Fig. 4.

Dipole Antenna Array ----
Moxon Antenna Array ——

Radiation Pattern (dB)

0 50

Figure 4. Pattern comparison of uniformly exited dipole and
moxon antenna array.
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(@) (b)
Figure 5. Patterns of uniformly exited (a) dipole array and
(b) moxon array in 3D.

For the first sidelobe suppression example, we assume that
there is an interference source towards the antenna array in ¢
= 122° direction.

Since it is known that the lower sidelobe levels than -20 dB
can be acceptable for most applications [15], it would be
enough to suppress the sidelobe level lower than -20 dB at
122°. But to test the power of the proposed method, we have
configured the cost function (1) to limit the sidelobe level at
122° with -30 dB. 70 iterations suffice to achieve the desired
pattern form.

The pattern with a suppressed sidelobe under -30 dB at 122°
is shown in Fig. 6. The gain of the moxon antenna is 13 dBi
as shown in Fig 7. In the same figure, it is also possible to
see the sidelobe suppression location indicated by the arrow
in 3D.
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Figure 6. The moxon antenna array pattern having single
sidelobe suppression at 122° obtained by the proposed
method and the pattern of uniformly excited moxon antenna
array.
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(a)
Figure 7. (a) Uniformly excited moxon antenna pattern and
(b) the pattern having single sidelobe suppression at 122°
obtained by the proposed method.

(b)

The setup of the first example has also been used to evaluate
the robustness of the algorithm. For this aim, same
configuration has been executed for 30 times and the
convergence values of the cost function are recorded, as well
as calculated amplitude and phase values.

The patterns of moxon array computed by proposed
algorithm running 30 times are presented in Fig. 8.
Especially the main lobe and suppressed sidelobe are very
stable for almost every run. The algorithm is able to find very
similar solutions consistently. The convergence curves for
these 30 run in Fig. 9 also helps to conclude that the proposed
method can be considered as a robust optimization
technique.

Radiation Pattern (dB)

Figure 8. Patterns with a single sidelobe suppression at
122°obtained by running proposed method 30 times.

For the second example, the main aim is that the sidelobe
levels at 59° and 152° are kept under -30 dB while the main
lobe gain is fixed to 13 dBi,. Fig. 10 exposes that the
proposed technique has successfully achieved a pattern with
two suppressed sidelobe under -30 dB at 59° and 152°.
Besides, Fig. 11 shows in 3D both the uniformly excited
moxon array pattern and the pattern achieved by the
proposed method.
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It is clear from Fig. 11(a) that a pattern having 13 dBi main
lobe gain and two properly suppressed sidelobes are
achieved.
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Figure 9. Convergence curves of proposed method
employing DE algorithm 30 times for the first example.

Proposed method in this paper — J
Uniform excitation ----_4

Radiation Pattern (dB)

250 300

Figure 10. The moxon antenna array pattern having double
sidelobe suppressions at 59° and 152° obtained by the
proposed method and the pattern of uniformly excited
moxon antenna array.

Figure 11. (a) Uniformly excited moxon antenna pattern and
(b) the pattern having double sidelobe suppressions at 59°
and 152° obtained by the proposed method.

5. DISCUSSIONS AND CONCLUSION

The four-element moxon antenna array introduced in this
paper has a good gain and a front-to-back ratio values. It
might be a better choice among the dipole alternatives for the
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applications when the high directivity is necessary in a
certain direction. It also naturally owns the other advantages
which individual moxon antennas have. Additionally, the
moxon array has an ability to have control over the pattern
shape. To do that, we have proposed a method that can
exploit DE optimization algorithm and NEC2.

The proposed synthesis method has achieved the targeted
results for the single and double sidelobe suppression
examples. Since the cost function is built on a real simulation
environment rather than simple antenna array factor, an
additional procedure is not deeded to take mutual coupling
effects into consideration separately. Besides, the robustness
test for the first example shows that the proposed method has
a very stable mechanism to find the optimal solutions.

Addition to the 2D plots, the examination of the 3D results
have pointed out that the pattern attained by the proposed
method is in desired form in the all planes of three-
dimensional space. It is natural that the technique proposed
in this paper is relatively slower than the other theoretical
techniques because it owns a hybrid system that includes DE
and NEC2 which is a complete antenna simulation system.
The results show that the method proposed in this paper,
achieved more realistic results than the classical techniques
[6-8]. Classical techniques use the array factor formula to
optimize amplitude-only [6], phase-only [7] and amplitude
and phase together [8] by assuming that the array elements
are isotropic radiators. Isotropic radiators are theoretical
sources rather than physical antennas. Our results are
obtained by employing NEC2 and DE techniques to control
amplitude and phase values. This provides a special
simulation opportunity, which can use real antenna elements.
In this study, the array elements are determined as dipole
antennas in our examples. Additionally, the method has been
used to achieve the radiation patterns with prescribed nulls
by sending optimization parameters to the original NEC2
computation engine. NEC2 was modified in [9] and [10] to
design different types of antennas. However, this
modification has to be done with the same language of the
source codes of the NEC2 library. As a better alternative, our
solutions are calculated with Python while the original code
of NEC2 is C++. Our results have also confirmed that it is
possible to use any programming technique to apply the
method proposed in this paper. In the future works, it is
planned that the proposed array will be constructed and
tested with a module having four independent channels with
digitally controlled frequency, phase, and amplitude.
Furthermore, the antenna synthesis method introduced in this
paper will be used for different antenna systems with
additional parameters such as impedance bandwidth and
radiation efficiency.
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Giinlimiizde yapilmis olan bir¢ok termal konfor ¢alismasina bakildiginda; sicak iklimlerde bitkilerin tek baglarina ya da
topluluklar halinde serinletme etkileri arastirilmaktadir. Kis aylar i¢in yapilan ¢aligsmalarda ise bitkilerin 1sitma etkisi
daha ¢ok 6nem arz etmektedir. Bitkilerin 1sitma etkisi kentlerde iklimi iyilestirirken ayni zamanda kentin 1sinmasinda da
enerji tasarrufu saglamaktadir. Yapilan ¢alismalar bitkilerin aksine sert zeminlerin kisin serinletme etkisinin fazla, yazin
ise daha sicak oldugunu gostermektedir. Bu ¢alismada, ekstrem kis kenti kosullari bulunan Erzurum’da Ata Botanik
Bahgesindeki bitkilerin ve sert zeminin termal konfora etkisi arastirilmistir. Yiizey sicakliklart 2017 kis aylar1 boyunca
havanin agik oldugu farkli giinlerde, saat 09:00, 13:00 ve 16:00 da hassas termal kamera ile goriintiiler alinmistir. Ayni
zamanda, Sky-View Factor (SVF) ol¢iimleri ile sicaklik ve nem degerleri de analiz edilmistir. Kis aylarinda Sarigam
(Pinus sylvestris L.) ile Hus (Betula alba L.) topluluklar1 ve alandaki otoparktan alinan &l¢iimlerde en iyi termal konforu,
ortalama 1.8 °C daha sicak ¢ikan Sarigam (Pinus sylvestris L.) topluluklari saglamistir. Karla kapl otoparklarin yaydigi
yiizey sicakliginin digerlerine gore ortalama 3.2 °C daha serin ¢iktig1 belirlenmistir. Yapilan ¢aligma gdstermistir ki; sert
gegen kis kentlerinde termal konforu saglamak amaciyla ibreli aga¢ koruluklart olusturulmali ve genis sert zeminler
olusturmaktan kaginilmalidir. Ayrica dogal bitkilerin kentsel mekanda kullanilmasi termal konforlu, enerji tasarruflu ve
ekolojik planlamalar igin gereklidir.

Anahtar Kelimeler: Soguk iklim, 1sitma etkileri, termal konfor, agaglar

Heating Effects of Plant Communities in Cold Climate Regions: Erzurum Ata
Botanic Garden
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Abstract

The heating effect of the plants is important for regulating thermal comfort in winter. The heating effect of the plants
improves the climate in the cities and at the same time saves energy in the warming of the city. Studies indicate that hard
floors in contrast to plants have more cooling effect in winter and warmer in summer. Plants also clean the intense polluted
air in cities during winter months. The objective of this study was to determine the effect of thermal comfort of plants and
hard floors in the Ata Botanical Garden in Erzurum. Substrate temperatures were taken at different times during the 2017
winter months at 09.00, 13.00 and 16.00 with a thermal camera. In addition, temperature and humidity values were
measured with the Sky-View Factor (SVF) measurements at the same time. The results indicated that Scots pines (Pinus
sylvestris L.) ensured the best thermal comfort with an average 1.8 °C warmer surface as compared to the others; Birch
(Betula alba L.) communities and the parking lot in the area. The average surface temperature of snow-covered parking
lots was about 3.2 °C cooler than the others. The results of this study clearly indicated that the climate can be positively
affected creating coniferous trees woodland with the aim of providing thermal comfort in the hard winter cities and the
use of natural plants on urban space is necessary for thermal comfort ecological planning.

Keywords: Cold climate, heating effects, thermal comfort, trees.
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1. GIRIS

Diinyanin temel 1s1 kaynagi olan giines, canliliin temel
unsurlarindan biri olmanin yaninda; yasadigimiz dis
mekanlarin konforu iizerinde de etkili faktor olarak en basta
gelmektedir. Gilinesten yayilan 1smnlarin  gezegenimize
ulasarak atmosfer igerisinde bulunan taneciklere ve ardindan
yer yiizeyine carpmasi ile 1siya doniisiimii siireci giines
radyasyonu olarak adlandirilmaktadir. Bu siire¢ canlt
yasaminin  siirdiiriilmesi amaciyla gerekli olan 1simin
olusturulmasmin yaninda, hidrolojik dongii, fotosentez ve
diger iklim parametreleri gibi faktorler iizerinde en etkili
stirectir. Yer yilizeyinin ne ile kapli oldugu ise giinesten gelen
isinlarin - yansimast  ve tutulmasi agisindan oldukga
onemlidir. Giinesten gelen 1s1nlarin yeryiiziine ulasmasindan
sonra bir kismi tutulmakta, bir kismi ise yansiyarak
atmosfere geri gonderilmektedir. Yeryiiziinde bulunan
materyallerin ~ giinesten gelen 1siy1 tutarak, giines
kaybolduktan sonra gevresine bu 1sty1 vermeleri olayina ise
“karasal radyasyon” denilmektedir [1-2].

Yer yiizeyi lizerindeki 1s1 tutma potansiyeli yiiksek olan sert
zeminlerdeki artig, karasal radyasyonun artmasina neden
olurken; bu durum kentsel 1s1 adasi olusumuna sebep olan
faktorlerin baginda gelmektedir.

Kentsel mekanlarda dig mekan kullanimini saglayan teraslar,
kaldirimlar ve otopark gibi alanlari olusturan sert zemin
yiizey kaplamalar1 iizerinde oldukca fazla calismalar
yapilmaktadir. Bu alanlarin &zellikle kentsel 1s1 adast
olusumu iizerine etkileri vurgulanmakta ve genelde sicak
kentler ya da sicak yaz dénemleri iizerinde durulmaktadir [3-
4-5].

Birlesmis Milletler’in 2016 yili Diinya Sehirlesme
Raporlarina gore diinya niifusunun %354.5’1 kentlerde
yasamakta olup, bu oranin 2030 yilina kadar %60°a ulagsmasi
beklenmektedir [6]. Kentsel alanlardaki niifus artisina
paralel olarak kentsel mekanlarda yasanan yogun yapilagma,
yesil ve agik alanlarin azalmasi, termal konforlu mekéanlarin
azalmasina yol agmaktadir. Kentsel mekanda dis ortamlarda
termal konforu etkileyen canli ve cansiz materyaller lizerinde
siirekli ¢alismalar yapilmaktadir. Termal konforu olumlu
yonde etkileyen agag tiirleri, yogunluklari ve gesitliligi gibi
konularda oldukga fazla ¢aligmalar yapilmaktadir [7-8-9-10-
11-12].Ozellikle agaglarin dal ve yapraklari ile giines
radyasyonunu hafiflettikleri ve buharlasma ile 1s1 akigim
artirarak ortamu serinlettikleri vurgulanmaktadir [10-13].

Kentsel dis mekanda yapilan g¢aligmalarda yesil alanlarin
sayisiz yararlarinin yaninda, termal konforu ve kent mikro
klimasint  olumlu etkiledigi belirlenmistir.  Yapilan
calismalarda yesil alanlarindaki termal konforun kentsel
mekéna gore daha iyi oldugu vurgulanmaktadir [14-15].
Yesil alanlar ve oOzellikle agaclik alanlar, giinesten gelen
ozellikle kisa dalga boylu radyasyonun biiyiik bir kismini
kendisi absorbe ettiginden yaz donemlerinde atmosferin asiri
isinmasini kismen engellerler [16].
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Bitkiler ozellikle terleme, giines isiklarini yansitma, 1s1
tutma, golgeleme ve riizgarin  azaltilmasi  veya
yonlendirilmesi gibi fonksiyonlar1 ile mikro iklime katki
yaptiklar1 Dbilinmektedir. Bitkiler, terleme igin ihtiyag
duyduklart enerjiyi biiyiik olciide ¢evresindeki havadan alir
ve bu bitki ¢evresinde daha serin bir alan olugmasina katki
saglarlar. Giinesten gelen 1g1n1in enerjisi cisimlere ¢arptiginda
1stya doniismektedir. Bitki giinesten gelen bu isinlarin bir
kismini yansitmakta ve boylece 1s1ya doniismeden atmosfere
gondermektedir. Bir kismini ise yaprak ve dal yilizeyinde
tutmaktadir. Bu yolla golgeleme saglanmakta ve bitki alt
kisimlart serin kalmaktadir. Bitkilerin yapraklar1 vasitasi ile
mikro iklime etkileri Sekil 1’de gorilmektedir. Bitkilerin
rlizgr azaltma ve yonlendirme 6zellikleri de kentsel mikro
iklim tzerinde olumlu veya olumsuz etkilere sebep
olabilmektedir. Yogun kullanildiklarinda riizgdr hizinin
azalmast sicaklik artisina sebep olurken, planli olarak
yapilan ve riizgar koridoru seklinde tasarlanan agaglar sicak
iklimli kentlerde veya sicak donemlerde termal konforu
olumlu etkilemektedir [17-18].

incoming solar radiation

(100% visible +100% solar infrared)
reflected radiation

(10% visible +
50% solar infrared)

absorbed radiation

transmitted radiation ik
(10 % of visible + (0% vistble +
30 % of solar infrared) 20% solar infrared)

Sekil 1. Bitki yapraklar: tarafindan emilen (yesil), yansiyan
(mavi) ve iletilen (sar1) giines 1sinlar [18].

Giiniimiizde bitkilerin kentlerdeki fonksiyonlari incelenirken
soguk kentlerde veya kis dénemlerindeki mikro klimatik
etkileri ile ilgili ¢alismalar istenilen seviyelerde degildir.
Ozellikle karla kapl yiizeylerde giines radyasyonu ve karasal
radyasyonun durumu, bitkilerin karla kapli dénemlerdeki
mikro iklim fonksiyonlar1 gibi konularin daha fazla
arastirilmasi, kis kentleri agisindan 6nem tasimaktadir.

Erzurum kenti de iklim kosullarinin yasam sartlarini
olumsuz etkiledigi kentlerden biri olarak dikkat cekmektedir.
Yapilan bu ¢aligma ile soguk ve uzun gegen kis kosullarinin
kentsel alanlarda yasayan halk i¢in olusturdugu
olumsuzluklarin giderilmesi, kentsel mikro klima alanlariin
saglanmasi bakimindan yapilabilecekler igin yol gosterici
olmasi hedeflenmistir. Calismada dis mekanda termal
konforu belirlemek igin termal kamera kullanimi [8,19-20]
ve kullanilan bitkilerde Gokytizii Goriiniirliik Oran1 (SVF)
[7-10-21] gibi 6lgiimler yapilarak karla kapli yiizeylerde
bitkilerin rolii belirlenmistir.


https://www.sciencedirect.com/science/article/pii/S161886671730417X#bib0075
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2. MALZEME VE YONTEM

Calisma Tiirkiye’nin dogusunda bulunan Erzurum kentinde
yiiriitiilmiistiir. Kent kis donemlerinde -37°C ye varan diisiik
sicakliklar1 ile {ilkenin en soguk kentlerinden biri olarak
dikkat ¢cekmektedir. Yaklasik 1850 m rakimda kurulu olan
kent ve ¢evresinde karin yerde kalma siiresi yillik 113 giin
ortalamasina sahiptir. Kis donemleri agir sartlara sahip olan
kentte yaz donemleri ise sicak ve kurak ge¢mekte, zaman
zaman 36°C’lere varan sicakliklar da goriilebilmektedir.

Calisma kapsaminda 6l¢iimler, kent merkezinde bulunan 35
hektar biiytikliikteki Ata Botanik Bahgesinden alinmustir.
Ozellikle kis aylarinda dis mekan konforunu elde etmek igin
analizler yapilmistir. Bu amagla 2017 yili kis ayinda, Ata
Botanik Bahgesinin ¢evresindeki yiiksek bir yapidan yiiksek
¢Oziiniirlikli termal kamera Slgtimleri alinmistir. Gorlintii
kayitlarinda Optris® PI-450 (Optris, Berlin, Germany)
marka yiiksek hassasiyetli termal kamera kullanilmistir. Bu
gorintiller saat 09:00, 13:00 ve 16:00 da alinmis ve
kaydedilmistir. Ayn1 6l¢iim saatlerinde ortamin sicaklig1 ("C)
ve nem (%) degerleri de 6l¢lilmiistiir. Termal kamera 6lgtimii
yapilan alanda bulunan agaglarin altinda, fotograf
makinasina takilan balik g6zii lensle ¢ekimler yapilmis ve bu
agaglarin gokyiizii goriiniirliik oranit (Sky View Factor=SVF)
belirlenmistir. Calisma alanmin konum haritas1 Sekil 2°de
verilmigtir.

Gokytizti gortniirlik orani (SVF) tamamen kapali ve
tamamen acik oldugunu gosteren O ile 1 arasinda deger alir.
Rakam 1’e yaklastikga gokylizii goriiniirliigli artarken, 0’a
yaklastiginda ise goriiniirliik oran1 diigmektedir [22].

Sekil 2. Calisma alan1 konum haritast.
3. BULGULAR

Calisma kapsaminda yapilan 6l¢iimler kis donemlerinde ve
yer ylizeyinin karla kapli oldugu dénemde yapilmstir. Kis
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donemlerinde botanik bahgesinin kapali veya kullanilmiyor
olmasindan dolay1 gerek otopark yiizeyi ve gerekse agac
altlar1 6l¢iim yapilan donemde yaklagik 40 cm kar ortiist ile
kapli durumdadir.

Bitkilerden alinan SVF goriintiileri ise bitkilerin alt kismina
ulasan ve buradan yanstyan 1siklar agisindan, yaprak ve dal
sikligina bagl olarak bitkinin ylizeyinde absorbe ettigi 1s1
acisindan ve ibreli-genis  yaprakli  bitkilerde 1s1
absorbsiyonunun tespiti agisindan 6nem tagimaktadir.

Kis déneminde yapilan 6lgiimlere gore, Pinus sylvestris L.
(Sarigam) bitkisi igin SVF degeri 0.043 olurken, bu deger
Betula alba L. (Hus) bitkisi i¢in 0.167 olarak belirlenmistir
(Sekil 3).

Sekil 3. Kis donemlerinde Pinus sylvestris L. (Sarigam) ve
Betula alba L. (Hus) bitkileri igin SVF (Sky View
Factor=Gokyiizii Goriiniirlik Orani) degerleri.

Calisma kapsaminda yiiksek ¢oziiniirliiklii termal kamera ile
yapilan Olglimler saat 09.00, 13.00 ve 16.00’da
gerceklestirilmigtir.  Termal kamera, giinesten gelip
yeryiizline ¢arparak 1stya doniisen yiizeylerde sicaklik tespiti
yapmakta olup; bu amagla sarigam ve hus koruluklarinin
bitki tag yiizeyleri ile {izeri karla kapli bir otoparkin yiizey
sicakliklart degerlendirilmistir. Bu sekilde yillik 113 giin
ortalama karla kapli gilin sayisina sahip olan Erzurum
kentinde karla kapli doénemlerde, kisin yaprakli (Pinus
sylvestris L.) ve yaprak doken (Betula alba L.) bitkilerinin
etkileri termal konfora belirlenmeye ¢alisilmistir. Yapilan
Olgtimlere iligskin veriler Tablo 1°de goriiliirken; ti¢ farkli
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saatte alinan termal kamera goriintiileri ise Sekil 4, Sekil 5
ve Sekil 6’da verilmistir.

Tablo 1. Caligma alanlarinin yiizey sicakliklari.

09.00 13.00 16.00 Ortalama
() () () (9)
Otopark -11.9 -10.9 -7.2 -10.0
Alam
Betula alba -8.1 -7.3 -4.1 -6.5
korulugu
Pinus -7.9 -6.8 -3.8 -6.1
sylvestris
korulugu

Termal kamera ile alinan yiizey sicakliklarinin 09.00, 13.00
ve 16.00 saatlerindeki ortalamalar1 incelendiginde karla
kapli otopark alaminda yiizey sicakligimin -10.0 °C’ye kadar
diistiigii, saricam korulugu yiizeyinin ortalama -6.1 "C’ye
kadar 1sinabildigi ve yapraksiz olan hus korulugunun da -6.5
°C sicaklik gosterdigi tespit edilmistir (Tablo 1).

Giinesin 1sitma etkisinin zayif oldugu sabah saatlerinde
otopark alani Ttizerinde Olciilen sicaklik oldukca diisiik
cikarken; bu deger -11.9 ‘C’ye ulagmustir. Ayni saatte
saricamlar iizerinde olgiilen sicaklik -7.9 °C olarak
Olglilmiistiir. Otopark alani ile sarigcam yiizeyleri arasinda
4.0°C sicaklik farki olusurken bu deger otopark ile hus
ylizeyleri arasinda 3.8 °C olarak dl¢iilmiistiir (Sekil 4).
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Sekil 4. Saat 09.00 icin termal kamera analizi.

Saat 13.00°da otopark alan1 iizerinde dlgiilen sicaklik -10.9
°C olarak dlciilmiistiir. Oglen saatlerinde giinesin etkisini
artirmast ile birlikte otopark yiizeyindeki sicaklik da 1.0°C
artmugtir. Ayni saatte saricamlar iizerinde 6l¢iilen sicaklik —
6.8 °C olarak olgiilmiistiir. Hus yiizeyleri iizerindeki sicaklik
ise -7.3 °C olarak dl¢iilmiistiir (Sekil 5).

Giinesin 1sitma etkisinin yiiksek oldugu ve yiizeyleri 1sittig1
bir saat olan 16.00°da ise otopark yiizeyindeki sicaklik degeri
-7.2 "C’ye kadar yiikselerek giin igerisindeki en yiiksek
degere ulagsmistir. Benzer sekilde saricam yiizeyleri de en
yiiksek sicaklik degerine ulasarak -3.8 °C’ye ¢ikmigtir. Hus
yiizeyleri ise -4.1 ‘C’ye kadar yiikselmistir. Otopark alam ile
cam yiizeyleri arasindaki sicaklik farki ise 3.4 °C olarak
Ol¢tilmistiir (Sekil 6).
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Sekil 5. Saat 13.00

Calisma kapsaminda elde edilen yiizey sicakliklarinin grafik
gosterimlerinin yer aldig1 Sekil 7. Incelendiginde; sarigam
ylizey sicakliklarinin tiim saatlerde diger yiizeylere gore
daha sicak oldugu ve giinese maruz kalmasina ragmen karla
kaplt acik-yesil alanlarin agaglik alanlara gére daha soguk
degerlere sahip oldugu goriilmektedir.

Pinus community [0Betula community [ Parking Slot

16:00 icin yHZev-SicalkigT

3000 iZeSicakigT

OO0 CIn U Ze-SICakiioT
-5

Sekil 7. Calisma alanlarinin yilizey sicakliklar i¢in grafik
gosterimleri

4. DEGERLENDIRME VE SONUC

Kent termal konforunu ve mikro iklimini arastirmak
amactyla diinyanin farkli iklim bdlgelerinde birgok
caligmalar  yapilmigtir ~ [23-24-25-26-27-28-29]. Bu
caligmalarda genel olarak kentsel 1s1 adasi iizerinde
durulmustur. Soguk iklim kosullarina sahip ve kar ortiisiiniin
uzun siire kaldig1 kentlerde giines radyasyonu dramatik bir
sekilde azalmakta, giines 1sinlarmin kar Ortiisiine garparak
atmosfere geri donmesi sonucunda kent mikro iklimi
degisimler yasamaktadir. Meydana gelen albedo, kentsel
alanlarda termal konfor fiizerinde olumsuzluklara neden
olmaktadir.
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Kis donemlerinde, kar ortiisii atmosfer ile yer yiizeyi
arasinda gerceklesen 1s1 ve nem degisimleri iizerinde dnemli
bir rol oynamaktadir [23]. Walsh ve ark. [30],
calismalarinda, kar Ortiisiiniin  ABD genelinde aylik
sicakliktaki degisimin yaklasik % 10-20'sini olusturdugunu
belirlemislerdir.

Zhang ve ark. [31], ¢alismalarinda bitki ortlisiiniin gerek kis
donemlerinde ve gerekse yaz donemlerinde, dis mekan
termal konforu iizerinde etkili oldugunu belirtmislerdir.
Calismalarinda bitki ortiisiiniin yaz donemlerinde konfor
tizerinde olumlu etkiler sagladigini, kig donemlerinde ise
ozellikle yaprak dokmeyen agaglarin golge etkisinden dolay1
termal konfor {izerinde olumsuz etkilere sahip oldugunu
ifade etmislerdir. Ancak yapilan bu ¢aligmada yeryiiziiniin
karla kapli olmamasi nedeniyle, agaglar yer yiizeyine
ulasacak 151k miktarini azaltmakta ve bu da yer ylizeyinde
tutulabilecek 1s1 miktarini diigiirmektedir.

Yapilan bu c¢alisma kapsaminda agac ylizeylerinin kar
Otiisiinii tutmamast nedeniyle giinesten gelen 1sinlarin
carpmasi sonucu bir kisminin 1stya doniiserek, karla kaplt
zeminlere gore daha sicak olduklari tespit edilmistir.

Normal kosullar altinda kapli yiizeylerden olusan otopark
alanlarinin giines etkisi ile 1s1 absorbe etmesi ve kentsel 1s1
adas1 olusumuna katki vermesi beklenmektedir. Ancak bu
calisma kapsaminda yapilan olgiimler gostermektedir Kki;
karla kapli olan otopark alaninda giines i1sinlarinin albedo
sonrasinda atmosfere geri donmesi ile bu alanda OSlgiilen
yiizey sicakliklar1 -11.9 °C’ye kadar diismiistiir.

Yaprak doken bir aga¢ olan Betula alba L. (Hus) bitkisi
korulugunda kis donemlerinde alinan termal goriintiiler
incelendiginde, giinesten gelen 1siy1 absorbe yeteneginin,
yaprak dokmeyen Pinus sylvestris L. (Sarigam) agacina gére
diistik oldugu goriilmiistiir. Bu kapsamda agaclardan alinan
SVF degerlerinin de Onemi goriilmektedir. Daha sik,
kompakt dal ve yaprak yapisina sahip olan ve yaprak
dokmeyen saricamlarin 0.043 gibi diisiik bir SVF degerine
sahip oldugu, kapalilik oran1 daha az olan ve yaprak doken
Hus agaclarinin  0.167 SVF degerine sahip oldugu
gorilmektedir. Yaprak ve dal sikligi arttikca SVF
dismektedir. Yaprak ve dal sikligindaki artis ise giinesten
gelen 1ginlarin ¢arparak yansimadan biiylik ¢ogunlugunun
1siya donlismesine neden olmaktadir. Yapilan bu ¢aligma
kapsaminda da elde edilen sonuglar bu durumu
desteklemektedir.

Kar ortiisiiniin uzun siire yerde kaldig1 ve kis sartlarinin zorlu
gectigi soguk kentlerde, gilines 1sinlarinin yerde bulunan kar
yiizeyleri tarafindan yansitilmasi ve atmosfere geri
gonderilmesi, ortamin sogumasina, bu da yagsam konforunun
diismesine neden olmaktadir. Kis donemlerinde kar
Ortiisiiniin yogun bir caba ile temizlenmesi ve kentten
uzaklagtirilmasi durumunda albedosu kar ortiisiine gére ¢cok
daha diisiik olan asfalt, beton, kapli kaldirimlar, yesil
ylizeyler ve benzeri kentsel kaplama ylizeyleri tekrar
1sinmaya baslamakta ve kar Ortiisiiniin temizlenmedigi kent
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cevresindeki kirsal alanlara gore daha sicak olmaktadir. Bu
durum Erzurum kenti ile komsu olan Erzincan ilinde Toy ve
Yilmaz [32] tarafindan yapilan bir  ¢aligmada
degerlendirilmistir. Yaklasitk 10 yillik iklim verilerinin
degerlendirildigi ¢alisma sonucunda; Erzincan gibi kirsal
alanlar1 kis donemlerinde karla kapli bir kentte, kentsel
alanlarin daha konforlu oldugu sonucuna ulasilmistir.

Karla kaplh giin sayist ortalamasinin yillik 113 giin oldugu
Erzurum kentinde yapilan bu ¢alisma kapsaminda yaprak
dokmeyen bir aga¢ olan Sarigamdan olusan koruluklarin
agagc tag yiizeylerinde, otopark gibi agik alanlardan ve yaprak
doken huslardan olusan koruluklardan daha fazla 1s1
tuttuklar1 belirlenmistir. Bu nedenle Erzurum gibi soguk ve
karin yerde kalma siiresi uzun olan kentlerde Sarigam gibi
yaprak dokmeyen bitkilerden olusan koruluklarin yapilmasi,
kis kentinde albedoyu diigiirmekte, bu da kent mikro klimas1
iizerinde olumlu etkilere sebep olmaktadir.

TESEKKUR

Bu ¢aligma TUBITAK tarafindan desteklenen 2150627 nolu
1001 projesi kapsaminda alinan alet ve ekipmanlar
kullanilarak  yapilmistir.*Bu  ¢alisma ISEM 2018
sempozyumunda "Soguk Iklim Bolgelerinde Bitki
Topluluklarinin  Sicaklik Etkileri: Erzurum Ata Botanik
Bahgesi" baglikli bildiri olarak sunulan ¢aligmadan
gelistirilerek hazirlanmistir.
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Abstract

This research aims at effect of Post Welding Heat Treatment (PWHT) on mechanical properties of 2.25Cr1Mo (P22) high
temperature and pressure resistant nuclear power plant steel welded with GTAW (gas tungsten arc welding) and SMAW
(shielded metal arc welding). Pre-heating was applied to the materials to be welded at 200°C before welding processes. Welding
processes of materials were performed at room temperature. After welding processes, post weld heat treatment (PWHT) was
applied at 750°C for 2 hours. Before and after the PWHT, welded materials were prepared in accordance with EN standards for
tensile, bending, impact, hardness tests and macrostructure examinations for the investigation of mechanical properties.

Keywords: PWHT, Preheating, 2.25 Cr1Mo Steel, GTAW, SMAW.

SMAW ve GTAW Metotlari ile Kaynaklanms Yiiksek Sicaklik ve Basin¢ Direncli
Niikleer Enerji Santrali Celiginin Mekanik Ozelliklerine Kaynak Sonrasi Isil
Isleminin Etkisi

Polat Topuz
Istanbul Gedik University, Gedik Vocational School, Welding Technology Program,
Suluntepe Mah. Yunus Emre Cad. No:1/1, 34913
Seyhli -Pendik -Istanbul -TURKEY, polat.topuz@gedik.edu.tr

0z

Bu ¢aligma, GTAW (gaz tungsten ark kaynagi) ve SMAW (elektrik ark kaynagi) ile kaynaklanmis 2.25Cr1Mo (P22) yiiksek
sicaklik ve basinca dayanikli niikleer santral ¢eliginin mekanik &zellikleri {izerine Kaynak Sonrasi Isil Isleminin (PWHT) etkisini
arastirmay1 amaglamaktadir. Kaynak islemlerinden dnce kaynak yapilacak malzemelere 200 °C' de 6n 1sitma uygulanmigtir.
Malzemelerin kaynak islemleri oda sicakliginda gergeklestirilmistir. Kaynak islemlerinden sonra kaynak sonrasi 1sil iglem
(PWHT) 2 saat siireyle 750 °C' de uygulanmistir. PWHT'den 6nce ve sonra, EN standartlarina gére hazirlanan kaynakli
malzemelerin, mekanik 6zelliklerin incelenmesi i¢in, gekme, egme, darbe, sertlik testleri ve makro yapi testleri uygulanmistir.

Anahtar Kelimeler: PWHT, On 1sitma, 2.25 Cr1Mo Celigi, GTAW, SMAW.

1. INTRODUCTION
The original microstructure of typical 2.25Cr1Mo consist of

High temperature, pressure, creep and corrosion resistant ferrite and small amounts of pearlite and martensite. This
2.25Cr1Mo steel can be used for a long time at construction microstructure is located at Figure 1. On the other hand, it
of thermal and nuclear generation, chemical and petroleum can have different microstructure due to different heat
plants [1].
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treatments [2]. (For example: preheat or postheat welding
heat treatments).

g

Figure 1. Original Microstructure of 2.25Cr1Mo [2]

Preheating operation is very important prior to welding for
this type steels. This process provides thermal energy to the
regions surrounding the weld resulting in slower conduction
of welding heat away from the weldment. Preheat also
provides practical benefits such as decreasing the amount of
atmospheric water vapour condensation on a work piece
before welding. Moreover, if it is carried out over the
ambient temperature over a long period of time, it also results
in more hydrogen effusion from the weldment with a
corresponding decrease in hydrogen-cracking sensitivity [3].

In this study, two types of welding methods are applied on
2.25Cr1Mo steel plates. One of these method is SMAW.
This method is a common method used in the welding of
2.25Cr1Mo steel. SMAW uses heat produced by an electric
arc to melt a covered electrode and the welding joint at the
base metal. During operation, the rod core both conduct
electric current to produce the arc and provides filler metal
for the joint. The core of the covered electrode consists of
either a solid metal rod of drawn or cast material or a solid
metal rod fabricated by encasing metal powders in a metallic
sheath [4]. Schematic SMAW process shown in Figure 2.
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Figure 2. Schematic SMAW Process [5]
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The other welding method is GTAW. This method involves
striking an arc between a non-consumable tungsten electrode
and the work piece. The weld pool and the electrode are
protected by an inert gas, usually argon, supplied through a
gas cup at the end of the welding torch, in which the
electrode is centrally poisoned. GTAW is used for
applications such as joining pipes and welding of tubes in to
the end plates of heat exchangers [6]. Schematic GTAW
process shown in Figure 3.

FILLER

WORKPIECE

HNONCONSUMABLE
TUNGSTEN

ARG

SHIELDING

MOLTEN POOL BAS

Figure 3. Schematic GTAW Process [7]

The ASME Boiler and Pressure Vessel Code requires a post
weld heat treatment (PWHT) for welded P22 steel. Residual
stresses that occur during welding adversely affect the
performance of welded joints. The remaining stresses can be
reduced by post-weld heat treatment (PWHT) [8]. Post weld
heat treatment (PWHT) is a technique for improving the
properties of weldments by subjecting them to a
homogenizing heat treatment [3]. The most important feature
of post weld heat treatment is to prevent brittle fracture of
welded joint. Post-weld heat treatment softens the hardened
areas and facilitates machining of the welded material.
Where dimensional stability is important, residual stresses
must be eliminated. Heat treatment can be applied by stress
relieving annealing or solution annealing processes
depending on the requirements [9].

2. MATERIAL AND METHOD

In this study, two different welding methods were applied for
joining 2.25CrlMo steel. The chemical analysis results
obtained by optical emission spectrometry are shown in
Table 1.

Table 1. Chemical composition of 2.25Cr1Mo steel

% C % Si % Mn | %P

2.25Cr1iMo | 0,09 0,38 0,34 0,02
(P22) % S % Cu | % Cr | % Mo

0,02 0,01 2,31 0,99

According to the results of the chemical analysis, after
understanding that this material is P22 (normalized: 970°C
for 30 min. then tempered:700°C for 32 min. and cooled in
air), 4 plates were cut from this steel in size 275 mm x 225
mm x 16 mm, for use in welding operations. “V” type
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welding groove was prepared to materials for both welding
methods. Schematic welding mouth shown in Figure 4.
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Figure 4. Schematic welding mouth

All of the welding processes were carried out by EN 9606-1
certified welders and specimens were preheated at 200 °C
with gaseous fuel before welding considering carbon
equivalent (Ceq) value. 16 mm thick plates were used for
welding processes. This plates are shown in Figure 5.

: ; . s
Figure 5. Welded plates with SMAW and GTAW
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The parameters used in performing welding operations are
shown in Table 2.

Table 2. Welding Parameters

2.25Cr1Mo (P22) GTAW SMAW
Voltage (V) 15 15
Current (A) 120 120
Travel speed 80 100
(mm/min.)
Polarity DC Straigth DC Straigth
Heat input
(kj/mm) 1,35 1,08

The heat input, a relative measure of energy, is calculated
according to the unit length of the weld seam [10]. For
calculating the heat input which is one of these parameters,
the following formula is used.

_ 60xExI
1000xS

M

H = heat input (kJ/mm), E = arc voltage (V), | = current (A),
S = travel speed (mm/min)

For GTAW process, “Phoenix SH Chromo 2 KS” covered
electrode and for SMAW process, “Union I CrMo 910 filler
rod was used. Their chemical analysis is shown in Table 3
and Table 4.

Table 3. Chemical Analysis of Covered Electrode for
SMAW Process

Phoenix SH Chromo 2 KS (EN 1SO 3580-A)

% C % Si % Mn | %P % Cr

0,07 0,25 0,70 <0,012 | 2,20

% Mo | % As % Sh % Sn % S

0,90 <0,010 | <0,005 | <0,005 | <0,010

Table 4. Chemical Analysis of Filler Rod for GTAW
Process

Union | CrMo 910 (EN ISO 21952-A)

%C % Si % Mn | %Cr % Mo

0.07 0.25 0.70 2.20 0.90

After welding processes, the welded plates are divided into
two equal parts perpendicular to the weld seam. One of these
pieces was later used for PWHT. The PWHT process was
carried out at 750 °C for 2 hours to welded plates. After this
process, the welded samples were allowed to cool at room
temperature. Mechanical test specimens were then prepared
from welded plates to identify differences before and after
PWHT. All samples were prepared in accordance with EN
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standards for tensile (EN 4136) [11], bending (EN 5173)
[12], impact (EN 9016) [13], hardness (EN 9015-1) [14] and
macrostructure (EN 17639) [15] examinations. All the
experiments in this study were performed at room
temperature.

After the welding operations, the samples were prepared for
macroscopic etude according to EN 17639. Samples cut in
parallel with the bottom surface and the upper surface were
etched with Nital 10 (10% HNO3 + 90% ethyl alcohol) after
the sanding and polishing operations were completed. In this
way, the structure of the weld seam has been uncovered and
made ready for hardness testing and visual inspection.
Macroscopic structures of welded samples are shown in
Figure 6 and 7.

Figure 6. Macro photo of welded sample with SMAW

Figure 7. Macro photo of welded sample with GTAW

Tensile tests were carried out according to EN 4136 standard
and the schematic drawing of tensile test specimen is given
in Figure 8. below.

—
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Figure 8. Schematic Tensile test specimen according to EN
4136 standard [16]

The deformation rate values which should be used for
tensile test are explained by different methods and the
underlying formula is used [17].

Cross head speed/Gauge Length of the Specimen = Strain
Rate 2
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According to the formula; When 1 mm / min speed and 70
mm test specimen were used, the rate of deformation was
calculated as 0,014.

It was found that the tensile strengths of steels both GTAW
and SMAW welded, decreased after PWHT. Also, for all the
samples, the rupture occurred from the base material. Tensile
test results are shown in Table 5 and test specimens after
tensile tests shown in Figure 9.

Figure 9. Test specimens after tensile tests

Table 5. Tensile test results of samples

Welding Before PWHT _

Method Tensile Str. | Elongation | Rupture
(N/mm?) (%) Zone

GTAW 750 15 Base Metal

SMAW 680 16 Base Metal
After PWHT

GTAW 632 17 Base Metal

SMAW 597 20 Base Metal

According to EN 5173 standard, if the welding wall
thickness is more than 12 mm, side bending test should be
applied to the sample. Therefore, side bending test was
applied to the welded samples. For each welding method,
two samples were tested before and after PWHT. In both
welding methods, no samples were damaged in the side
bending tests. Test specimens after bending tests shown in
Figurel0.

Figure 10. Test specimens after bending tests

The hardness tests were measured by the Vickers method
using a load of 30 kg. Three measurements in two rows were
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made from each of the base metal, HAZ and weld metal.
Then, the averages of each are calculated. A schematic
illustration showing how the hardness measurement is
performed according to the EN 9015-1 standard is shown in
Figure 11. also hardness test results are shown in Figure 12.

Weld Metal

I
Base Metal
HAZ HAZ Base Metal
min. 2.5 mm
L]
1S .| Z

I.
L
Figure 11. Schematic hardness measurement of welded
material according to EN 9015-1 standard [16]
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Figure 12. Hardness test results of welded samples with
GTAW and SMAW

A Charpy Impact Test was applied to detect fracture energies
of the samples. As in the hardness tests, 3 tests were
performed for each region and the averages between them
were calculated. A schematic illustration showing how the
samples taken from the welded plates for Charphy Impact
Test according to the EN 9016 standard is shown in Figure
13, also Charphy Impact Test results are shown in Figure 15.
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Weld Metal

W H?/ Base Metal

7
HAZH%J D 7%

Figure 13. Notch locations according to EN 9016 standard

As a result of the Charpy Impact Tests, it was observed that
the samples were fractured brittle. This situation shown in
Figure 14.

Figure 14. Test specimens after impact tests
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Figure 15. Impact energies of welded samples with GTAW
and SMAW
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3. RESULTS

The effects on the mechanical properties of the PWHT
process applied to the welded materials are listed in the
bottom.

Tensile strengths of steels both GTAW and SMAW welded,
decreased after PWHT. It is stated in the literature that,
2.25Cr1Mo steel of 16 mm or thicker should have a tensile
strength value of 480 to 630 N/mm? and a minimum
elongation of 20%.

o Accordingly, it was revealed that the sample bearing both
properties was the SMAW welded sample.

e In both welding methods, bend tests performed before and
after the PWHT, no sample was damaged.

e When the hardness test results were examined; it was
found that the hardness of the sample welded with
GTAW, welded region and the base material region
increased and the HAZ region decreased after the PWHT.
On the other hand, in the case of the sample welded with
SMAW, the hardness of all three regions decreased.

¢ When the Charphy Impact Test results were examined; it
was found that the impact energy of the sample welded
with GTAW, welded region decreased, base material
region and HAZ region increased after the PWHT. On the
other hand, in the case of the sample welded with SMAW,
the impact energy of all three regions increased.

o After PWHT, the mechanical properties of the materials
combined with both welding methods have changed
positively. However, the mechanical properties of the
welded materials before PWHT have also changed
positively. For this reason, the implementation of the
PWHT has not seemed to be necessary.

4. CONCLUSION

After PWHT process, tensile strengths of both steels welded
with GTAW and SMAW, were decreased. In terms of tensile
strength and minimum elongation, it was seen that the most
compatible results with the literature were obtained from
welded samples with SMAW. Looking at the results of the
bend tests, no sample was damaged performed before and
after the PWHT. According to the hardness values of welded
samples measured before and after PWHT; After the PWHT,
the hardness values of SMAW welded sample, HAZ, welded
region and base region were observed to decrease. On the
other hand, after PWHT, the hardness increase in the welded
region and the base region of the GTAW welded sample and
the hardness decrease in HAZ were detected. According to
the Charpy impact tests performed before and after PWHT,
in all samples, inversely proportional results were obtained
with hardness values. This is also an expected result.
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It is certain that the PWHT process improves the mechanical
properties of both GTAW and SMAW welded 2.25Cr1Mo
(P22) steel, but these positive values have only pulled up the
positive values obtained after welding operations. So, it is
not necessary to apply the PWHT process, as it can lead to
waste of money and time.
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Elektrolitik kaplamalara alternatif olusturan ve disaridan herhangi bir elektrik ihtiyacina gerek duymadan ger¢eklesen
otokatalitik akimsiz kaplamalar bir¢ok endiistriyel alanda kullanilmaktadir. Homojen bir kaplama kalinligi elde edilmesi,
yiiksek sertlik, iyi korozyon ve aginma direncine sahip olmasi, akimsiz kaplamalar1 olduk¢a yaygin hale getirmektedir.
Ayrica karmasik sekilli pargalara da uygulanabilmesi avantajlar1 arasinda yer almaktadir. Bu ¢aligmada akimsiz Ni-P
kaplamalarin sertlik, metalik nikel ve fosfor igerikleri, 1s1l islem sonrast olusan bilesik tiirleri ve mikroyapisal &zellikleri
incelenerek sodyum hipofosfit, sicaklik ve zaman parametrelerinin etkileri ortaya konmustur.

Anahtar Kelimeler: Akimsiz nikel kaplama, sodyum hipofosfit, sicaklik, zaman

The Effect of Sodium Hypophosphite, Temperature and Time in co-deposit Ni-P
Coatings on 6061 Series Aluminum Substrate: An Environment-Friendly Alternative
to Electrolytic Hard Metal Coatings
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Abstract

The autocatalytic electroless depositions, which form an alternative to the electrolytic deposition and do not require any external
electrical power, are used in many industrial areas.Electroless nickel based plating has increased attention because of their
excellent corrosion, wear, thermal and electrical properties. They also offer good magnetic properties. Because of their high
mechanical properties electroless nickel coating are used in many areas. Many commercial coatings have been experimented and
it is easiest use nickel phosphorus, which is one of the most common. In study electroless nickel phosphorus coating the effect
of sodium hypophosphite, bath temperature and bath time amount on morphology and properties of the coating was examined.

Keywords: Electroless nickel coating, sodium hydrophosphite, temperature, time
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[1]. Akimsiz nikel kaplamalar nikel-fosfor, nikel-bor ve saf
nikel kaplamalar seklinde ii¢ ana gruba ayrilabilir [2].
Akimsiz nikel kaplamalar indirgeyici ajana gore
gruplandirildiginda  nikel  fosfor  kaplamalar  igin
hipofosfitler, nikel bor kaplamalar i¢in amino boranlar ve
borhidriirler, saf nikel kaplamalar icin ise hidrazin
rediikleyici olarak kullanilir. En yaygin kullanilan
indirgeyici  sodyum  hipofosfittir ~ [2].  Hidrazin
kullanilmasiyla neredeyse saf nikelin otokatalitik olarak
birikimi saglanabilmektedir [3].

Ni-P kaplama yapisinda degisiklik gosteren fosfor miktarina
gore kaplama 6zellikleri de farklilik gosterir. Kendi i¢lerinde
diisiik (%1-3), orta (%4-10) ve yiiksek (%11-13) fosforlu
kaplamalar olarak siniflandirilabilir ve kaplama 6zellikleri
yapidaki fosfor miktar1 ile dogrudan baglantilidir [4].
Akimsiz Ni-P kaplama teknigi yiiksek asinma direnci, iyi
yaglanabilirlik ve yiiksek sertlik gibi 6zelliklere sahip oldugu
i¢in bir¢ok alanda kullanilir [5-9]. Diisiik fosfor i¢erikli (1-3
% P) kaplama kristalin olup iyi bir aginma direnci fakat
kloriirlii ortamda disiik korozyon direnci saglar. Orta
derecede fosfor igeren kaplama (4-10 % P) daha kiigiik
kristal boyutlara sahiptir ve yari amorf egilimi gosterir.
Halbuki yiiksek fosfor iceren (% 11’den daha fazla)
kaplamalar metalik cam gibi davranirlar. Akimsiz nikel
kaplamalarin yogunlugu fosfor igeriginden ters oranda
etkilenmektedir. Diisiik fosforlu kaplamalarda yogunluk 8,5
gr/cm?® iken %10-11 fosfor iceriklilerde 7,75gr/cm?® civarma
diiser. Termal ve elektrik ozellikleri de kaplamanin
bilesiminden etkilenir. Kaplamalarin iletkenligi bakir gibi
geleneksel iletkenlere gore diisliktiir. Buna ragmen 1sil
islemlerle kaplamalarin iletkenligi 3-4 kat artirilabilir. Ni-P
kaplamalar diisiik siirtinme katsayisina sahip olup yapigma
gostermezler. Kaplamalarin = sertlik degerleri oldukga
yiiksektir ve 1s1l islem ile bu degerlerde artislar meydana
gelir [10].

2. MALZEME VE YONTEM

Deneysel calismalarda Akimsiz nikel kaplanacak malzeme
olarak 50 mmx30 mmx2 mm boyutlarinda 6061 serisi
aliminyum altliklar kullanilmistir. Akimsiz nikel kaplama
yapilmadan Once altliklar sirasiyla 120, 240, 400, 600, 800,
1000 ve 1200’likk SiC zimparalarla zimparalandiktan sonra
yiizeyleri parlatilmigtir. Daha sonra asidik bir banyo
igerisinde ylizeyinde bulunabilecek yag, kir ve oksit tabakast
giderilmistir. Malzeme yiizey kirliliklerinin giderilmesi i¢in
asagida islem asamalarinda belirtilen 6n temizleme islemi
uygulanmis  numuneler, ticari  zinkat  banyosuna
daldirilmustir. NiSQOs igeren ticari zinkat ¢ozeltisine daldirma
yontemi ile iki adimda gerceklestirilmistir.  Yiizey
temizlemeden kaplamaya kadar tiim gergeklestirilen islem
adimlar1 asagidaki gibidir:

e Asidik temizleme(10ml/l silfurik asit, 12,5 ml/l
hidroflorik asit, 25ml/I nitrik asit)

e Durulama (saf su ile)

e  Zinkatlama Islemi (Ticari zinkat kullanilmistir.)

e  Akimsiz nikel kaplama (Ni-P)
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e Tip firinda 1s1l iglem (400°C sicaklikta 2 saat
stireyle Ar-%5 H; gazi atmosferinde)
e (Qda sicakligina sogutma.

Taramal1 elektron mikroskobu (SEM) yardimiyla kaplama
tabakasinin ylizey goriintiileri alinarak 1s1l islem Oncesi ve
sonrast kaplama tabakasinda meydana gelen degisimler
tespit edilmistir. EDS ile kaplamalarda elementel fosfor da
analiz edilerek morfolojideki dagilimi da tespit edilmistir.
Kaplama tabakasinin bilesimini ve 1s1l islem sonucu kaplama
tabakasinda meydana gelen faz degisimleri Rigaku D/MAX
2000 marka XRD cihazi ile belirlenmistir. X-1ginlar1 analizi
bakir tiip (A=1,5418 A) kullanilarak gerceklestirilmistir. X-
1sinlar1 taramast 10° ile 90° arasinda 2°/dk’lik hizla
gerceklestirilmigtir. Isil iglem gdrmemis numunelerle 1sil
islem gormiig biitin numunelerin XRD paternleri alinarak
yapidaki degisimler incelenmis, 1s1l islem sonrasi yapidaki
NisP vb. bilesiklerinin olusup olusmadig: tespit edilmistir.
Akimsiz kaplama sonrasi farkli numuneler i¢in mikrosertlik
degerleri Leica VMHT marka cihazla lglilmiistiir. 25 gr’lik
yiikler uygulanarak bir numuneye en az 5 dl¢iim yapilmis ve
ortalamalar1 Vickers sertlik degeri olarak alinmistir. Isil
islem gdrmiis numuneler ile gérmemis numunelerin sertlik
degerlerindeki farkliliklar tespit edilmistir.

3. DENEYSEL SONUCLAR VE TARTISMA

3.1. Akimsiz Ni-P Kaplamalarin Sodyum Hipofosfit
Oran Etkisi

Akimsiz Ni-P kaplamalara NaPO.H; (sodyum hipofosfit)
oraniin etkisi incelenmis olup Tablo 1.’de banyo bilesimi
verilmektedir. NaPO;H; oranmmin artisiyla  birlikte
kaplamalarda meydana gelen morfoloji degisimleri ve
kaplama kalinliklarini incelemek i¢in SEM, faz yapisindaki
degisimler i¢cin XRD ve sertlik dzellikleri i¢in mikrosertlik
degerlerine bakilmis olup bu deneyler sonucunda en iyi
NaPO;H; orani se¢ilmistir.

Tablo 1. Kaplama banyosunun sodyum hipofosfit ve diger
kimyasallarin igerigi ve parametrelerin degigimi.

Banyo Al A2 A3 Ad A5
Bilesenleri

NiSO4.6H20 28 28 28 28 28
(/L)

NaPO2H:2 10 20 30 40 50
(g/L)

C2H3NaO; 35 35 35 35 35
(g/L)

C3HeO3 20 20 20 20 20
(ml/L)

pH 4-5 4-5 4-5 4-5 4-5
Siire (dk) 30 30 30 30 30
Sicaklik (°C) 90 90 90 90 90

Tablo 1°de akimsiz Ni-P banyosunun bilesenleri verilmistir.
Tiim bilesenler sabit birakilip indirgeyici ve P kaynagi olarak
kaplamalar tizerindeki etkisini incelemek igin NaPOzH>
farkli konsantrasyonlarda (10, 20, 30 40 ve 50 g/L) dahil
edilmistir.



A.AKYOL

Sekil 1. Kapl
etkisi a) Al (10 g/L NaPO:Hz) b) A2 (20 g/L NaPO2H>) c)
A3 (30 g/L NaPO2H,) d) A4 (40 g/L NaPO,H,) ve €) A5 (50
g/L NaP02H2)

Sekil 1.’de akimsiz Ni-P kaplamalarin NaPOz;H; (sodyum
hipofosfit) oranina bagli olarak SEM  goriintiileri
verilmektedir. Sekil 1°den de goriildigi gibi sodyum
hipofosfit oran arttikga tane sinirlari iyice azalmigtir ve daha
diiz bir yiizey elde edilmistir. 10 g/ NaPO2H> oranina sahip
kaplamada (Al) ince taneler ve tane sinirlart agikca
goriilmektedir. 30 g/l NaPO;H; (A3) oraninda ise taneler
giderek kabalagmaya ve tane sinirlar1 azalmaya baglamustir.
50 g/L NaPO;H; oranmna sahip kaplamada (AS5) ise tane
sinirlari iyice azalmistir.
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Sekil 2. Sodyum hipofosfit miktarmma bagli olarak

kaplamalarin Ni ve P %si, Al (10 g/L NaPOyH,), A2 (20 g/L
NaPO;H,), A3 (30 g/L NaPO2H>), A4 (40 g/L NaPO;H,) ve
A5 (50 g/L NaPO2Hy).

Numunelerin EDS analiziyle elde edilmis grafige gore
kaplama banyosundaki sodyum hipofosfit orani arttikca
kaplama i¢indeki elementel P orani artmaktadir. Elde edilen
sonuglart literatiir ile karsilastirdigimiz zaman, agirlik¢a %1-
5 fosfor igeren (diigiik fosforlu) akimsiz nikel kaplamalarinin
mikro yapilari kristal haldedir. Agirlikga % 6-9'u fosfor
iceren (orta fosfor) kaplamalar karigik kristalimsi ve amorf
yapidadir. Buna karsin agirlikga % 10-13 fosfor (yiliksek
fosfor) igeren kaplamalar amorf yapida olusurlar [2]. En
yiiksek P % sine, 50 g/L sodyum hipofosfit kullanildiginda
ulagilmistir (%13,075 elementel P). Ancak yiiksek P
iceriklerine hem A4 hem de A5 banyosu ile ulasilabildigi
gdzlenmistir.
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Sekil 3. Farkli oranda rediikleyiciyle olusan kaplamalarin
kesitleri a)Al (10 g/L NaPO2H>), b)A2 (20 g/L NaPO:H>),
€)A3 (30 g/L NaPO3H,), d)A4 (40 g/L NaPO3H,) ve e)A5 (50
g/L NaP02H2)

Sekil 3’de (A1) numunesinde yaklagik olarak 5 pum’lik bir
kaplama kalinligit elde edilmistir. Fakat kaplama
banyosundaki sodyum hipofosfit oranin artmasiyla kaplama
kalinligi 6nemli bir Olgiide artis gostermektedir ve en
homojen kaplama (A4) ve (A5) numunesinde elde
edilmektedir.

n ®: Ni
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Sekil 4. Akimsiz Ni-P kaplamalarda kaplama banyosunda
farklt miktarlarda sodyum hipofosfit oraninin incelendigi
numunelere ait XRD verileri a) 1s1l islem 6ncesi ve b) 1s1l

islem sonrasi

] s &0 20 38 “

Sekil 4’de akimsiz Ni-P kaplanmig numunelere ait XRD
verileri verilmistir. Kaplamada fosfor oraninin artmasindan
dolayi latiste olusan diizensizlik kristalin fazdan daha amorf
faza dogru degisime (Sekil 4a) sebep olmaktadir.
M.Czaganya ve arkadaglari sodyum hipofosfit igeriginin
artmasiyla  kaplamanin  amorf yapida olusacagimi
savunmuslardir [11,12]. Fosfor oramiyla birlikte piklerin
daha yayvanlastigi goriilmektedir. XRD piklerinde sodyum
hipofosfit orani azaldik¢a piklerin siddeti artmakta ve
FWHM daralmaktadir. Bu durum genel olarak tane
boyutunun  azaldigt  ve  kristalinitenin  arttigina
yorumlanmaktadir. Sekil 4 (a)’ya baktigimiz zaman nikele
ait piklerin (111) yo6niinde ve (200) yoniinde oldugu
goriilmektedir.  Isil  islem  uygulanmamis  yapilar
incelendiginde, amorf yapinin varlig1 ve bu yapidaki yiiksek
siddetli olarak yer alan (111) yoniindeki Ni piki,
kaplamadaki baskin yonelmenin [111] dogrultusunda
oldugunu gostermektedir. Bu da siki paket (111)
diizlemlerinin numune yiizeyine paralel sekilde yer aldigi
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anlami  tagimaktadir. Kaplama banyosunda sodyum
hipofosfit miktarmin artmasiyla; kaplama biinyesindeki
fosfor igerigi artmasi biiyiimenin (111) yoniinde olusmasini
tetikledigi ve (111) yoniindeki bitytimenin diger yonlere gore

daha digik bir gerilme oldugunu sdylemistir. A3
numunesinden sonra (200) yoniinde bir izlenim
gerceklesmistir. En diigiik fosfor oranina sahip olan

numunede (Al) 44%de Ni (111) diizlemine ait pik
goziikmektedir. 30 g/L NaPO;H; (sodyum hipofosfit) igeren
numunede (A3), kaplamanin kristalin veya mikro kristalin ve
amorf fazlarin karisimimi seklinde pikler igermektedir. 50
g/L NaPO3H; oranina sahip numunede (A5) ise kaplamadaki
en yiiksek fosfor orani bulunmakta (bkn Sekil 2) olmasina
ragmen Sekil 4a daki X-ray egrisinde herhangi bir pik
goziikmemektedir. Bu da yapiin tamamen amorf oldugunu
gostermektedir [12]. Isil islem sonrasinda kaplamalarda
bulunan amorfluk ortadan kalkmakta ve tamamyla kristalin
fazlar elde edilmektedir. Isil islem sonrasinda ana matris
nikel (44°, 54°) haricinde Ni;P(51°), NizP (36°, 38°, 42°, 43°,
46°, 49°, 52°) gibi ikincil fazlar olugsmaktadir [13].

Sertlik testleri daha Onceden kesitten bakalit yardimiyla
hazirlanan numunelerde akimsiz Ni-P kaplamalarda fosfor
oraninin ve 1s1l islemin etkisini incelemek adia, 400 °C’de
argon-hidrojen koruyucu atmosferinde 2 saat boyunca 1sil
isleme tabi tutulmus farkli fosfor oranina sahip kaplamalarin
sertlik degerleri Vickers cinsinden Sekil 5’°de verilmistir.
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Sekil 5. Sodyum hipofosfit miktarina bagli olarak elde edilen
akimsiz Ni-P kapli numunelere ait 1sil iglem oncesi ve
sonras! sertlik degerleri

Sekil 5’de goziiktigi gibi 1s1l igleme tabi tutulmus
kaplamalarin sertlikleri 1s1l iglem gérmemis numunelere gore
oldukea yiiksektir. Czaganya ve arkadaslari ¢aligmalarinda
artan sodium hipofosfit oraniyla birlikte 1s1l islem sonrasi
kaplamalarin sertliginin arttigin1 bulmustur. Isil islemden
sonra, sertligin, sert NizP fazinin artmasiyla birlikte
olustugunu sdylemektedirler [13]. Sertlikteki bu artis, 1sil
islem ile birlikte diisiik sodyum hipofosfit oranina sahip
kaplamalarda olusan kristalin Ni3P, Ni;P vb. bilesiklerin
orani az oldugundan sertlikler daha diisiik ¢ikmistir. Yiiksek
elementel fosfor oranina sahip kaplamalarda yapilan 1sil
islem ile yapida olusan seramik o6zellikli NioP, NisP gibi
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intermetalik fazlarimin daha fazla olusmasindan dolay: bu
kaplamalarda sertlik degerleri daha yiliksek olarak elde
edilmigtir. Kaplamadaki P un belli bir orandan daha fazla
artmast ile sertlikte bir artisin devam etmedigi de
goziikmektedir.

3.2. Akimsiz Ni-P Kaplamalarda Kaplama Banyosu
Sicakhigimin Etkisi

Akimsiz Ni-P kaplamalarda kaplama banyosu sicakligimin
kaplamalar iizerine etkisi incelenmis olup banyo bilesimi
Tablo 2’de verilmektedir. Kaplama banyosu sicakliginin
artistyla birlikte kaplamalarda meydana gelen morfolojik
degisimler, kaplama kalinliginda ve elementel Ni ve P
oranindaki degisimler SEM yardimiyla, 1s1l islem o6ncesi
kristalinite/amorfluk durumu ve 1s1l iglem sonrasi degisimler
ise XRD yardimiyla incelenmistir. Kaplamalarin sertlik
ozelliklerine de bakilarak optimum kaplama banyosu
sicakligi tespit edilmeye calistlmustir.

Tablo 2. Akimsiz Ni-P kaplamalarda kaplama banyosu
sicakliginin etkisinin incelendigi kaplama banyolara ait
banyo bilesimleri ve ¢alisma kosullari

Banyo Bilesenleri Bl B2 B3
NiSO4.6H20 28 28 28
(g/L)

NaPOzH2 (g/L) 30 30 30
CoHsNaO; (g/L) 35 35 35
C3HgO3 (ml/L) 20 20 20
pH 4-5 4-5 4-5
Siire (dk) 30 30 30
Sicaklik (°C) 70 80 90

Sekil 6’da akimsiz Ni-P kaplamalarin kaplama banyosu
sicakligina bagli olarak SEM goriintiileri verilmektedir.
Sekilde de goriildiigii gibi sicaklik arttik¢a tane sinirlari iyice
azalmustir. (B1) numunesinde kaba nikel taneler goziikiirken
(B3) numunesine dogru amorflasma goriilmektedir.

Sekil 6. Farkli sicakliklardaki akimsiz Ni-P kaplama

banyolarindan elde edilen numunelere ait yiizey
morfolojilerinin SEM goériintiileri a) B1 (70°C), b) B2 (80°C)
ve ¢) B3 (90°C)

Kaplama banyosunun sicakligmmin etkisi Sekil 7 de
goriilmekte olup, sicaklik arttik¢a kaplama kaplama kalinlig
da artmaktadir. Bununla birlikte aymi fosfor icerikli (¢esitli
kaplama sicakliklarinda), nikel kaplamalarin
kristallestirilmesi, sivi alagimlarinin katilagmasina benzer bir
mekanizma ile meydana gelir. Bu da fosfor igeriginin
artmasina neden olmaktadir [14]. Benzer durum Sekil 8’de
de agikca goriildiigii iizere mevcut olup, artan sicaklikla P %
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si artmaktadir [5]. 90°C’lik kaplama banyosunda bir saatlik
kaplama sonucunda elde edilen numunede (B3 numunesi)
yaklagik olarak 17 pm’lik bir kalinlik elde edilmistir.

Sekil 7. Akimsiz Ni-P kaplamalarda farkli sicakliklardaki
kaplama banyolarindan elde edilen numunelere ait Kkesit
goriintiileri a) B1 (70°C), b) B2 (80°C) ve c) B3 (90°C)

Farkli sicakliklarda elde edilen akimsiz Ni-P kaplama
tabakasindaki % Ni ve % P igeriklerinin sicaklikla
degisimine ait EDS analiz degerleri Sekil 8 de verilmistir.
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Sekil 8. Farkli sicakliklarda elde edilen akimsiz Ni-P

kaplamalara ait EDS analizi.

Sekil 8 den goriildiigii gibi kaplama banyosunun sicakliginin
artmasiyla kaplama i¢inde biriken agirlik¢a elementel % P
orant artmaktadir. Nikel % si ise kaplama sicakligi ile
azalmaktadir. Daha yiiksek P igerigi isteniyorsa daha yiiksek
sicakliklarda  kaplama  yapilmasi  gerektigi  ortaya
¢ikmaktadir.

Sekil 9°da farkl sicakliklardaki kaplama banyolarindan elde
edilen numunelerin 1s1l iglem Oncesi ve sonrasi XRD
sonuglar1 verilmistir.
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.
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Sekil 9. Akimsiz Ni-P kaplamalarda farkli sicakliklardaki
kaplama banyolarindan elde edilen numunelere ait XRD
verileri a) 1s1l islem 6ncesi ve b) 1s1l iglem sonrasi

Sekil 9a’ya bakildiginda kaplama banyosu sicakligi 70 °C’de
elde edilen B1 numunesinin yapisi kristalin bir yapida iken,
sicakhigin 90 °C’ye ¢ikarilmasiyla elde edilen B3
numunesinin 1s1l islem 6ncesi X-1sin1 kirmnim Srgiisiinde 44°
ortaya ¢ikan pik, yapinin amorfa dogru gittigini
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gostermektedir. Bu da kaplama banyosunun sicakliginin
artmastyla kaplamaya giren agirlik¢a elementel %P oraninin
arttigin1 ve yapinin bundan dolay1 daha amorf bir hal aldig1
soyleyenebilir [15]. Sekil 9b ise farkli kaplama banyosu
sicakliklarinda elde edilen numunelerin 1s1l islem sonrasi
XRD egrileri verilmistir. Goriildigi iizere, 1sil islem
uygulanmasiyla Ni matrisin i¢inde nikelin yani sira NisP ve
NisP ¢okelti fazlarinin olustugu goriilmektedir. Ozellikle
banyo sicakliginin artmasiyla 43%deki NisP’ye ait pikin
siddetinin arttig1 goézlemlenmektedir. Banyo sicakliginin
artmastyla kaplama igindeki agirlikca elementel % P
miktarinin artmasi daha fazla NisP fazinin ¢6kmesine neden
olmaktadir.
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Sekil 10. Akimsiz Ni-P kaplamalarda farkli sicakliklardaki
kaplama banyolarindan elde edilen numunelere ait 1s1l iglem
Oncesi ve sonrasi sertlik degerleri

B1 B2

B3 B1

Sekil 10°da akimsiz Ni-P kaplamalarin 1s1l islem 6ncesi ve
sonrasi sertlikleri goriilmektedir. Sicaklik artigina baglh
olarak kaplamanin kesitinin daha kalin hale gelmesi yaninda
tabakada Ni2P, NisP gibi sert fazlarin olusumundan dolay
sertlik artmaktadir.

3.3.Akimsiz Ni-P Kaplamalarda Kaplama Siiresinin
Etkisi

Sekil 11. Farkli kaplama siirelerinde elde edilen akimsiz Ni-
P kaplamalarin SEM goriintiisii a) C1 (30 dk), b) C2 (60 dk)
vec) C3 (90 dk)

Akimsiz Ni-P kaplamalarda kaplama siiresinin, kaplamalar
iizerindeki etkisi incelenmis olup Tablo 3’de banyo bilesimi
ve ¢alisma kosullar1 verilmektedir.
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Tablo 3. Ni-P kaplamalarda kaplama siiresinin etkisinin
incelendigi banyolarin bilesenleri ve ¢alisma kosullart

Banyo Bilegenleri C1 Cc2 C3
NiSO4.6H20 28 28 28
(g/L)

NaPO,H: (g/L) 30 30 30
CoHsNaO; (g/L) 35 35 35
C3HeO3 (ml/L) 20 20 20
pH 4-5 4-5 4-5
Siire (dk) 30 60 90
Sicaklik (°C) 90 90

Sekil 12. Farkli kaplama siirelerinde elde edilen akimsiz Ni-
P kaplamalara ait kesit goriintiisii a) C1, b) C2 ve ¢) C3 (90
dk)

Sekil 12’de farkli kaplama siirelerinde elde edilen
kaplamalarin kesit goriintiileri goriilmektedir. En uzun
kaplama siiresine (90 dk) sahip olan (C3) kaplamasinda 25
pm kaplama kalinlig1 elde edilirken, (C1) numunesinde ise
kaplama kalinligr 10 um’dir [16]. Ayrica sicaklik 90 C de en
iyi verim alindigindan, bu sicaklikta rediiksiyon hizi da
arttigindan dolay1 kaplama hizi ve kalinlig1 artmaktadir. Bu
durumda hem nikelin hem de P un rediiklenmesi s6z konusu
olmasina ragmen, Sekil 13’¢ bakildiginda kaplama
igerisindeki P oranmnin daha fazla olmasi, P rediiksiyon
hizinin daha fazla oldugunu da ortaya koymustur.

T T T
924 F15

afi. % Ni
d % e
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Sekil 13. Farkli kaplama siirelerinin kaplamalardaki %Ni ve
%P degisimine etkisi (EDS analizi) (C1: 30 dk, C2: 60 dk,
C3: 90 dk)

Sekil 14°de farkli kaplama siirelerine sahip akimsiz Ni-P
kaplamalarin 1s1l islem Oncesi ve sonrast X-ray pikleri
goriilmektedir. Isil iglem Oncesinde her ii¢ numune igin de
piklerin artan zamana bagli olarak daha da yayvanlasmakta
ve amorf yapilar géziikmektedir. Isil islem sonrasinda zaman
arttikga kaplama icerisinde agirlikga P oraninin artmasiyla
birlikte 44° pikin daha dik ve yiiksek siddete sahip oldugu
anlasilmaktadir. P un etkisiyle olusan amorf yapilarin 1sil
islemle kristalize oldugu, nikelin yaninda ayrica NiP ve
NisP kristalin fazlarimin olustugu, en yiiksek siddete
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dolayisiyla fazla kristaliniteye 90 dk lik siirede ulasildigi
anlasilmaktadir.

1) b) [
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Sekil 14. Akimsiz Ni-P kaplama siiresinin kristaliniteye
etkisi (XRD egrileri) a) 1s1l islem dncesi b) 1s1l islem sonrast
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Sekil 15. Farkli kaplama siirelerinin sertlige etkisi a) 1sil

islem 6ncesi, b) 1s1l islem sonrasi
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Sekil 15°de akimsiz Ni-P kaplamalarin 1s1l islem 6ncesi ve
sonrasi sertlik degerleri verilmektedir. Sekle gore en yiiksek
sertlige sahip olan Ni-P kaplamasi 90 dk kaplama (C3)
yapilan numunede elde edilmistir. Burada sertlik degeri
yaklagik olarak 1sil islem Oncesi 512 HV iken, 1s1l islem
sonrasi 950 HV’e kadar ¢ikmaktadir. Sertlik degerinin artisi
Ni2P, NisP seramik O6zellikli fazlarin olusumu nedeniyle
olmaktadir [16].

SONUCLAR

Akimsiz Ni-P kaplamalar basari ile {iretilmis ve bu kaplama
caligmalarina indirgeyici konsantrasyonunun (sodyum
hipofosfit) artmasiyla kaplama tabakasindaki %P oram
artmug, 1sil islem uygulanmamis numunede amorf yapi
baskinken 1s1l iglem sonrasi NizP ve NiyP kristalin fazlarinin
artisina bagli olarak sertlikte de artis gdzlenmistir.

Kaplama banyosu sicakliginin artigina bagli olarak %P orani,
kaplama kalinligi ve amorflagma da artmustir. Isil islem
sonrast kristalinite artmig ve sertlikte ciddi artislar meydana
gelmistir.

Kaplama siiresinin artisiyla tabakadaki %P  orani,
amorflagma ve kaplama kalinlig1 artmistir. Kaplamalara 1s1l
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islem uygulandiginda seramik esasl NioP ve NisP bilesikleri
tesekkiil etmistir. Kaplamda en yiiksek sertlige 90 dakikalik
stirede ulagilmis olup, 950 Vikers sertliklere ulagilmustir.

Cevre ve saglik agisindan zararli Cr*® banyosundan hareketle
elde edilen Cr kaplamalarin sertliginin 850-1000 Vikers
civarinda oldugu diisiiniildiigiinde, ¢cevresel agidan daha olan
pozitif akimsiz banyolar araciligiyla 950 Vikers serlige
ulasilmasi son derece dnemlidir. Ustelik gevresel ve saglhk
problemlerinden kaynakli maliyetler de s6z konusu
olmayacak demektir.
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Oz

Tedarik zinciri ,iiriin veya hizmetin tedarik¢iden baglayip son miisteriye ulasana kadar ki siirecte birgok varlik ve etmen
arasindaki etkilesimlerin biitiiniinden olusan dinamik bir sistemdir. Zamanla artan misteri sayilar1 ve baglantilariyla degisen
iliskiler bu dinamik sistemi daha karmagik hale getirmektedir. Giderek biiyiiyen bu sistem karmasikligi ongiiriilemez sorunlara
yol agmaktadir. Bu karmagikligm nedeni olarak gézlenebilen ya da gézlenemeyen birgok faktor gosterilebilir. Rekabet ortaminin
arttig1 global diinyada firmalar bu karmagikli1 ¢cdzmenin en iyi yolu olarak tedarik zincirinin her halkasinin kusursuz iglemesi
olarak gormektedir. Halkanin igerisinde etkisi yok denecek kadar kii¢lik oldugu diisiiniiliip g6z ardi edilen bir kisim faktorlerin
etkilerinin bityiik oldugu, yapilan analizlerle ortaya konmustur. Zincirin herhangi bir yerindeki kiigiik bir aksaklik ise tedarik
zincirinde énlenemez bir kaosa yol acabilmektedir. Ongériilemezlik nedeniyle baslangig kosullarinda yapilan ufak bir degisiklik
veya bir hata tedarik zinciri sistemi yonetiminin sonuglarinda beklenmedik biiyiik dalgalanmalara ve giigliiklere sebep olacaktir.
Literatiirde yapilan bazi ¢alismalara goére tedarik zinciri sistemi, kaos kuraminin temeli olan kelebek etkisine en iyi érneklerden
biridir. Tedarik zinciri yonetimi konusunda sistemdeki kaotik durumlarin ortaya konmasi, bundan ka¢inmak igin yapilabilecek
caligmalar ve kaos kontrolii gibi tedarik zinciri sistemi igerisinde kaos kuraminin varlig: ile ilgili ULAKBIM tarafindan taranan
makaleler, bildiriler ve PROQUEST veri tabaninda yaymlanan doktora seviyesindeki tezleri aragtirmak ve bu iligkiyi inceleyen
aragtirmacilara kolaylik saglamak amaciyla bu calisma "tedarik zincirinde kaos kurammin bir literatiir taramasi” olarak
derlenmistir. Yapilan calismalarda kaos kuraminin karar verme rolii, tedarik zincirinin kaotik niteliklerinin irdelenmesi,
matematiksel model olusturma ile kaotik yapisinimn incelenmesi, kaos kontrol ve senkronizasyon konulari {izerinde duruldugu
gorillmiistiir.
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Abstract

The supply chain is a dynamic system of interactions between many assets and factors in the process from the supplier to the end
customer until the product or service reaches the end customer. The increasing number of customers and their changing
relationships with time make this dynamic system more complex. The complexity of this growing system leads to unpredictable
problems. Many factors that can be observed or not observed as the cause of this complexity can be shown. In the global world
where the competitive environment is increasing, companies see this as the best way to solve this complexity as the perfect
functioning of every link in the supply chain. The effects of a number of factors that are ignored and thought to be small enough
to have no effect in the supply chain have been demonstrated by analysis. A small hitch in any part of the chain can lead to an
inevitable chaos in the supply chain. A slight change or an error in initial conditions due to unpredictability will cause unexpected
large fluctuations and difficulties in the results of supply chain management. According to some studies in the literature, the
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supply chain system is one of the best examples of the butterfly effect, which is the basis of chaos theory. This study aims to
investigate the articles, papers and theses related to the existence of chaos in the supply chain system such as chaotic control in
the supply chain management system, the studies that can be done to avoid the chaotic situation in the system, and to provide
the convenience of investigators who study this relationship. In the studies, it was seen that the role of decision making in chaos
theory, examining the chaotic characteristics of the supply chain, analyzing the chaotic structure with mathematical modeling,
chaos control and synchronization.

Keywords: Chaos, Supply Chain, Literature Review

1. GIRIiS (INTRODUCTION) "Kelebek kanat etkisi yerine bir forklift siirticii etkisi
bulabilirsiniz: tedarik zincirinin ayrintilart belli bir forklift
Hammaddeden iiriin teslimine ve oradan da miisteriye kadar; stiriiciisiiniin yemek molasim bitirme zamanmndaki
tedarikgiler,  dreticiler,  dagiticilar,  perakendeciler, agirligina bagl olacakur.”
toptancilar, miisteriler gibi tlim siire¢ elemanlari ile {irlin ve Bu alanda bir¢ok arastirmaci yukarida bahsi gegen tedarik
siire¢ elemanlar1 arasindaki bilgi akisi da dahil olmak iizere, zincirinde belirsizlik konusuna kaotik teori ile yanit bulmak
bu karmasik siire¢ tedarik zinciri olarak tanimlanmaktadir. lizerine galismis ve belirsizlik kaynaklarmnin sistemin kaotik
Firmalar 6zellikle miisteri taleplerini zamaninda karsilayarak davranis sergilemesine neden oldugunu ortaya koymuslardir
miisteri memnuniyetini saglamak ve bdylelikle teslimat [9]. Makalelerde ele alman ve dinamik davranislarinda
performanslarini arttirmak, stoklarini diistirmek, kaotik yapinin goriildiigi ya da zincir igerisinde kaosu
maliyetlerini azaltmak gibi ¢esitli amaglar dogrultusunda etkileyen tedarik zinciri parametreleri Tablo 1 de
tedarik zinciri yonetimi {izerinde durmaktadirlar. Ozetlenmistir.
Ne var ki zincir igerisinde veya disinda olup zinciri Tablol. Literatiirde dinamik davranislarinda kaotik yapinin
etkileyen; tedarikgi, son kullanici talebi, gevre, organizasyon goriildiigli ya da zincir igerisinde kaosu etkileyen tedarik
yapist ve insan davraniglart gibi bir¢ok belirsizlik kaynagi zinciri parametreleri.
[1] mevcuttur. Tedarik zincirinin dogasit geregi icinde
bulundurdugu insan faktorii ve belirsizlige sebep olan Parametre Konu gecen makale/tez/
parametrelerin varligi, sistemin davraniglarii ancak belli bildiri
varsayimlar altinda ve i¢inde hatanin minimuma Stok [9], [20], [11], [12], [13],
indirgenmesi iizerine yapilan calismalarm iriinleri olan [14], [15], [16]
modeller yardimiyla incelemeyi miimkiin kilmaktadir. Bir Uretim stratejisi [10]
kisim ¢alismalar ise farkli bir bakis agisiyla “kaos kurami” Talep miktart ve talep | [9], [11], [14], [16], [17],
benimsenerek sistem davraniginin daha iyi anlasilabilecegi tahmini [18], [19]
lizerinedir. Uriin tasarimi [11]
. L Fiyat [9], [14], [20]

2. TEDARIK ZINCIRINDE KAOS (CHAOS IN Kuyrukta bekleyen | [21]
SUPPLY CHAIN) iriin/malzemeler

L _ o Sevkiyat orani [12]
Kaos, bir sistemden dogan, periyodik olmayan, davranigin Hizmet diizevi [12]
bilesenleri arasindaki etkilesimi kestirilemeyen ve baslangi : AL

i | etialesim Y s’angle Maliyet [12], [19]

kosullarina hassas bagimlilik gosteren davranistir [2]. Kisaca Kar maksimizasyonu [22]

kaos bir sistem davranigidir ve sistemdeki dogrusal olmayan,
belirsiz davranislarin sistemi kestirilemez duruma sokmasi
halidir. Baslangic  kosullarindaki 6nem  verilmeyen
degiskenlerin  sonuglar  iizerindeki  belirlenemeyen
etkileridir. "Kelebek etkisi" olarak tanimlanmis olan ve kaos
teorisinin 6zlinii olusturan bu durum tedarik zinciri igerisinde
kendisini en iyi "kame1 etkisi" ile gostermektedir. Talep
tahmini hatalarinin kademeler yiikseldikge artmasi [3],
tedarik kitligi durumunda siparis boyutlarmin yiikselmesi
veya siparis iptallerinin olusmasi [4], siparislerin
bekletilerek toplu halde gonderilmesi [5] ile fiyatlarin
promosyon kampanya vb. uygulamalarla dalgalanmast [6,7]
seklinde tanimlanmis 4 temel sebep tedarik zincirinde
katmanlar arasinda giderek artan talep dalgalanmalarina,
diger bir degisle "kamg¢1 etkisi" ne yol agmaktadir. Bunun bir
baska ornegini Grabinski [8] ¢calismasinda vermistir:

Planlama ve tahminleme [18]

Siparis ve siparis | [13], [16]
politikalar1
Tedarik siiresi [16]

Yukarida verilmis olan parametrelerin kaotik yapisini ya da
sistemin periyodik, istikrarli yari-periyodik veya kaotik olup
olmadigini; kisacast sistemin dinamik davranislarini
inceleyebilmek i¢in, iki yol kullanilmis oldugu goriilmiistir:
Grafik yontem ve nicel yontem. Grafikler veri egilimlerini
ve modellerini gostermede gorsel olarak daha kullanighdir.
Zaman serisi grafikleri, faz uzay: grafikleri, haritalar ve gii¢
spektrumu sistem davranislarini incelemek igin kullanilan
grafik yontemlere; lyapunov isteli (LE), entropi, fraktal
boyut, kapasite boyut ve korelasyon boyutu yaygin olarak
kullanilan niceleyicilere ornek olarak verilebilir [23].
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Literatiirde incelenen c¢alismalarda kaos varliginin tespiti ozellikle lyapunov iisteli, ¢atallanma diyagrami ve zaman
icin kullanilan analiz yontemleri Tablo 2’de verilmistir. serileri analizleri ile ortaya kondugu tespit edilmistir.

Buna gore ¢alismalarin biiyiik bir oraninda kaosun varligimin

Tablo 2. Literatiirdeki ¢aligmalarda kaos varliginin tespitinde kullanilan yontemler

Kullanilan Yontemler
— = ‘D
Yazar(lar) < Sl=|2|3 E| E| 2| 5
=4 Al 2| E| &l B8|la| 8| E| =]
& | s|S| 2| %5 2E| 2|8
g > < —| O | c;\ Z. s o
3 [} 5} 2 > >
S| 5| A £ 2|87 8l 2|8
gl & g8 2|l x| 5| 8|3
Ol RO & M| N| =| A »|X
Horns, A., 1989 X
Deshmukh 1993 X X X
Beaumariage, T., Kempf, K., 1994 X
Feichtinger, G., Hommes, C.H., Herold, W., 1994 X
Thiel, D., 1996 X X
Wilding 1997 X
Jayanthi, S., Sinha, K.K., 1998 X X X
Wilding, R.D.a 1998 X X [ X [ X X
Wilding, R.D.b 1998 X X | X | x X
Larsen E.R., Morecroft J.D.W. ve Thomsen J.S., | 1999 X
Katzorke I., Pikovsky, A., 2000 X X
P., Alfaro, M., 2001 X X | X
Reyes 2002 X
Schmitz, J.P.M., Beek, D.A. van, Rooda, J.E., 2002 X
Kumara, S. R. T., Ranjan, P., Surana, A.& | 2003 X X
Narayanan, V.
Chryssolouris, G., Giannelos, N., Papakostas, N., | 2004 X
Mourtzis, D.
Agiza, H.N., Elsadany, A.A. 2004 X | X X
Bruzzone A.G., Revetria R., Simeoni S., Viazzo S. | 2004 X
ve Orsoni A,
Alfaro, M.D., Sepulveda, J.M. 2006 X [ X [ X |Xx
Wu vy. ve Zhang D.Z., 2007 X
Y. Wu and D. Z. Zhang 2007 X
Papakostas, N., Mourtzis, D. 2007 X | X
Benaissa, K., Diep, D., Dolgui, A. 2008 X
Bachlaus, M., Tiwari, M. K., Shankar, R., 2008 X | X X
Grabinski, M., 2008 X | X
Ma J. ve Feng Y., 2008 X | X
Hwarng H.B. ve Xie N. 2008 X
AnneK. R., Chedjou J.C. ve Kyamakya K., 2009 X X
Bartholdi IlI, J.J., 2009 X X
Eisenstein, D.D., Lim, Y.F.
Sun, Y., Babovic, V., Chan, E.S., 2010 X
J. Ma, X. Pu 2011 X | X X
Ramirez ve Pena, 2011 X
GuoY.veMal 2013 X X
Wang G. ve Ma J. 2013 X | X X
Macdonald J.R., Frommer I.D. ve Karaesmen I.Z. | 2013 X X
Alfaro, M.D., Septilveda, J.M., Ulloa, J.A. 2013 X | X | X
Ma J., Chen B. 2014 X | x |x
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Kullanilan Yo6ntemler
— = 'S
Yazar(lar) < S| =| % g EARY =
> | 2| 2| 2| &l Blz|E|E| =]
= |3 B <| €| 5| 2|2 8|3
> ElZ | 2|5 S|SB 22|58
3 [} 5} 2 > >
S| S| a2 £ 8|7 8 &8
1&g g 85|y 5|53
Ol RO L M| N|=| Al »| X
Ma J. ve Wang H. 2014 X | X
Li T. ve Ma J. 2014 X X
Dong M.A. 2014 X | X | X
Hwarng H.B. ve Yuan X. 2014 X
MalJ, Li, Q 2014 X | X | X X
Demir, B., Alptekin, N., Kiligaslan, Y., Ergen, M., | 2015 X
Caglarirmak Uslu, N.,
Sajid, M., Almufadi, F., Jahanzaib, M., 2015 X
Goksu A., Kocamaz U.E. ve Uyaroglu Y., 2015 X X | X
Junhai Ma , Fang Zhang 2015 X | X X
Wandong Lou 1, Junhai Ma and Xueli Zhan 2016 X | X X
Junhai Ma and Fengshan Si 2016 X | x |x X
Zhihui Han 1, Junhai Ma, Fengshan Si and Wenbo | 2016 X | X X | x
Ren
Junhai Ma, Lei Xie 2017 X | x X
Asaf Levi Juan Sabuco Miguel A.F. Sanjuan 2017 X | X X
Junhai Ma and Wandong Lou 2017 X | X X
Junhai Ma, Hao Ren , Miao Yu ,and Meihong Zhu | 2018 X | X X X
Hamid Norouzi Nav 2018 X X | x
Mohammad Reza Jahed Motlagh
Ahmad Makui
Jianwei Changl and Liuwei Zhao 2018 X | X
Giiltekin Cagil, Neslihan A¢ikgoz 2018 X | X
Tedarik zinciri sistemini bir biitiin olarak ele alan ve anlamlandirilmaya calisildig1 az sayida ¢alisma mevcuttur.
icerisinde kaos teorisinin uygulandigi, tedarik zinciri Bu calismalar igerikleri ve inceleme alanlar1 bakimindan
yOnetiminin kaos teorisi ile agiklandigi ve Tablo 3°de gruplandirilmistir.

Tablo3. Literatiirde tedarik zinciri sistemini bir biitiin olarak ele alarak kaotik analizlerin yapildig1 ¢aligmalar
Grupno  Grup adi Referans makale ve tezler
1 Talep tahmini, stok yonetimi, trtin  [8], [11], [12] ,[13], [16], [18], [24], [25], [26], [27], [28]
tasarim1 gibi zincirin tamamint
etkileyen temel fonksiyonlardaki
karmagikligin kaos bakis acist ile
yorumlanmast ve
anlamlandirilmasi
2 Farkli sekilde modellenmis tedarik [8], [10]; [14], [15],[16], [17], [19], [20], [21], [22], [29], [30], [31]
zinciri ~ sisteminin dinamik
davraniglarinin incelenmesi
3 Tedarik zinciri yonetimi sistemi [32], [33], [34], [35]
kaos  senkronizasyonunun  ve
kontroliiniin arastirilmasi

4 Bir tedarik zinciri yonetim [36], [37]
metodolojisi olarak kaos teorisinin
kullanilmasi
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1.1 Zincirin Tamamini Etkileyen Temel
Fonksiyonlardaki Karmasikhga Kaos Bakis Acisi

(Chaos Perspective On The Complexity of The Basic
Functions Affecting The Whole Chain)

Tedarik zinciri ¢ok sayida elemant ile bunlar arasindaki bilgi,
para, iiriin vb. akislar nedeniyle karmagik bir yapiya sahiptir.
Bu sisteme ait tiim bilesenler birbirleriyle etkilesim
halindedir ve zamana bagli olarak durumlar1 degisir. Bu,
sistemin dinamik yapida oldugunun bir gostergesidir.
Karmagik veya kaotik sistemlerin belli bir zaman sonra nasil
davranacaklarin1 tam olarak kestirebilmek imkansizdir.
Literatiirde ¢ok az sayida calisma kii¢iik bir adim sonrasini
tahmin etmek {izerine olsa da uzun siireli tahminlerin
miimkiin olmadig1 agiklanmustir. Tedarik zincirinde kararlar
birgok faktore bagli olarak davranis degisikligi gosterebilir.
Kaotik sistemler her zaman ayni girdiye ayn1 bigimde tepki
vermezler.  Zincir  igerisinde  belirsizlikler  vardir.
Nonlineerlik kaosun vazgecilmezi olsa da tedarik zinciri
igerisinde nadiren bulunur.

Grabinski [8], tedarik =zinciri y6netimi igerisinde
nonlineerligin iki kaynagmnin varligma dikkat ¢ekmistir:
Birincisi, genellikle dogrusal olmayan denklemler ile
maliyet optimizasyonudur (faiz bunun icin orjinal bir
ornektir), ikincisi ise eger-sonra(if-then) kararlardir. Karar
verme davraniginin sistemde kaos olusumunda 6nemli bir
etken oldugu konusunda Hwarng and Xie [16]’de hemfikir
oldugu goriilmektedir. Hwarng and Xie [16] ayrica siparis
politikalarinin da sistemin kaotik davranis sergilemesine
neden olabilecegini de vurgulamiglardir. Tedarikgi,
perakendeci, dagitict ve fabrikadan olusan dort elemanl
basit bir tedarik zinciri modeli simiilasyonunda bile envanter
seviyesinde ve gelen siparislerde deterministik kaos
meydana geldigi gorilmektedir [13].

Literatiir incelendiginde nonlineerligin hizmet diizeyi ve
maliyet arasinda da olustugunu soyleyen Wilding [12]’e
gore; bir depodaki envanter seviyesi sevkiyat oranini etkiler,
eger envanter istenilen seviyeye yakin ise sevkiyat orani
siparig oranina esit olabilir ancak envanter miktar1 diisiik ise
bu durum sevkiyat oranmni diistiriir ve hizmet diizeyi azalir.
Hizmet diizeyi ve maliyet arasindaki iligki artan bir egri ile
tasvir edilir. Bu durum dogrusal olmayan bir yapinin
oldugunu gostermektedir. O nedenle tedarik zinciri
yonetiminde  gelistirilen kontrol sistemlerinin  kaotik
davranis sergilemesi miimkiindiir.

Planlamanm talep tahmini ve degiskenlik g6z Oniine
almdiginda firmalar ya da endiistriler acisindan stratejik
oneme sahip oldugu goriilmektedir. Hangi alanda olursa
olsun planlama yapan insanlar kullandiklar1 modellerde,
talep tahmininin belirsiz oldugu ve belirsizligin zamanla
daha biyiidiigiinii  bilirler. Clinkii  misteri  talebi
ongoriiliirken, her bir miisteri kendi ig¢in 6nemli anahtar
degiskenleri yorumlar ve satin alma kararmni verir.
Karmagiklik, her miisterinin karar verme siirecini tahmin
etme ve anlamadaki giicliiklerle baslar. Bircok miisteriyi
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benzersiz karar setleri ile satin alma kararini géz Oniine
aldiginizda tahmin ve talep planlamasi katlanarak daha
karmagik hale gelir [11]. Kaotik sistemler kararli bir dengeye
ulasamazlar, bir kez kestigi bir noktayr asla bir daha
kesmezler. Kisa siireli tahminler yapilabilir ancak zaman
uzadikca karmagiklik ve dogrusal olmayan etkilesimler yani
belirsizlik arttigindan talep dalgalanmalar1 ile zaman
arasinda kaotik bir iligki s6z konusu olmaktadir [18].

1.2. Matematiksel Modellenmis Tedarik Zinciri
Sisteminin Dinamik Davramslar1 (Dynamic Behavior Of
Mathematically Modeled Supply Chain System)

Bir tedarik zinciri sisteminde dagiticidaki ve toptancidaki
baslangic stok seviyesindeki degisim, simiilasyonda kaotik
¢ekicinin varligini etkilemektedir. Bu kaos kurammin
baslangic kosullarma hassas bagimlilik ilkesini gézler dniine
seren bir 6rnek olusturmaktadir [15], [9]. Degisken sayilari
ve bunlar arasindaki iligkiler artmasi ile kaotik davranis
arasinda da bir iligki vardir. Gelis hizi, servis orani, kuruk
uzunlugu gibi degiskenler goz iiniine alinarak modellenmis
iki kuyruk ve bir iglemcinin yer aldig1 bir kuyruk sisteminde,
kuyrukta bekleyen malzemeler,iiriinler veya isler belli bir
saymin lizerinde ¢iktiginda sistemin kaotik davranis
sergiledigi Kumara ve digerleri [21] tarafindan ortaya
konmustur.

Miisteriler ve tedarikgiler arasindaki etkilesimin tedarik
zinciri davranigina etkisi tizerinde duran Wu and Zhang [14]
ise; misteriler, bir perakendeci ve iretici de dahil olmak
lizere li¢ katmanli bir misteri-tedarik¢i sistemini; indirim,
stok, talep degiskenleri ile modellemistir. Miisteriler
tedarikgi tarafindan yapilan fiyat indirimi teklifine gore satin
alimda bulunurlar. Bu bir tepki olarak nitelendirilmistir.
Tedarikgiler tutulan stok miktarina gore fiyat belirlenmesi
gerceklestirirler. Fiyata bagh talep géz Oniine alindiginda,
talep-indirim fonksiyonunda kaotik davranigin var oldugu
goriilmiigtiir. Ma and Feng [9] ise 6zellikle tedarikgi talebini
modelinde kullanarak fiyat dalgalanmalarmin kaotik etkisini
gozlemlemistir.

Sistemdeki birtakim degisimlerin kaotik davranisa sebep
olmasinin yaninda; kaos, tedarik zinciri icerisinde negatif
veya pozitif etkiye de sahip olabilmektedir. Dong [10]
calismasinda, kamgi etkisi ile iriin miktar1 ve maliyet
bakimindan stok hacmindeki artisin igletme icin negatif
yonde bir etki olusturmakla birlikte; isletmenin i¢ ve dis
cevresel degisimlerle basa ¢ikma kabiliyeti olarak ifade
edilebilecek esnek iiretim gibi iiretim stratejisini kaotik
ozelliklere gore yapilandirabilmesine olanak sagladigt
iizerinde durmustur.

Makalede stoga ve siparigse gore liretim stratejilerini goz
Oniine alan {i¢ asamal tedarik zinciri sistemi matematiksel
modellenmistir ve model degiskenleri olarak talep ve stok
ele almmistir.  Zincirin kaos durumunda kamgi etkisi
gosterdigi analizler ile ortaya konmustur.
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1.3. Tedarik Zinciri Yonetimi Sisteminde Kaos
Senkronizasyonunun Ve Kontroliiniin Arastirilmasi
(Investigation Of Chaos Synchronization And Control in
Supply Chain Management System)

Kaos senkronizasyonu, iki veya daha fazla, dagitict
(dissipative) kaotik sistemin birlesmesiyle ortaya gikabilen
bir olgudur. Boylelikle senkronize durumun kararliligi [38]
yani kaotik etkinin azaltilarak kontrolin saglanmasi
amaglamaktadir. Senkronizasyon, etkilesimli sistemlerin
yapisina ve baglanti tiiriine ve sistemler arasindaki yakinliga
bagli olarak c¢esitli formlarda olabilir. Tedarik zinciri
sisteminde senkronizasyonu ve kontrollinii geri bildirim
(feedback) kontrolorleri ([32], [33]) veya hibrit zeki kontrol
modelleri [34] ile saglayan ¢alismalarin yaninda Lei, Li ve
Xu [39] tedarik zinciri sisteminde kamgi etkisinin olumsuz
etkilerini azaltmak igin yapay sinir aglar1 kullanilarak sistem
senkronizasyonu ile kaos kontrolii de amaglamislardir.

Academic Platform Journal of Engineering and Science 7-3, 449-466, 2019

1.4. Bir Tedarik Zinciri Yonetim Metodolojisi Olarak
Kaos Teorisi (Chaos Theory As A Supply Chain
Management Methodology)

Sistemdeki stokastik olaylarin etkisinin incelenmesi ve
kaotik davraniglara iliskin risk degerlendirmesi iizerine
yapilan ¢aligmalar, acil durum plan1 {izerine tahmin yapmaya
yardimet olacaktir [36]. Bu yoniiyle kaos teorisi bir yonetim
metodolojisi olarak da kullanilmaktadir.

2. TEDARIK ZINCiRi VE KAOS ICERIKLI
CALISMALAR OZET TABLOSU (A SUMMARY
TABLE OF SUPPLY CHAIN AND CHAOS STUDIES)

Tablo 4'de, tedarik zincirinde kaos konulu literatiirdeki tiim
makaleler ile doktora diizeyinde tezlerin bir derlemesidir.
Tabloda, yapilan galismalardaki ama¢ ve bulgularin yani
sira, sistemdeki kaos yapisinin belirlenmesinde kullanilan
teknikler ve makale/tez ierisinde verilmis modeller ile ilgili
Ozet bilgiler de bulunmaktadir.

Tablo4. Tedarik zinciri ve kaos igerikli makale, bildiri ve doktora tezleri 6zet tablosu

Yazar(lar), Model Model Agiklama | Kaos Amag Sonug-bulgular
Yil Belirleme
Yontemi
Deterministik ~ modellerin  eksik
ozelliklerine bagli 'Kaos' olaymin
diginda ¢ikan {retim tesislerinin
Uretim deterministik simiilasyonunun temel
Horns, A., 1989 | tesislerinin bir sinirmin olup olmadigr sorusunu
[40] deterministik cevaplandirmak igin bu c¢alisma
simiilasyonu yaptlmigtir.
yaptlmistir
Deshmukh, ° Imalat sisteminin dinamik davramsi | Imalat sistemi modellerinde
1993 farkli siralama politikalar1 altinda | kaotik veya tahmin edilemez
[41] caligtlmugtir. davramisin  deneysel kaniti
sunulmustur. Nonlineer
dinamik  sistemlerde uzun
stireli tahmin imkansizdir.
Beaumariage, Dort sire¢ | Isin  tamamlanma | Calismada; iiretim | imalat sisteminde politika veya |3 farkli birakma politikasimn
T., Kempf, K., | asamasina ve | siiresi (TPT) | makineleri kuyruktaki kiigiik degisikliklerin | ¢ok farkli performans
1994 dort adet | performans cizelgelemesi, biiyiik performans degisimlerine | sonuglar1 drettigi goriiliistir
[42] ekipmana sahip | gostergesi olarak | parti biyiikliigii ve | sebep olup olmadiginin kaos kurami | (birakma politikalart sisteme
bir imalat | alinmustir. kapasitesi ele aliarak incelenmesi | hammadde  eklemek  igin
sisteminin faktorlerinin -~ her | amaglanmigtir. miktar ve zaman belirler).
deterministik birinin, kaotik Ayrica 3 farkli  dinamik
simiilasyonu davramsin kuyruk degisimleri (fifo, pull,
modellenmistir. baglangici igin push) ¢ok farkli performans
gerekli olan sonuglari Giretmektedir.
karmagikliga
katkisinin  oldugu
gosterilmistir.
Thiel, D., 1996 | Farkli verimlilik . Envanter Cahsma, just-in-time felsefesine | Is siirecinin verimliliginin
[43] degerlerine gore seviyeleri dayanan  dretim  sistemlerinde | kaotik davranis sergiledigi
Work-in- grafikleri olusabilecek istikrarsizlik ve kaosu | seviyeler belirtilmistir.
process (WIP) . Catallanma ele almaktadir
seviyesinde diyagrami
envanter
istikrari igin
sistem dinamigi
modeli inga
edilmistir.
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Yontemi
Wilding, 1997 Tedarikei, Matematiksel model e Lyapunov Tedarik zinciri igindeki sistemler | Deterministik kaosun simiile
[26] montajct ve | kullanilmamigtir ustelleri tarafindan dahili olarak iretilen | edilen depo tedarik zincirinde
miisteri den belirsizlik kaynaklart ve tedarik | kolayca uretilebildigi
olusan ii¢ zinciri  performanst  iizerindeki | gosterilmistir
asamali tedarik etkisini incelemek Kaos derecesinin  tedarik
zinciri modeli. zincirinde kademelerin
sayisina bagl oldugu
saptanmustir.
Tedarik  zinciri igerisinde
yasanan dinamik davranisa
sebep olan {i¢ bagimsiz etki
tartigtlmigtir:  deterministik
kaos, paralel etkilesimleri ve
talep biiyiitme.
Jayanthi, S., | Bir gofret Yiiksek teknoloji imalatinda yenilik
Sinha, K.K., | tretim uygulamasi kaotik bir siire¢ midir?
1998 tesisinden, 125 sorusu ampirik analize rehberlik
[44] haftalk zaman eder.
serisi  verilerini
kullanarak,
kavramsallastir
ma test
edilmistir
Wilding, R.D. Dogrusal olmayan | Kaotik sistem ozeliklerinin | Calisma basit bir tedarik
1998a. verilerin analiz | agiklanmasi ve tedarik zincirinin | zincirlerinin kaotik
[12] yontemleri i¢in | kaotik yapisimin incelenmesi sistemlerin ozelliklerini
kaynak gorintiileyebildigini
gosterilmigtir gostermektedir
Zaman Serisi
Wilding, R. D., Tedarik zinciri igerisinde belirsizlik
1998b. kaynaklar1 olarak tamimlanan g
[13] bagimsiz  etkinin  (deterministik
kaos, paralel etkilesimler ve
talep amplifikasyonu) incelenmesi.
Larsen E.R., | Bira dagitim | Sterman  (1989)'m | Lyapunov iistelleri | Cok ¢esitli dinamik davramslar | e Simiilasyon ile
Morecroft oyununa ait | tedarik zinciri iretebilen  bir  retim-dagitim isletmemaliyetiprofilinin
J.D.W. ve | tedarik zinciri | modeline istenen zincirinin kademeli yapismim nasil davramissekillerinevekaoso
Thomsen J.S., modeli stok ve istenen oldugunu géstermek lusturmakosullara nasil
1999 kullamlmigtir tedarik hatt1 bagli oldugunu ortaya
[15] formiilleri  adapte koymustur
edilmistir e Parametre alaninin detayl
haritalari
dinamiklerivemaliyetleriiz
erineenvanterkontrol
politikalarietkisini
grafiksel olarak
gostermistir

e Analizler
dusikmaliyetlipolitikapara
metrebdlgelerinde"gezinm
enin"” (navigate) karar
vericiler i¢in neden zor
oldugunu gostermistir.

o Ilkgegiciortalamamaliyeti
ve Ortalamakararlt
durummaliyeti  grafikleri
ile maliyetve
sisteminkararli/kararsizdav
raniglar
arasindakibaglantinin
oldugu gosterilmistir.

Katzorke I, | Sirekli ve e Lyapunov Kaosu kontrol ederek, maliyet | Calismada ozellikle, kaosun
Pikovsky, A., | kesikli  diizen iisteli fonksiyonunun minimizasyon | bir maliyet fonksiyonunun
2000 malzeme akisi . Korelasyon sorununu ele alinmistir. minimize edilmesi igin
[45] igin tiretim fonksiyonu kontrol edilebilir oldugunu

dinamiklerinde
(Wiendahl huni
yaklagimina

dayali ) dengeli

gosterilmistir.

Stirekli  akis  durumunda
sistem giiglii kaotik 6zellikler
gostermektedir
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ti¢ huni modeli
kullamlmustir.
Charpentier, P., | Esnek  tretim | Kuyruktaki  parca |e Catallanma Calismanin amaci, imalat iretim | Bir atdlye iginde, kaotik veya
Alfaro, M., sisteminde sayisi zamansal analizi sistemlerinde kaotik davraniglarin | rastgele davraniga sahip bagka
2001 mekanik ortalamalart (y), t |e Otokorelasyo | varligimi kanitlamak ve agik hale | bir hiicre olmasina ragmen bir
[46] pargalarin aminda  kuyruktaki n grafigi, getirmek. bagka hiicre determjnistik
montaj hatt1 | parga sayisi(x) in |e Fourier davranis sergileyebilir. Uretim
modellenmistir. | zamana bagli spectrum, oranlar1 ile gelis oranlar
Her biri ¢ | fonksiyonu olarak | Lyapunov arasindaki orani degistirilerek
montaj islemine | modellenmistir. iistelleri davranis degistirmek
sahip iki parga miimkiindiir. Farkli  kuyruk
simiile edilmis. politikalar1 (Fifo, spt-en kisa
islem siiresi,hpt-en uzun islem
siiresi) igin alt sistemlerin
davraniglari  tablo  halinde
verilmis.  Bazilar1i  kaotik
davranis sergilerken bazilar
kararli(fixed point) seklinde
davranig  gostermistir.  Bir
bozulma(perturbation)  gibi
calismadaki ufak bir degisiklik
sistemin beklenmeyen
davrams sergilemesine neden
olmaktadir.
Reyes Talep  fonksiyonu, Bakkal tedarik zincirinde {iriin | Bakkal tedarik zinciri gibi
2002 bir raf alam tahsisi ikamesi ve iriin  ¢ogalmast | dinamik sistemlerin,
[37] modeli  ve  yeni etkilerini  modellemektir ~ Kaos | baslangig kosullarina
siparis noktast teorisi; dagiticy, iiretici ve tedarik¢i | bagimliligr sergilediklerinde,
modelleri etkilesimlerine geri akigt tedarik | sistemde deterministik kaos
onermektedir. zinciri  koordinasyonu ve etkili | bulunabilecegi tartigilmustir.
miisteri tepkisi kullanimi
iyilestirmeleri i¢in bir metodoloji
olarak kesfedilmistir.
Dessert, P.E., | Hurda orani, | Birden fazla Amag: Uretim siirecini optimize | Belirlenen  parametrelerdeki
James, S.D., | arag  kurulum | parametrenin  elde etmektir kiigiik  degisimlerin  biyiik
2002 maliyeti ve | edilen  net  kar etkilerinin  oldugu yapilan
[47] ¢evrim  siiresi | lzerindeki  kaotik simiilasyon ve hesaplanan net
parametreleri degisikliklerin kar ile ortaya konmustur.
tizerinde etkisini  gostermek Sonug olarak eger bir imalat
oynayabilmeye icin modifiye edilen firmasi parametreleri
ve maksimum | bir simiilasyon degistirmek i¢in en uygun seti
kar1  getirecek | sistemidir. bulursa, karlilikta net biyiik
miktarlari getiri i¢in bu parametrelerde
belirlemeyi sadece kiigiik  degisiklikler
saglayan gerektirir.
simiilasyon
modeli
kullanilmigtir.
Schmitz, J.P.M., | Calismada, bir . iki makine | Calismada, Kaotik davraniglar goriinen | Cogu durumda, {iretim sistemi
Beek, D.A. van, | gofret tiretim tiretim uretim sistemi modelleri literatiir olarak | bmms’ nin Kesikli-olay modeli,
Rooda, J.E., 2002 tesisinden elde sisteminin  bir | tartisilmig ve dinamik sistemlerin kaos | kiigiik farkliliklara duyarl
[48] edilen zaman kesikli olay | teorisi, iiretim sistemlerinin kiigiik kesikli | olmadigindan ~ tam  anlanuyla
serisine, iyi uyan modelinin olay modellerine uygulanmustir. kaotik oldugu sdylenememektedir.
kaotik davranmis diizensiz
sergiledigi goriilen davranisi,
'kara kutu' ARIMA dogrusal

modeli olusturmak
i¢in kullanmlmstir

olmayan zaman
serisi analizi ve
duyarhilik
analizi ile analiz
edilmistir.

. Yapisal

kararlilik analizi

Kumara, S. R.
T., Ranjan, P.,
Surana, A..&
Narayanan, V.
(2003).

[21]

Tedarik
zincirinde
kuyruk modeli
olusturulmus ve
kaos varlig
tespit edilmigtir

Kuyruk modeli 4
denklemden olusan

kesikli dinamik
denklem sistemi ile
gosterilmistir.

e Gii¢ spectrumu
e Catallanma
diyagrami

Bu c¢aligmada Onleyici olmayan
kuyruk modeli ve onun lojistik alana
etkileri incelenmistir. Bir prototip
tedarik zinciri 6rnegi kullanilmistir
ve elde edilen  davramslar
incelenmigtir.

Tedarik zincirinde kuyruk
modeli olusturulmus ve kaos
varlig: tespit edilmistir
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Bruzzone A.G., | Problem tespiti | Matematiksel model e  Catallanma |Kritik sonuglardan kagmmak ve |e Onerilenmetodolojikaotike

Revetria  R., | ve kaotik | kullamlmamistir diyagrami azaltmak  amaciyla, endiistriyel sik

Simeoni S., | davranslara islemlerde kaotik kaynaklari diizeyinidegerlendirereksis

Viazzo S. ve | iliskin risk belirlemek temdekistokastikolaylarin

Orsoni A., 2004 | degerlendirmesi Gergek bir sanayi durumu:Dagitik etkisinibelirleyebilir.

[36] ve siniflandirma kimyasal isleme lojistigi ile ilgili bir | ¢ Uygulamaya dayah bu tiir
teknikleri  ile tiretim sorununu incelemek bir yaklasim, kaosun
bunlarin sistemi kontrol edilemez
etkilerini analiz hale getirdigi durumlar
etmeyi  igeren tespit etmek igin
bir simiilasyon uygulanabilir.
tabanli e Stratejikyonetim
metodoloji kararlarisistemdekaosdiize
gelistirilmistir yinietkiler.

Agiza, H.N., | Diiopol Dogrusal  olmayan e Lyapunov Farkli  stratejiler  kullanan iki | Oyuncularin farkli stratejiler

Elsadany, A.A. | oyununda ki | kesikli zamanli iki istleri, firmamin temsil edildigi bir dilopol | uyguladiklarinda Pazar

2004 oyuncu icin | denklem ile e Catallanma oyunun  dinamik  davramglarini | dinamiklerinde degisim

[22] marjinal fayda | modellenmistir. diyagramlari incelemektir. oldugu tespit edilmis ve
denklemleri ile o Fraktal boyut boylelikle stratejilerin cesitli
modellenmistir ve  heterojen  olmasinin

karmagikliga neden oldugu
bulunmugtur.

Chryssolouris, Basit bir imalat | Calismada  sistem | e Faz Caligmada iiretim sistemlerinde kaos | Dogrusal olmayan dinamikler

G., Giannelos, | sistemi farkls stralama diyagramlar kavrami kisaca tanitilmig ve kaotik | ve kaos teorisi ile ilgili

N., Papakostas, | ¢izelgelemesi, kurallart i¢in (fifo, bir sistemi karakterize etmede | kavramlar ve faz diyagramlar
N.,  Mourtzis, | yaygin olarak | ilk giren ilk ¢ikar ve kullanilan araglar ele alinmigtir kullanilarak, iretim
D, kullanilan atama | en kisa islem siiresi) sistemlerinde sevk problemi
2004 kurallari 5000 igin  gelis ile iligkili  degiskenlerin,
[49] yardimiyla saatleri, islem siiresi ilging geometrik  desenler
simiile ve bitis tarihi ile ortaya koydugu goriilmiistiir
edilmistir karakterize
edilmistir.
Drew, S., Joe, Segilen tedarik zinciri fonksiyonlar1 | Tedarik zinciri yonetiminde
B. H., & icin kaos teorisi ilkelerini | zincirin tamaminda Onemli
Jonathan, R. R. uygulayarak tedarik zinciri bilgi | etkiye sahip triin tasarimi ve
2006 tabanini genisletmektir. envanter seviyesi karari i¢in
[28] tedarik  zinciri  uygulama
orneklerinden  bahsedilerek
tedarik zinciri yOnetiminin
kaos teorisi ile nasil daha
anlagilabilir oldugu iizerinde
durmaktadir.
Alfaro, M.D., | Bir kesikli olay | Alti farkli is | e Fourier Imalat sistemlerinin dinamik | Sonuglar gostermistir ki: SPT
Sepulveda, modeli  dretim | istasyonlart, bir spektrumu davramigini analiz etmek igin belirli | (En Kisa Islem Siiresi), FIFO
JM., sistemini temsil | tastyici, bir giris |e  Fraktal boyut | Sevk kurallart ve | (ilk Giren ilk Cikar), ya da
2006 etmek lizere | istasyonu ve bitmis e  Zaman bagh | kullamm seviyeleri altindaki kaotik | HPT (En yiiksek Islem Siiresi)
[50] simiile pargalar i¢in bir ¢ikis stok seviyesi, | davranisi gdzlemlemek. olarak bilinen deterministik
edilmistir. istasyonundan . Giig kurallar gergevesinde basit
olusan bir montaj spektrumu, sistemlerde bile karmagsik bir
hiicresi ele | o Otokorelasyo sistem davranist elde
almmustir.  Verilen n fonksiyonu, edilebilir.  Ozel  ¢alisma
durumlar i¢in montaj | , Ortalama kosullar1 igin, hiicrenin
hiicresinin yerel dinamiklerinin kaotik oldugu
dinamiklerinin Lyapunov gosterilmistir. ~ Sonuglardan,
kaotik oldugu isteli esnek {retim sistemlerinin,
goriilmiis. sistemin is yiikiine bagl olarak
kaotik davranig
sergileyebildigi  ve  karar
kurallarinin makinelere isleri
atamak i¢in kullanilabildigi
sonucuna varilabilmektedir.
Wu y. Ve | Misteriler, bir | Talep ve  stok . Catallanma | Misteriler ve tedarik¢iler arasindaki | e  Sistemin davranist
Zhang D.Z., | perakendeci ve | seviyesini veren diyagram etkilesimin tedarik zinciri vesisteminkisitlar1 dikkate
2007 iiretici  olmak | denklemler davranigim nasil etkiledigini almarakhemdogrusal
[14] lizere i¢ | tammlanmistir gostermek olmayanhem de
katmanli dogrusaltalepte
miisteri- deterministikkaossergiledi

tedarikgi sistemi

§i goriilmiistiir
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e Kaotikdavranigin talep-
indirimfonksiyonudogrusa
| goriiniiyor olsun ya da
olmasinvar oldugu
bulunmustur
e Sinirlamalar veyakisitlarin
kaotikdavranigsergilemekt
ednemli bir rol oynadig
sonucuna varilmistir
e Modelingekicileri gevre
vebaglangi¢ durumlart
ilehareket ettigi
bulunmustur.
Papakostas, N., | Uretim hizi, bir | Talep ve iiretim |e Maksimal Bu galismanin amacr iki yonliidiir: a) | Uretim  sistemlerinin  basit
Mourtzis, D., 6neeki  Karar | kapasitesi arasindaki Lyapunov minimum tiretim verilerini | modelleri  belli  kosullar
2007 noktasinin iliskiyi temsil etmek iisteli kullanarak talebe uyum saglamak | altinda kaotik sistemlerin
[51] dretim hizi ve | i¢in kullanilan 4 | e Catallanma icin iretim sisteminin yetenegini | benzemeyen kararsiz
biriken degisken ve 4 diyagramlar: olgmek ve b) dogrusal olmayan ve | davraniglar gosterdigi
siparislerin parametreli bir kaotik dinamikler araglarim | goriilmiis ve ozellikle
boyutunun  bir | dretim sistemi ele kullanarak, analiz edilebilir bir | baslangig kosullarina
fonksiyonu alinmugtir. tiretim sisteminde uyum igin farkli | duyarhilik dikkate alinmustir.
olarak operasyonel politikalar1 gdstermek.
modellenmistir
ve modelin testi
icin celik
tirlinler imalati
yapan bir Yunan
firmanin gergek
verileri
kullanilmugtir.
Hwarng H.B. | Sterman Beklenen talep ve . Lyapunov Talep deseni, siparis politikasi, talep | ¢ Miisteri talep ve tedarik
ve Xie N., 2008 | (1989)in Bira | siparis miktarlart tisteli bilgi paylagimi ve tedarik siiresi zamani deterministik olsa
[16] dagitim oyunu | denklemleri verilmis faktorlerinin etkisi altinda tedarik bile siparis veya stoklar
icin olusturdugu zinciri dinamikleri gézlemlemek o6nemli degiskenlik
tedarik  zinciri gosterebilir
modeli o Tedarik zinciri sisteminde
kullanilms kaos derecesini azaltmak
i¢in, envanter ve
besleme(supply) hattinin
her ikisindeki tutarsizliklar
i¢in ayar parametrelerini
biiytikliigi daha
karsilastirilabilir olmalidir
e Tedarik zinciri diizeyleri
arasinda envanterde
bulunan ‘kaos-
amplifikasyon'  olgusunu
kesfedilmistir.
Ma J. ve Feng | Perakendeci Kesikli ~ dinamik | e Maksimum Model  parametreleri ~ k(indirim | Sistemin davramigt  sistem
Y., 2008 talep modeli talep modeli Lyapunov iisteli | durumunda talep), r (indirim | kisitlarim1  dikkate alarak
[9] tanimlanmustir o Catallanma orani)ve baslangi¢ kosullarindaki | deterministik kaos sergiler
o diyagrami degisimin dikkate alinarak kaotik
davranigi incelemek
Grabinski, M., depo Tedarik zinciri igerisinde kaosun, | Tedarik zincirinde kaosun
2008 optimizasyonun nonlineerligin sebepleri | varligi agiklanmaya
[8] un basit  bir irdelenmistir. baslangic kosullarina | ¢alisilmstir.
orneginde kaos hassas  bagililik igin  Ornekler
baslangici verilmigtir.
matematiksel
olarak
hesaplanmigtir
Bachlaus, M., | Hazirhk Caligma, maliyet minimizasyonu ve | Kurulum maliyeti ve kurulum
Tiwari, M. K., | maliyetini  ve zaman minimizasyonu igin bir | siiresini en aza indirmeye
Shankar, R., | zaman optimum parga dizisini belirlemek | calisan ~ SSMS(single-stage
2008 minimizasyonu amaciyla yapilmistir. Ug farkhi | multifunctional ~ machining
[52] nu iceren kaotik dizi treticileri kullamlarak | system) i¢in yeni bir siralama
matematiksel temel dizi (part) sorunu iizerindeki | ve zamanlama stratejisi (Kaos
bir model etkileri incelenmistir.
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formiile goémiilli tavlama benzetimi
edilmistir algoritmasi )sunar
Benaissa, K., | Basit . Catallanma Burada ajanlara  dayali  basit | Coklu-ajan sistemlerin
Diep, D., | deterministik diyagrami deterministik  iretim  modelinin | parametrelerin gore, {iiretim
Dolgui, A., | tretim modeli dinamik davranis1 analiz edilmistir. sisteminin kaotik bir davranis
2008 sergilenebilir oldugunu
[53] gostermistir
Anmne K. R, |3 asamali | Kesikli modelin gok e Catallanma U¢ kademe tedarik  zincirinin
Chedjou J.C. ve | tedarik  zinciri | kiigiik zaman | diyagramlari dinamik davranisini incelemek. Ileri
Kyamakya K., modeli araliklart goz oniine | e Faz Diyagranu | beslemeli kontrol parametreleri
2009 olusturulmustur | alinarak Stirekli
[31] dinamik modeli
olusturulmustur
Bartholdi  IIl, | Hiicre grup Hiicre gruplarinin genellestirilmis | Uriinler arast tamamlanma
J.J., Eisenstein, | montaj modelinin  bir Orneginin kaotik | siireleri ve dolayisiyla
D.D., Lim, | hatlarimn  bir davranis yetenegine sahip oldugunu | iriinlerin baslangig ve bitis
Y.F, modeli ele kanitlamak hedeflenmistir. stireleri  kaotiktir. ~ Hiicre
2009 alinmustir gruplarmin  genellestirildigi
[54] model, tamamen
deterministik olsa da, kaotik
davranig yetenegine sahiptir.
Bu kesikli iiretimin gercekei
bir modelinin kanitlanabilir
kaotik  davramiginin ilk
ornegidir.
Ramirez ve | Fabrika Iki ve {i¢ boyutlu | A,bir siparis gerceklestirildigi anda | e Tedarik zincirindeki
Pena, baglantilart, grafiklerle sistem | gercek stok ve bekleyen siparisleri herhangi bir seviyede
2011 dagitim,toptan diizensizce hareket | dikkate alan trtin  birimlerinin optimize etmek i¢in
[29] ve  perakende ettigi zamanlarin | sayilarinin katsayisi 0-1 yapilan kiigiik bir
sattg ile musteri mevcut oldugu | araligindadir); B, tedarik zinciri degisiklik bagka 6nemli
kavramlarinin goriilmektedir baglantilarinda her bir siparigin degisikliklere neden
bulundugu dort gerceklestigi anda besleme (supply) olabilir.
diizeyde bir hattlndak@ birim sayisinin | ¢ Tedarik zinciri komple bir
tedarik  zinciri katsayisi.Iki karar parametresi ile sistem olarak ele
modeli onceki ve sonraki seviyelerin almmalidir
baglantilarmin ne olacagini
aragtirmak
J. Ma, X. Pu, Pazarin  ikinci | Ug denklemi kesikli e Garip Calismada,ters talep fonksiyonunun | Garip  ¢ekicilerin  fraktal
2011 dereceden(quad | dinamik sistem | cekerlerinin ikinci dereceden oldugu ve toplam | boyutu ekonomik sistemin
[19] rotic)ters talep | modellenmis. fraktal boyutlar maliyet  fonksiyonunun  kiibik | fraktal boyut yapisinin kaotik
fonksiyonuna e Catallanma oldugu  varsaymu ile  farkli | bir sistem oldugunu
sahip oldugu ve diyagramlari beklentilerle triopol piyasa | gostermektedir
firmanin  kiibik e Lyapunov modelinin  dinamik  davranislari
toplam maliyet tistelleri incelenmistir.
fonksiyonunu
kullandig1
triopol dinamik
bir oyun,ii¢
boyutlu  lineer
olmayan  fark
denklemleri ile
modellenmistir.
Zhang, H., Hu, Imalat 1zgara (MGrid) gelismis bir | Deneysel sonuclar o6nerilen
Y., dretim teknolojisi  tiiriidiir. ag | algoritma ile verimli, etkin ve
2011 araciligiyla, MGrid, baz1 cografi |1zgara sisteminde kaynak
[55] olarak dagitilmis isletmelerin ve | birlestirme sorununu ¢ézmek
kaynaklar1 ve merkezi, ancak fiziki |i¢in Olgeklenebilir oldugunu
olarak dagitik olan Sanal orgiit | gdstermektedir
(virtual organizations -VOs)
bigimlerini  baglayabilir. burada
kaynak birlestirmede optimizasyon
icin kaos kuramindan faydalanarak
yeni algoritma gelistirilmistir.
Guo Y. ve Ma | ki farkli oyun | Bayinin satis ve | e Giig spektrumu | Marjinal fayda maksimizasyonunda | Merkezi olmayan karar verme
J., modeli igin | toplama karlihg ile | o Catallanma sistem parametrelerinin etkilerini iki | durumunda toplama fiyati
2013 dretici ve bir | imalatginin  bayiye diyagram oyun modelini karsilagtirarak analiz | (collecting price) ve sistem
[24] perakendeci ile | 6dedigi toplamanin etmek karinin daha diisiik oldugu
kapali-dongii transfer licreti ve
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tedarik  zinciri | imalat¢inin
sistemi igin bir | karliliklarini veren 4
toplama  fiyat | denklemden olusan
oyun modeli kesikli dinamik
CLsC sistemi
modellenmis
Wang G.veMa | Birden fazla | Kesikli dinamik | e Catallanma Piyasada tiretici ¢ikti ayar (output | Modelin istikrarli ve dengede
J. oligopol tedarik zinciri diyagramlar1 adjustment) parametresinin etkisini | ideal duruma ulasmasi igin,
2013 ureticiler modeli e Lyapunov kaotik bakis agisi ile degerlendirmek | ¢ikti ayart (output
[25] arasinda bir | olusturulmus. Model tisteli adjustment) hiz  katsayisi
cikis oyunu | 3 imalat¢r firmadan | ¢ Kaotik azaltilmalidir.
modeli i. firmamn {retim cekiciler
kararini veren
denklemlerden
olugmaktadir
Macdonald Sterman Beklenen zarar | Olaganiistii siparis | e Biradagitimoyunundakisa ve Birtedarik zincirininkisa
JR., Frommer | (1989)in Bira | oranim hesaplayan | bilgileri etkisi ve uzundénemliperformansi vadeliperformansi uzun
1.D. ve | dagitim denklem siparig e Sistemin duragan hale ne kadar vadeli performansbelirleyicisi
Karaesmen 1.Z., | oyununda olusturulmus miktarlarindaki izl gegebilecegini arastirmak (predictor)olamadigt
2013 oyuncularin envanter  bilgileri | o Tedarik zincirindeki davramssal sonucuna varilmstir.
[27] siparis kararlari etkisi sorunlar
modeli parametrelerinin
kullanilmig stok seviyeleri
grafiklendirilmistir
Alfaro, M.D., | Esnek bir iiretim | Gelis hiz1 ve servis |e  Fourier giic | Makalede kaotik davramisa sahip bir | En iyi sonuglar en kiigiik
Sepulveda, sisteminin hiz1 sistemin spektrumu, imalat  sisteminin  bir bekleme | kareler destek vektor
JM., Ulloa, | bekleme hatti | dengede oldugunu | e Correlation hattindaki ~ pargalarin ~ zamanla | makineleri ile elde edilmistir.
JA., ele almmustir ve | gosterir. Fifo Dimension degisen ortalama sayisinin tahmini | Bu iki model esnek bir iiretim
2013 isleme alan1 ¢ | uygulanmuis. Her | o Lyapunov icin yapay sinir aglart ve vektor | sisteminden elde edilen
[56] tip parca ireten | makinede ¢aligma tisteli destek makinelerinin bir uygulamasi | kaotik diziyi tahmin etmede
jite farkli | siiresini tabloda ele alinmigtir. etkili oldugu ifade edilebilir.
makinelerden verilmistir. Elde edilen sonuglara gore, bu
olusturulur. Her sistemin davranigt bir adim
bir parca islem (bu 0.15 zaman birimleri)
sirasina  gore sonrasimin  tahmin  edilebilir
farkli sonucuna varilabilir.
makinelerde
yiiriitiilebilen
bir dizi
operasyona
sahiptir.
Dong M.A., Siparige ve | Talep ve iiretim | e Catallanma Gelistirilen tedarik zinciri | Uretici  gruplarmin  esnek
2014 stoga tiretim | miktari e Lyapunov modellerinin dinamik | tiretim imkanlari, tedarik
[10] stratejilerine degiskenlerinin katsay1si karakteristiklerini incelemek zincirinde kamg1 etkisinin
sahip  tedarik | olusturdugu e Giig spektrumu sebepleri ve  oOnlemleri
zinciri  kesikli | dogrusal — olmayan | o Korelasyon tartistlmagtir
modelleri kesikli dinamik boyutu
sistem
Hwarng H.B. | Bira dagitim | Zincirin t aninda i. | e Lyapunov Sistem dinamiklerinin kaos | e Stokastik ve deterministik
ve Yuan X, | modeli seviyesinde iistelleri karakteristiklerinde taleptiir, talepsiireci arasindakaotik
2014 beklenen talep talepsiirecivetedarik agidan ayrim vardir
[17] denklemi zinciridiizeyinde verimli etkilerini | e = Stokastiktalepsiiregleri
tammlanarak tedarik aragtirmak vedogrusal
zinciri kesikli olmayandinamiklerarasind
zamanda akietkilesimkarmagiktir
modellenmistir
LiT.ve Mal., Cift kanal | talep fonksiyonlari, | e Denge noktalari |e Denge noktalarinin yerel o Geleneksel kanalda fiyat
2014 Bertrand Oyunu | fayda fonksiyonlari | e Catallanma kararlilig1 incelemek gecikme karariin sistemi

modeli (ag ve
geleneksel
kanal)

iki bayiden 1.
miisteriye Urlinii
agdan ve
magazadan , 2.
sadece
internetten satig

ve 3 farkli durum
i¢in triin ~ fiyat
kararim veren kesikli
dinamik sistem
modellenmistir

teorisi

e Dinamik davramslari ve
ozellikleri tanimlamak

daha istikrarli kildig1
bulunmustur.

e Kaos ortaya ¢iktiginda,
pazar anormal diizensiz ve
ongoriilemez hale
gelmektedir.
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yaptig1 tedarik
zinciri modeli
Ma J. ve Wang | Iki ortak | Bayinin satis ve | e Catallanma Farkl karar kriterleri altinda 2 oyun | Perakendecininrekabet¢ikonu
H., 2014 olmayan toplama karlilig1 ile | diyagramlarn modeli gelistirmek ve bu ¢atallanma, | mununiyilestirilmesiile,
(noncooperative | imalatginin  bayiye | e En biiyiik kaos ve Dbaslangic degerlerine | kapali dongii tedarik zinciri
) oyun modeli: | ddedigi toplama | Lyapunov iisteli hassasiyet gibi dinamik olaylar1 | (CLSC) sistemininkaosa
Stackelberg transfer iicreti ve | (LLE) incelemek girmesidahakolay olacaktir.
oyunu modeli ve | imalat¢inin
peer-to-peer karhiligim1  veren 4
oyun modeli | denklemden olusan
gelistirilmistir. kesikli dinamik
Bir tiretici ve bir | CLSC sistemi
bayiden olusan | modellenmis
iiriin geri
kazanimli,  bir
kapali  dongii
tedarik  zinciri
(CLSC)
Ma J., Li, Q., | belirsiz talep ile | iki iireticiler | o giic belirsiz talebin altinda, Iki @ireticileri | tedarik inciri kaos durumunda
2014 riskten kaginan | arasinda  Bertrand spektrumu, ve ortak bir perakendeci ile bir | iken iki Greticinin ve tedarik
[57] tedarik oyunu ve lretici ve | e garip gekerler | riskten kaginan tedarik zincirinin | zincirinin kari azalacak ve
zincirinde  iki | perakendeci . catallanma dinamik karmagikligi ele alinmigtir perakendeci  hak  sahibi
tireticileri ve | arasindaki diyagramlari olacaktir. Tedarik
ortak bir | Stackelberg oyunu |4 | yapunov zincirindeki dalgalanma, fiyat
perakendeci de | ele alinmustir iisteli ayarlama hizinin kontrolii ile
dahil olmak kontrol edilebilir. ¢alismada
tizere  dinamik degisken geribesleme kontrol
Bertrand- yontemi, sisteminde kaos
Stackelberg kontrol etmek i¢in kullanildi.
fiyatlandirma
modelleri
kurulmustur
MaJ., Chen B., | Birkapalidongii | Her bir parendecinin | e Catallanma Kapali dongli geri doniisiim | Parametre ayarmni ve kaos
2014 tedarik attk  driinleri  geri | diyagramu alanindaki tedarik zincirinde kaos | kontrolii igin degisken durum
[58] zincirinde ¢ | doniisimli e Giig spektrumu kontrolii tizerine ¢aligilmustir. geri beslemeli kontrol
oligarsik miktari,yeni ve | o Maksimum stratejisi  kullanilmis  ve
perakendecileri ikinci el drinlerin | Lyapunov iisteli sistem kaosu etkin bir sekilde
n oyunu | fiyat fonksiyonlari, geciktirilmistir
modellenmistir her bir
perakendecinin
karmi veren
fonksiyonlar ile fiyat
ayar stratejilerini
gosteren
fonksiyonlar
verilerek kapali
dongii tedarik
zincirindeki it
oligarsik
perakendecinin
kesikli dinamik
sistemleri
matematiksel olarak
modellenmistir. ve
kaos kontrolii i¢in
dinamik sisteme bir
ayar parametresi
eklenmistir.
Goksu A., | Uretici, dagitict | Zhang ve | e Zaman serisi Tedarik zinciri yoOnetimi sistemi
Kocamaz U.E. | ve miisteriden | digerlerinin (2006) | o Faz kaos senkronizasyonu ve kontroliinii
ve Uyaroglu Y., | olusan 3 asamali | tanimlamis oldugu diyagramlar aragtirmak
2015 tedarik zinciri dinamik surekli ° Lyapunov
[33] modeli tedarik zinciri kararlilik
modeli teorisi
Sajid, M., | Sistem . Ortalama Uretim sisteminin esnek bir montaj | Ortalama Lyapunov fisteli
Almufadi, F., | davramsim Lyapunov hattinda kaotik davramglarini | pozitif oldugundan, zaman
Jahanzaib, M., tamimlamak igin iisteli incelemek serisi verileri ile yapilan
2015 montaj analizinden elde edilen sonug,
[59] sisteminin siireg

461




N.ACIKGOZ Academic Platform Journal of Engineering and Science 7-3, 449-466, 2019
Yazar(lar), Model Model Agiklama | Kaos Amag Sonug-bulgular
Yil Belirleme
Yontemi
ici islemleri kaotik davranigin sergilendigi
(wip) seklindedir.
sec¢ilmistir.
Esnek bir
montaj hattinda
kaos  varhigim
belirlemek i¢in
bir  algoritma
onerilmektedir
Demir, B., | Bu galisma, | Model, arz | e Lyapunov Bu g¢aligmanin amaci, "Kaotik | Bugday i¢in yiizde 0.5 hata,
Alptekin, N., | tarimsal arzi | dengesizligini ve iisteli Dinamik Analizi (CDA)" | arpa i¢in 5 yiizde hata ve
Kiligaslan, Y., | gelecekteki asir fiyat kullanarak, Tirkiye'de tarimsal | piring i¢in yiizde 2,5 hata ile
Ergen, M., | degerlerinin dalgalanmalarim dretimde kaotik yapinin varligini | 2010  yili  dretim  arzi
Caglarirmak tahmininde yeni | onlemek icin etkin incelemek ve tarimsal dretimin | Sngorilmistir
Uslu, N., 2015 bir model | politikalar iiretmeye dogru bir tahmini saglamaktir
[60] Onermektedir. yardimei olacaktir.
Iki modelin |e Lypunov Stackelberg oyun modelinde, toptan | Iki modelde, imalatginin ve
karmasik  dogrusal Usteli satig fiyatinin ya da dogrudan fiyatin | perakendecinin ayarlanan
Zhang F, Stackelberg olmayan dinamikleri Garip Ceker daha yiiksek ayar hizimn iiretici igin | parametrelere gore ortalama
Ma J. oyun modeli davranislar Catallanma dezavantajli  oldugunu, ancak | kari analiz edilir, toptanci
2015 Nash oyun | tizerindekikatsay1 ve Diyagrami perakendeci i¢in yararli oldugunu | fiyatinin Stackelberg
[61] modeli karar gostermekdir. modelindeki perakendeci igin
parametrelerinin daha avantajli fakat Nash
etkisi, sayisal modelindeki ireticiye gore
simiilasyon yoluyla avantajli  oldugu sonucuna
analiz edilir varilabilir.
Lou, W., Ma, J., | Sales game | Bir firetici ve bir . Catallanma Tedarik zincirindeki boga etkisini, | Gecikmis geri besleme
and Zhan, X. modeli geleneksel . Lypunov satig oyunu ve tiiketici geri doniisleri | kontrol yonteminin
(2016). perakendeci ve bir iisteli ile entropi ve karmagiklik teorisi ile | yardimiyla, online
[62] online perakendeci . Kaotik analiz etmeye ve sistemin kaotik | perakendeci sistemi kontrol
dahil olmak tizere iki Ceker halini kontrol etmek i¢in gecikmis | edebilir, istikrarli bolgeyi
perakendeciden . Entropi geri  bildirim kontrol yo6ntemini | genisletebilir ve boga etkisini
olusan bir tedarik Diyagrami almaya adadik etkili bir sekilde azaltabilir
zinciri sistemi
iizerinde calistyoruz.
Junhai Ma and | iki Asamalr | Sistemin istikrarinin |e Giig Amacimiz sistemin ~ karmasik | Bu c¢alisma, gecikmenin
Fengshan Si Gecikmeli fiyat istikrarini spektrumu, dinamik 6zelliklerine gecikmenin ve | degismesinin, sisteme
2016 Siirekli Bertrand | saglamak ve firma Kaotik ¢eker agirligin etkisini arastirmaktir istikrarli  bir  durumdan
[63] Duopoly Oyun | karii saglamak igin |e Bifiirkasyon istikrarsiz duruma yol
Modelinin gecikme ve agirliga diyagrami acacagini, bunun da fiyatlarda
baglh oldugunu, |e Lyapunov biiytik bir dalgalanmalara
firmalarin makul {issii neden olacagim ve karlarda
bolgedeki e 3D yiizey diisiise  neden  olacagim
parametreleri semast, 4D gostermektedir.
kontrol etmesi Kiibik
gerektigini Semast, 2D
gosterilmesi. parametre
Han, Z., Ma, J., | Hidroelektrik Karar verirken hem |e Catallanma Aragtirma, sistemin karmagikhig1 | Isletmelerin piyasa istikrarim
Si, F., and Ren, | pazarinda ¢ift | mevcut hem de Diyagrami iizerinde zaman gecikmesi | korumaya yonelik karar alma
W. (2016). gecikmeli  bir | tarihsel ciktilart |e Lypunov parametresinin etkisine | kurallar1 incelenmis.
[64] ikili oyun | dikkate alan Usteli odaklanmustir.
modeli isletmeler ic¢in bir |e  Zaman Serisi
oyun modeli |o  Kaotik Ceker
olusturulmus.
Junhai Ma and | Dinamik Cok kanalli tedarik Catallanma Cok kanall1 tedarik zincirinde tiretici | Birinci olarak,
Wandong Lou | fiyatlandirma zincirlerinin ~ boga Dyagrami ev halkina kullanish bir yonetim | hem ev aletleri {ireticisi hem
2017 oyununa etkisini, envanter Lypunov Usteli | stratejisi olusturmak. de perakendeci
[65] odaklaniyor politikasimt  siparis Zaman Serisi perakende kanallarini uygun
birden fazla | bazinda da bir fiyatla yonetmeli
internet kanali | arastirtyoruz. istikrarli bolgede ayarlama
ile cihaz tedarik hiz1 ve bunlarin her biri
zinciri ve ¢ok fiyatlandirma kararlar cazibe
kanallilarin alanini asamaz.
lineer olmayan ikincisi, ikinci olarak, iiretici
ozelliklerini bogalar azaltmak istiyorsa
arastirir etkisi, onlar daha radikal bir

fiyatlandirma
benimseyebilirler

stratejisi
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Internet  kanali  Ugiincii
olarak, perakende {iizerinde
geri bildirim kontroliidiir.
Junhai Ma ,1 | Kapal1 déngii | .Birireticidenvebir |¢  Catallanma Oyun taraflar1 arasinda, oyunun | Profesyonel hizmetler sunan
Hao Ren, Miao | tedarik  zinciri | ugiinci sahistan Diyagrami kolektif cikarlarini en st diizeye | azsayida kiigiik geri doniisiim
Yu 1 and | modeli Dinamik | olusan gift kanalli o  Lypunov Usteli cikarmak ve ilgili tedarik zinciri | Uriinii de geleneksel pazarda
Meihong Zhu Oyun Modeli geri doniisiimlii |o  Kaotik Ceker koordinasyon mekanizmasinin | belirli bir etki
2018 kapal devre tedarik lo  Kolmogorov kurulmasi  igin  bir  igbirligi | yaratabilir.Kaotik durumda
[66] zinciri modeli Entropisi mekanizmasi kurmak. daha fazla veriye ihtiyag
duyuluyor.Baglangig
kosullar1 degisince ¢ok fazla
ihtimal ortaya cikiyor.
Hamid Norouzi | Karmagik ve | Iki siparis politikasi f¢  Faz diyagrami Dort senaryo SCN'de daha az yogun kaotik
Nav Dogrusal vardir: piiriizsiiz |¢  Lypunov iisteli agin kaotik davranigint modellemek | davramigla bu  politikaya
Mohammad olmayan siparis politikasi ve ¢  Zaman serisi ve analiz etmek i¢in tasarlanmig uygundur.
Reza Jahed | dinamik tedarik | yeni bir politika Envanter ayarlamasi
Motlagh zinciri modeli orantill tiirev parametresi Onemli bir i¢
Ahmad Makui kontrolore gore karar degiskenidir.
2018 tasarlandi ve envanterin kontrol
[67] edilmesinde 6nemli bir rolii
vardir.
Jianwei Chang | Stackelberg Bu c¢aliyjma, bir |¢ Catallanma Yeneden iiretilecek olan iriiniin | Bu g¢alisma, yeniden iiretime
and Liuwei | Game Model- tiretici ve  bir Diyagrami iiretici ve perakendecisini dinamik | giren uriinlerle ilgili tretici
Zhao 2018 Dynamic perakendeciden e Lypunov Usteli | oyun modeliyle kaotik yapisini | firma ve bir perakendeciden
[68] Cooperative olugan yeniden incelemek. olusan tedarik zinciri
Game Models tiretim liretim mekanizmasi hakkinda
sistemi  igerisinde derinlemesine bilgi
tedarik zincirine saglamistir. Bu nedenle bu
odaklanmustir. calisma, stratejik kararlarin
uygulanmasi igin politika
yapicilar,  tedarik  zinciri
yoneticileri ve karar vericiler
i¢in yararl bir kilavuz goérevi
gorecektir. .
Giiltekin Cagil, | Uretici, dagitict | Modelde ii¢ durum |e  Faz portresi Tedarik zinciri sisteminde 6zellikle | Miisteri sadakatinin artmasi,
Neslihan ve misteriden | degiskeni e Zaman Serisi talep kaotik yapinin
Acikgoz, 2018 olusan 3 agamali | tanimlanmistir: talep denklemine eklenen yeni terimin, | azalmasini ve sistemin kararli
[69] tedarik  zinciri | (x), stok (y) ve sisteme ¢ok duruma
matematiksel uretim miktar katmanli kaotik davramigin | yaklagmasini saglamaktadir.
modeli (2). incelenmesi.

SONUC VE DEGERLENDIRME (CONCLUSION AND
EVALUATION)

Tedarik zinciri, birgok varlik ile bunlar arasindaki
etkilesimden olusan dinamik ve karmasik bir yapiya sahiptir.
Bu yap1 igerisindeki g¢esitli belirsizlik ve degiskenlik
kaynaklar1 sistemin kestirilemez olmasina sebep olmaktadir.
Ozellikle imalat, tasima, depolama fonksiyonlar: icerisinde
barindirdig1 yiiksek degiskenlik nedeniyle uzun doéngi
stirelerine, silire¢ i¢i is diizeylerinin artmasina, israfa ve
verimlilik kaybina sebep olmaktadir. Degiskenlik kaynaklar1
is istasyonlar1 veya operatorlerin iglem siireleri olabilecegi
gibi bunlara bagl olarak olusan is istasyonlarindan gelen
irtinlerin gelisler arasi stireleri, kuyruk siiresi seklinde
orneklenebilir. Degiskenligin en sik nedenleri; operatorler,
makineler ve malzeme farkliliklar1 nedeniyle olusan dogan
degiskenlikler, makine veya operatorlerin ani servis disi
kalmast durumu, makine hazirlik siireleri olarak
goriilmektedir. Boyle bir sistemin belirsizlik durumu ile
kars1 karsiya gelmeden, kontrol altina alinmasi bilyiilk nem
kazanmaktadir. Bu da kaos teorisi bakis agis1 ile miimkiin
olabilmektedir. Kaos teorisi, kullanilan farkli yontemler ile
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kaotik, yar1 kaotik, periyodik durum tespiti yapmayzi; sisteme
kontrol parametreleri ekleyerek farkli durumlarda sistem
davraniglarini tespit etmeyi saglamakta ve sistem belirsizlige
girmeden uygun tedbirler alinmasina yardimeci olmaktadir.
Boylelikle zaman, para ve isgiicii kayiplarinin 6nlenmesi
saglanmig olacaktir.

Yapmis oldugumuz Tedarik Zincirinde Kaos: Bir Literatiir
Taramasinda,1989-2018 yillar1 arasindaki tedarik zincirin
kaos galismalarinin modelleri, kaosu belirleme yontemleri
arastiritlip makalede tablolar seklinde verilmistir. Ayrica
makalede kaosu belirleme yontemleri incelenmistir. Bu
farkli modellerdeki kaos belirleme yontemlerinden en gok
kullanilanlarindan  bazilari; lypunov {isteli, ¢atallanma
diyagramlari, zaman serileridir.

Literatiirde Tedarik zincirinde kaos uygulamalar1 {izerine
yapilmis  makalelerin/tezlerin ~ dort  farkli  grupta
toplanabilecegi ortaya cikmistir. Bunlar:1)Talep tahmini,
stok yonetimi, dagitim, {irlin tasarimi gibi zincirin tamamini
etkileyen temel fonksiyonlardaki karmasikligin kaos bakis
acisi ile yorumlanmasi ve anlamlandirilmasi; 2) Farkli
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sekilde modellenmis tedarik zinciri sisteminin dinamik
davraniglarinin incelenmesi; 3) Tedarik zinciri yonetimi
sistemi  kaos senkronizasyonunun ve kontroliiniin
arastirilmasi; 4)Bir tedarik zinciri yonetim metodolojisi
olarak kaos teorisinin kullanilmasi seklindedir. Bununla
ilgili ¢alismalarin bir &zet tablosu makale igerisinde
sunulmustur.

Bu alanda yapilmig ¢alismalarda farkli sekilde tasarlanmis
tedarik zinciri sistemleri, basit bir imalat sistemi, i§ istasyonu
veya atblye modellemek amaciyla mevcut verileri
kullanarak yukarida bahsi gecen farkli kaynaklara ait
dinamik davranislar; ¢atallanma diyagrami, faz diyagramu,
lyapunov iisteli gibi ¢esitli yontemler ile ortaya konulmustur.
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Understanding the reason behind the emotions placed in the social media plays a key role to learn mood characterization of any
written texts that are not seen before. Knowing how to classify the mood characterization leads this technology to be useful in a
variety of fields. The Latent Dirichlet Allocation (LDA), a topic modeling algorithm, was used to determine which emotions the
tweets on Twitter had in the study. The dataset consists of 4000 tweets that are categorized into 5 different emotions that are
anger, fear, happiness, sadness, and surprise. Zemberek, Snowball, and first 5 letters root extraction methods are used to create
models. The generated models were tested by using the proposed n-stage LDA method. With the proposed method, we aimed to
increase model’s success rate by decreasing the number of words in the dictionary. Using the multi-stage LDA (2-stages:70.5%,
3-stages:76.375%) method, the success rate was increased compared to normal LDA (60.375%) for 5 class.

Keywords: Topic Modeling, Latent Dirichlet Allocation, Natural Language Processing, Emotion Analysis

1. INTRODUCTION

Topic modeling determines the semantic structure of a text
document. This method can organize and summarize the
large-size text document [1]. Topic probabilities in a topic
model provide a explicit indication that the document is
understandable. This method can be successfully used in
many areas like automatic document indexing, document
classification, subject discovery and tendency analysis [2].
While the topics in the model are calculated as a probability
distribution over the words; text documents are also
calculated as a probability distribution over the topics [3].
Social medias have become more effective in many areas
than communication. Users can share their thoughts and
experiences about any subject through social medias such as
Facebook. Those platforms can be also utilized for variety of
purposes such as streaming news [4]. Emotion analysis is
one of the most commonly studied social media research
topics. Examples of positive and negative comments related
to a shared topic such as identifying users' moods and ideas
in the community are the examples of emotional analysis
studies [5]. Additionally, emotion analysis is composed of 3
underlying topics that are document-based, sentence-based
and feature-based. Classification of the document as positive
or negative is called document-based. Sentence-based
emotional analysis is performed for each of the sentences in
the document. According to the emotional expressions that

characterize the features of the document, the classification
as positive or negative for these features is defined as feature-
based emotional analysis [6].

Throughout our literature survey, we mostly focused on
articles that study text mining. Roberts et al. [7] studied
emotion analysis in English based tweets where they
benefited the LDA algorithm to extract the features.
Celikyilmaz et al. [8] applied the LDA model to a question
answering system. The similarity score between question
and candidate answers was performed by LDA. Celikyilmaz
et al. [9] studied a semantic process to understand speech.
They also used secret N-gram clustering and semi-
supervised LDA methods to learn the semantic structure of
the speech comprehension system. The issue obtained by the
developed LDA method has added an additional constraint
to the learning model for the semantic structure. Paroubek et
al. [10] completed a linguistic analysis of the collected
document. After the feature extraction with the N-gram
method, they created an emotion classifier that determines
positive, negative and neutral emotions considering a whole
document. They also used subject modeling methods to
extract system features. Lin et al. [11] simultaneously
developed product features and emotional expressions from
cinema interpretations with the Joint Sentiment topic model
that is based LDA method. Chatterjee et al. [12]
implemented the Foreground Background Dice-LDA and
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Reason Candidate and Background-LDA methods of the
LDA for extracting topics from Twitter data; Senti Strength
and semi-supervised Support Vector Machines are used for
classifying emotions. Feuerriegel et al. [13] used the LDA
method to remove the issues in the financial news where they
also determined the impact of these issues on the German
stock market. Mihalcea et al. [14] classified news headlines
with their developed structure. This developed structure was
used to find the link between emotions and words. Coban et
al. [5] proposed a method for analyzing the emotions in
Turkish tweets. They tested the proposed system by using
different feature extraction models and classifiers. They
found that the success rate of emotion classification
increased by 26%. Colace et al. [15] proposed a new emotion
analysis approach to weighted word pairs obtained by using
the LDA method in their work. In the proposed method, they
aimed to determine a graphical model with a positive and
negative attitude and a word based approach. Onan [16]
assessed the predictive performances of the machine learning
classifiers in emotion analysis by effectively representing
Turkish tweets through LDA-based subject modeling.

There are many topic modeling methods for emotion
detection. In this paper, we took the advantage of the LDA
algorithm for detecting emotions detection stated in Turkish
tweets. The algorithm has been developed to be n-stage for
better emotion detection. Two and three stage developed
with LDA method was compared with the tweets represented
based on LDA in this paper.

In the second part of the paper, we will be detailing the
dataset, preprocessing methodologies we experiment during
our study. In the third part, we will present the empirical
studies and their results on emotion analysis. Last but not
least, the fourth part will criticize the results of the
experiments.

2. MATERIALS AND METHODS
2.1. Latent Dirichlet Allocation Algorithm

LDA is a probabilistic topic modeling method that generates
words and weights for a number of topics from a set of
documents. In the LDA method, the text document is defined
as the unified form of the subjects. On the basis of the
method, the text has a probability distribution on the words,
and the text documents have a probability distribution on the
topics. Every subject has a distribution on the fixed word
array [17]. The model aims to determine the basic structure
of the subject with the words and weight values obtained
from the observed dataset. The words in the documents are
observations in the system.

LDA is an effective unsupervised learning method that is
used to find topics in text documents. This method models
each document as a mixture of each topic with a multi-term
distribution over the words. The topic and topic-word
distributions of the document learned by LDA define the best
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topics for the documents. Also these distributions determines
the most distinct words for each topic [18].

In LDA algorithm, all words in each document are randomly
assigned topic. After random assignment, various statistics
are extracted with this information. While local statistics are
showing how many words are assigned to topics in each
document, global statistics show how many words are
assigned to each subject for the entire document. After the
statistical information is obtained, the assignment of each
word to each document is re-done. For this, the existing
vocabulary is also updated.

Nk +a 1
N;—1+Ka )
The assignment of the words to the topics is calculated by
looking at the relation of the document to topics (1). ny,
value indicates number of words assigned to the topic k in
the new i. N; is the total number of words in the document.
The reason for subtracting 1 from value is to ignore the used
word. a value gives the distribution of topics in documents.
K value is also number of specified topics.

The number of topic K is determined by the coherence value
that is the subject modeling criterion in the system.
Coherence value measures the similarity of the words.
Additionally, it provides the topic number to be selected. The
k value that is the value of the highest outcome is selected as
the number of topics among the coherence values calculated
for the topic numbers mentioned above [19].

n +

word,k ﬁ (2)
ZWEV Nk + VB
In the method, secondly, it is calculated how much each word
is related to the topics. The calculation yields the weight of
each word in the topics. In Equation (2); ny,,rqx indicates
the number of times the current word is assigned to the k.
topic in the entire document. The value of B gives the
distribution of the words in the text. V is the size of the
dictionary created from all the words in the dataset. By
multiplying the values obtained by Equation (1) and (2), the
probability of assigning the current word to the topic k is
calculated. The values are recalculated throughout the
number of all documents. The topic of the highest value is
determined as the new topic of the word. The same
operations are applied to every word of all the documents in
the dataset to find the topics of the documents [20]. Updating
the topics continues until the number of iterations specified
in the system is satisfied. After having the topic distribution
of the words, a document-term matrix is formed to extract
the model of the system. By calculating the word weights
with this matrix, weights of the words are obtained [21]. In
the proposed method, the number of words in the dictionary
of the entire document is reduced by the threshold value
calculated using words and weights. This n-stage method
aims to increasing success by weighing with less word at
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every step. This n value may vary depending on the size of
the dataset in the system.
The LDA structure is shown in Figure 1. Random variables
are indicated by nodes. Possible connections between nodes
are represented by using edges. In the Figure 1;

e o represents the topic distribution per document.
f represents the word distribution per topic.
O shows the topic distribution for a given document.
z is an assigned topic for each word.
w is an observed word.

Figure 1. Latent Dirichlet Allocation structure [22]

As we infered from the structure in Figure 1, the a and
parameters are sampled once as the system is initialized. The
© parameter is sampled for each document in the system
[22].

2.2. Dataset

Dataset is composed of Turkish tweets that are collected
using the Twitter API. Instead of collecting all Turkish
tweets, we applied a filtering that seeks at least one emotion
expression (happiness, surprise, and etc ) in a tweet. With
this approach, we canceled out the redundant tweets. The
dataset consists of five different emotions that are happiness,
sadness, surprise, fear, and anger. We collected 800 tweets
for each emotion. Two different datasets were created for use
in training. These datasets are consist of 3 and 5 class labels
respectively. Anger, fear and happiness labels are used for 3
class. Datasets contain 2400 tweets for 3 class and 4000
tweets for 5 class. 80% of the dataset was used for training
and 20% for testing.

2.3. Preprocessing

Firstly, the punctuation marks are deleted in the tweets in the
Turkish dataset. Then, all the tweets in the dataset are
converted to lowercase. Since Turkish characters are faulty,
non-English letters are translated into lowercase in the code.
The very common stop words are removed from the tweets.
Additionally, a list was created with meaningless words for
emotions. The words in this list are removed from the tweets.
Three different methods were used to find the roots of the
words. Datasets were given for each of them with the names
DB, DBg and DBs;

e DB,: The roots of the words were obtained by using
the Zemberek library. This dataset was created of
words including names, adjectives, verbs and
reactions [23].
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e DBs: The roots of the words were obtained by using
the Snowball stemmer library. The first 5 letters were
taken as root for those whose root length was longer
than 7 characters [24]. The remaining words weren’t
changed.

e DB:: The first five letters of the words in dataset
were taken as the root, and dataset was created.

Keske hi¢ havatunda olmasaydi dedifim ok insan var, onlar igin
Azaldiigime pigmanim

Zemberek (DB -): keske hig havat ol de gok insan var onlar igin fiziil
pigman

Snowball (DB;): keske hig hayat olmas dedik ¢ok in var on ig Giziildiik
pigima
Get the first 5 letters as root (DE:): keske hic hayat olmas dedig ok
insan var onlar igin {iziild pigma

Figure 2. An example tweet for root tools

Figure 2 shows updated version of the sample text with root
finding tools. According to the figure, DB, is promising
since it outputs the results that can be interpreted easily as
the morphological analysis of Turkish. Words in DB and
DB have suffixes, thus some words have lost their meaning.

2.4. n-stage Latent Dirichlet Allocation

In order to increase system success, n-stage method is
developed for LDA algorithm. The reason why we called the
proposed system as n-stage is that the size of the dataset used
in the system, or the amount of word associated with the
topic in the tweets are dynamic. Figure 3 shows the steps of
the method.

Obtaining words and weights of topics with classical LDA
5-
Calculation of threshold value ‘

L o
Deletion of words that have a weight less than the threshold value in the
topics
& n-stage

for each topic

Create a new dictionary with the remaining words

-

Remodeling of the system with LDA according to the generated
ictionary |

b

Measurement of success and classification

Figure 3. Structure of developed n-stage LDA method

We can explain the steps shown in Figure 3 as follows.
Firstly, a threshold value is calculated for each topic from the
words’ weights in topics. Threshold value is obtained by
proportioning total weight value of words belonging to topic
to total number of words. This value is calculated for each
topic. Then words with weight value less than threshold
value for each topic are removed. Thus new dictionary is
created with remaining words. Finally, system is re-modeled
with LDA according to new dictionary.

Also, this method intended to reduce the number of words in
the dictionary of the entire document. The reason why we are
reducing the number of words in the dictionary is that words
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with low weight in the model cause misclassification. Table
1 shows the number of words in the dictionary for the entire
dataset. As the number of stages increases, it is clear that the
number of words is decreasing in the dictionary.

Table 1. As the stage increases, the number of words in the
dataset
Stage\Dataset

DB, DB DBg
1-stage 2208 4043 4291
2-stage 359 593 443
3-stage 309 168 149

As stage progresses, the number of words in dictionary
decreases. Therefore, the weight values of remaining words
change. Table 2 shows change in weight value of a sample
word as stage progresses. As you can see, the weight value
of word is increasing. Thus, class label of topic can be
determined more easily.

Table 2. As the stage increases, the weight value change of
the 'kork' word related to fear

Stage Word Weight Value
1-stage 0.132
2-stage 0.343
3-stage 0.688

2.5. Programming Language and Platform

The study was developed with the Python! programming
language. All processes such as preprocessing, read the
datasets, development of the method were applied in the
Python programming language.

Visual Studio program with plugin was used as the platform.
In addition, Java platform was used for the Zemberek library
just.

3. EXPERIMENTAL RESULTS

The number of studies done with Turkish emotional data is
rather small. Datasets are often labeled as positive, negative,
and neutral in related studies. Also, the datasets used in the
literature aren’t accessible. Therefore, developed model is
compared only with classical LDA. LDA is an unsupervised
method. n-stage LDA has been developed to increase the
success of the system.

After applying pre-processing steps to datasets, coherence
values are calculated for 3 and 5 class of generated DB, DB
and DBs datasets. 10 coherence values are calculated for
each dataset. The value we use to train our system is topic
number of the highest coherence value. For example,

! https://www.python.org/

470

Academic Platform Journal of Engineering and Science 7-3, 467-472, 2019

coherence value and topic number found for DB, are given
in Table 3.

Table 3. Number of topics with the highest value by emotion
number (for DB,)

Emotion Coherence Topic
Number Value Number
3 0.4998 9
5 0.484 20

The system is modeled with a specified topic number. Thus,
a set of words and weight values are formed for each topic.
Most appropriate class label is assigned according to words
and weights. Table 4 shows examples of class labels
assigned to topics. For example, topic 6 contains mostly
sadness words. So, the label was assigned as sadness.

Table 4. Example of assignment of topic class labels
Words and Words’> Weights Labels

'0.132*"kork" + 0.052*"nefret"+
0.032*"korku"+ 0.016*"hediye" +

2 o Fear

'0.132*"'scare" + 0.052*"hate" +
0.032*"fear" + 0.016*"gift" + ...
'0.091*"sinir" + 0.076*"kafa" +

0.044*"irkil" + 0.042*"yiyecek"

4 o Anger
'0.091*"anger" + 0.076*"flip" +
0.044*"blench" + 0.042*"out"+ ...
'0.235*"mutsuz" +
0.113*"hiiziin"+ 0.031*"hasta" +
0.023*"tath" + ...

6 Sadness
'0.235*"unhappy" +
0.113*"sadness"+0.031*"sick"
+0.023*"sweet" +...

'0.161*"yasa" + 0.103*"giinii"+
0.058*"dogum" + 0.046*"kutlu"

Topics

+ ...

14 Happy
'0.161*"hooray" + 0.103*"day" +
0.058*"birth" + 0.046*"blessed™ +
'0.201*"hayret" + 0.188*"sasir"+
0.162*"saskin" + 0.051*"aaa" +

17 Surprise

'0.201*"wonder"+0.188*"surprise"
+ 0.162*"confused" + 0.051*"aaa"
+...
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The success of the system constructed with LDA is reduced
by increasing class number. Table 5 shows success of LDA
for each dataset of 3 and 5 class.

Table 5. LDA's success compared to the root finding
methods used

Emotion

NS;‘::eft\ DB; DB, DB
3 58 65.83 51
5 48.75  60.375 47

In order to increase the system's success, n-stage method is
proposed for LDA algorithm. Word count in dictionary is
reduced at each stage. Value of n in the method can vary
according to size of the dataset. The process to be applied
with increase of n is determined by threshold values of
topics. Then a new dictionary is created with words that
weigh more than the threshold value. The total word count
in newly created dictionary is about 1/3 of previous one.
Coherence values are re-calculated for 3 and 5 class, after
topic numbers are re-determined. Table 6 shows results
obtained when the system is re-modeled with two-stage LDA
(2-LDA).

Table 6. The success of the system with the 2-LDA

algorithm
Emotion
Number \ DB: DB, DBq
Dataset
3 68.5 80.83 74.375
5 67.375 70.5 56.875

System is re-modeled with a three-stage LDA (3-LDA) by
selecting best resultant DB, dataset in two-stage LDA (2-
LDA) method. For the third stage, new dictionary is created
as before. Thus, word count in new dictionary is decreasing
by half. Topic numbers for 3 and 5 class are determined by
re-calculated coherence values. Table 7 shows system's 3-
LDA model success and its comparison with 2-LDA model.

Table 7. 2-LDA with 3-LDA success comparison

Emotion
Number \ 2-LDA (%) 3-LDA (%)
Model
3 80.83 81.5
5 70.5 76.375

Table 7 shows the positive effect of developed n-stage LDA
method. As n value increases, success rate increases linearly.
For 3 class, success of 3-stage LDA method increased by
approximately 1% compared to 2-stage LDA. For 5 classes,
this increase is approximately 5%.
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4. CONCLUSION AND DISCUSSION

In the study, it was used with LDA, which is a topic modeling
algorithm, to detect emotion of the tweets in social media.
Success of classical LDA method was compared with
developed n-stage LDA. System success is increased
between 10% and 15% in two-stage LDA method according
to classical LDA method. When three-stage LDA method is
applied, success rate is increased between 1% and 6%
according to two-stage LDA.

Decreasing the word count in dictionary is the most
important reason for increase in success. In this process,
words with weight less than threshold value are removed
from dictionary. Thus, as stage increases, weights of related
words increases. This allows us to easily assign emotion
labels to topics. For example, there are about 2700 words in
classical LDA dictionary, while word count drops to 350 in
two-stage LDA dictionary. Also, this count drops to 170
word in three-stage LDA. The n value in the method can be
increased according to size of the dataset. It is reasonable to
increase n stage, if word in tweets is less than emotional.

In our next topic modeling studies, we can use n-stage LDA
algorithm to detect the music track, determine the effect on
products of messages written in social media, find out which
author wrote the text, find the correct answer in the question-
answer systems.

In addition to developed method, a labeled dataset can be
obtained from the word’s weights in the topics, and we can
also measure success rate in the classification algorithms.
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Oz

Son yillarda yazilim, donanim ve algoritma konularinda biiyiik gelismeler meydana gelmistir. Teknolojide yasanan bu gelismeler
sensor teknolojilerini de etkilemistir. Baglangicta bir oyun cihazi olarak piyasaya siiriilen Kinect sensor gerek arastirmacilar
gerek gelistiriciler tarafindan biiyiik ilgiyle karsilanmistir. Kinect sensor literatiirde farkli alanlarda farkli amaglar igin
kullanilmigtir. Kinect sensérden alinan tiim veriler Microsoft tarafindan gelistirilen Yazilim Gelistirme Kiti (YGK) ile
gelistiricilere iletilmektedir. Kinect sensorii sahne karmagikligina gore degismek iizere normal durumlarda her saniyede 240 bin
ile 270 bin nokta verisi tiretmektedir. Bu ¢alismanin amaci Kinect uygulamalari i¢in veri transfer platformu tasarlanmasidir.
Gelistirilen platform istemci sunucu mimarisi tizerinde ¢aligmaktadir. Cevrimi¢i ve gevrimdisi haberlesme durumlara uygun
farkli senaryolar barindiran platform, ayn1 zamanda bir dizi filtreleme ve sifreleme algoritmalarin1 da sunmaktadir. Platformda
2D/3D goriintii ve nokta bulutu isleme i¢in bilyiik 6lgekli, agik kaynakli bir proje olan Nokta Bulut Kiitiiphanesi (NBK)
kullanilmistir. Istege bagh olarak VoxelGrid (VG) Filtre, Outlier Filtre, Histogram Tabanli Kosullu Filtre, Octree-tabanli
Sikistirma ve PGP Sifreleme yontemlerini de barindirmaktadir. Ayrica Kinect uygulamalarina 6zel bir veri yapisi da
gelistirilmistir. Cevrimi¢i haberlesme i¢in WebRTC ara katman yazilimi kullanilmigstir. Tiim bu asamalar sonucunda gereksiz
veri noktalar1 temizlenmis, sikistirilmig, giivenli hale getirilmis ve gelistirilen veri yapisina uygun veri paketleri elde edilmistir.
Filtrelemeler sonucunda % 19.96 sikistirma orani elde edilmistir. Istege bagl tasarim sayesinde uygulama veya istemci bazli
filtreleme saglanmustir. Filtrelemeler sonrasinda uygulanan dosya sikistirma yaklasimi ile % 10.38 oraninda dosya sikistirma
sonucu da elde edilmistir. Sunulan platform aragtirmacilar ve gelistiriciler tarafindan kullanilan Kinect uygulamalarinda
performans saglayacaktir.

Anahtar Kelimeler: Kinect, Veri Transferi, Servis Tabanl Platform, Veri Yapisi.

Data Transfer Platform Design for Kinect Platform for Kinect Applications
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Abstract

In recent years, software, hardware, and algorithms have come to fruition. These developments in technology have also affected
sensor technologies. The Kinect sensor, initially marketed as a gaming device, has been met with great interest by both
researchers and developers. The Kinect sensor has been used in different areas in the literature for different purposes. All data
from the Kinect sensor is transmitted to developers through the Software Development Kit (SDK) developed by Microsoft. The
Kinect sensor produces between 240 and 270 thousand points per second in normal conditions, depending on scene complexity.
The purpose of this work is to design a data transfer platform for Kinect applications. The developed platform works on client
server architecture. The platform, which has different scenarios for online and offline communication situations, also offers
several filtering and encryption algorithms. The platform uses the Point Cloud Library (PCL), a large-scale open source project
for 2D / 3D image and point cloud processing. VoxelGrid (VG) Filter, Outlier Filter, Histogram Based Conditional Filter, Octree-
based Compression and PGP Encryption methods are also available on request. In addition, a special data structure has been
developed for Kinect applications. WebRTC middleware software is used for online communication. Thanks to all these steps,
unnecessary data points have been cleaned, compressed, secured and data packages suitable for the developed data structure
have been obtained. Because of the filtering, a compression ratio of 19.96% has been obtained. Application-based or client-based
filtering is provided through custom design. A file compression result of 10.38% has been obtained with the file compression
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approach applied after filtering. The presented platform will provide performance for Kinect applications used by researchers

and developers.

Keywords: Kinect, Data Transfer, Service Based Platform, Data Structure.

1. GIRIS

Son yillarda bilgisayar bilimlerinde, donanimlarda,
algoritmalarda ve  yazilimlarda  biyiikk  gelismeler
yasanmistir. Bu  gelismeler neticesinde hayatimizda

kullandigimiz cihaz ve sensor sayisindaki artis ile dijital ve
elektronik igerik boyutlar1 artig géstermistir. Bu sayede
gelistirilen teknolojiler bilgisayarlarla etkilesimlerinde yeni
yontemler gelistirdikge, makineleri kullanma hedeflerimiz
de onemli Olgiide degismistir. Teknolojide yasanan bu
gelismeler ve kullanim degisimleri sensor teknolojilerini de
etkilemis ve Microsoft Kinect kameralar1 [1] piyasaya
striilmutstiir. Temelde bir oyun cihazi olarak Microsoft
tarafindan gelistirilen Kinect sensorii piyasadaki ilk
goriiniimiinden bu yana, ¢ok diisiik maliyetiyle birlikte bir
Ol¢tim aract olarak kullanildiginda ve yiiksek potansiyeli ile
aragtirmacilarin ilgisini ¢ekmeyi basarmistir. Kinect sensor
kullanilarak ¢esitli alanlarda uygulamalar incelenmis ve
gelistirilmistir.

Ornegin tibbi alanda Kinect sensoriiniin kullanilmast,
fiziksel rehabilitasyon testlerini gerceklestirmek ve kisinin
yiiriime parametrelerinin incelenmesi i¢in kullanilmigtir [2-
4].

Isyerindeki giivenlik konulariyla ilgili olarak, Kinect
sensoOriinii  igyeri  ergonomisi  degerlendirmelerinin
gerceklestirilmesi igin taginabilir bir 3-D hareket yakalama
sistemi olarak kullanma olasilig1 incelenmistir ve goriintii
isleme teknikleri ve derinlik bilgileri kullanarak insaat
is¢ilerini takip etmek i¢in kullanilmstir [5, 6].

Mimari alanda, sanal ortamda uygulama i¢in bir nesnenin ti¢
boyutlu bir modelini hizla olusturmak i¢in Microsoft Kinect
sensoriiniin kullanimi degerlendirilmistir [7].

3D tarama alaninda, Kinect sensoriiniin gorevleri yerine
getirmek i¢in nispeten ucuz ve erisilebilir bir alternatif
oldugu kanitlanmigtir. Bunun baglica nedeni, kolayca
islenebildigi ve birgok uygulama i¢in kabul edilebilir bir
dogrulukla ger¢cek zamanli olarak 3D gosterimleri
olugturabilmesidir [8].

Bu alandaki uygulamalar, arkeolojik alanlarin 3 boyutlu
temsillerini yeniden inga etmek igin bir prototipten [9],
artirilmis  gerceklik  simiilasyonlart  ve fizik tabanli
etkilesimlere izin veren bir dizi Kinect sensériinden
olusturulan i¢ mekan sahnelerine kadar degismektedir [10].

Robotik alaninda da ¢ok fazla sayida Kinect g¢aligmasi
yapilmistir. Insan operatdriiniin  hareketlerini  temas
etmeksizin iki robot manipiilatoriine iletmesine izin veren
Kinect bazl bir ydntem sunulmustur [11]. Bir insan-Makine
Ara yiizii olarak bir Kinect sensoriinii kullanarak bir
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endiistriyel robotun kontrol edilmesi ve izlenmesi, ¢cevrimici
programlamanin bir konsepti ve uygulanmasina dair bir
caligma sunulmustur [12].

Ara¢ kontrol sistemlerinin gelistirilmesi ve yOnetilmesi
alanlarinda da Kinect sensoriine tabanli caligmalar ve
aragtirmalar yapilmigtir. Bu alanda yapilan bir ¢aligmada,
Microsoft Kinect sensorii, otonom bir tasit aracina eklenen
bir bilesen haline getirilmis ve i¢ mekanlarda gezinmeyi
optimize etmek ve bir robotun bunu basarili bir sekilde
yapmasina yardimci olmak i¢in atalet l¢tim birimi gibi diger
sensorlere entegre edilmistir [13]. Bir diger ¢alismada, hizimi
ve tutumunu dogrudan kontrol etmek igin bir mobil robot
tizerinde bir Kinect sensorii ile insan hareketinin bir izleme
kontrol sistemi gelistirilmistir [14]. Mobil bir robotun renkli
isaretleri tanimasi amaciyla saglam, adaptif ve Ogrenme
yaklasimi igin Kinect-tabanli rehberlik ve
konumlandirmasini gelistiren bir ¢alisma da yapilmigtir [15].

Bir diger arastirmada Kinect sensorii, dinamik ortamlarda
robot navigasyonu igin mekansal gosterimlerde Oklid
mesafe haritalar ve genellestirilmis Voronoi
diyagramlarinin gilincelleme stratejilerinin test edildigi
¢alismalarda kullanilmistir [16].

Ayrica Kinect sensorii i¢in Onerilen farkli kullanimlarin
sunuldugu bir ¢alisma da yapilmigtir [17].

Kinect sensoriiniin - metrik  6zelliklerini  tanimlamay1
amagclayan ve derinlik Sl¢limlerindeki dogruluga 6zellikle
deginen ¢aligmalar da yapilmistir [18-22].

Yapilan literatiir aragtirmasinda da goriildiigii lizere Kinect,
bilgisayarlarla  ¢alisma  becerilerini  zenginlestirmek

isteyenler i¢in sundugu ¢ok ¢esitli segeneklerle iyi bir
alternatiftir. Sekil 1’de goriildiigii tizere Kinect kamera
iizerinde RGB kamera, ¢oklu dizi mikrofonlar ve yiiz ve ses
tanima yetenekleri ile birlikte tam viicut 3D hareket
sahip

yakalama yetenegine derinlik sensoril

bulundurmaktadir [23].

Z b2
Kizilotesi Otk Gic 158 RGH Kamera ~

Kizlétesi Optik  Gok Dizili Mikrofon

T Motor

Sekil 1. Kinect Kamera
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Halen piyasada kullanicilarin ve gelistiricilerin kullanimina
sunulmus durumda olan iki farkli Kinect kamera versiyonu
bulunmaktadir. iki kamera arasindaki farklar Tablo 1°de
gosterilmektedir  [24]. Hem literatirde  yapilan
aragtirmalarda hem de sektorde gelistirilen uygulamalarda
Microsoft tarafindan gelistirilen ilk Kinect kamera yogun
olarak tercih edilmektedir. Bu tercihin sebepleri; bu kamera
ile kullanilan YGK’ya ait daha fazla dokiiman olmasiyla
beraber aralarindaki biiyiik fiyat farkidir.

Tablo 1. Kinect Versiyon Ozellikleri

Ozellik Windows igin Windows igin
Kinect 1 Kinect 2

Renk Kamera 640 x 480 1920 x 1080
Saniyede 30 FPS 30 FPS
Yakalanan Kare
Derinlik Kamera 320 x 240 512 x 424
Maksimum Derinlik | ~4.5 M ~45M
Mesafesi
Minimum Derinlik | Yakin modunda 50 cm
Mesafesi 40 cm
Yatay Goriig Alan1 | 57 derece 70 derece
Dikey Goriig Alan1 | 43 derece 60 derece
Egim Motoru Var Yok
Taniml Iskelet | 20 Eklem 26 Eklem
Eklemleri
izlenen Tam Iskelet | 2 6
Desteklene UsSB | 2.0 3.0
Standardi
Desteklenen Isletim | En az Windows 7, | Enaz
Sistemi 8 Windows 8

Kinect kameradan alinan tiim veriler yine Microsoft
tarafindan gelistirilen YGK ile USB portu iizerinden
gelistiricilere iletilmektedir. Sekil 2°de belirlenen iskelet ve
sag el eklem bilgilerine ait Kinect verisini alan kodlar
goriilmektedir.

(Skeleton skeleton skeletons)

Joint rightHand = skeleton.Joints[JointType.HandRight];

rightX
rightY
rightz

rightHand.Position.X;
rightHand.Position.Y;
rightHand.Position.Z;

Sekil 2.Kinect YGK C# Kodu

Kinect 1 sensoriinde, tanimli iskeletlere ait 20 farkli eklem
bilgisi sunulmaktadir. Sensoriin sundugu eklem noktalari
Sekil 3’de goriilmektedir.

Tim bu avantajlari, 6zellikleri ve diisiik maliyeti ile Kinect
sensOrlerinin uzun siire aragtirmacilar tarafindan tercih
edilecegi ongoriilmektedir. Windows i¢in Kinect 1 sensorii
diisiiniildtiglinde, iki iskelete ait 20 eklem, her ekleme ait X,
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Y ve Z koordinat bilgileri saniyede 30 kare halinde
almmaktadir. Kinect sensorii sahne karmasikligina gore
degismek iizere normal durumlarda her saniyede 240 bin ile
270 bin nokta verisi tiretmektedir. Bu nedenle dinamik nokta
bulutlar1, biiylik miktarda veri olan saniyede yaklagik 7,5
milyon nokta igerir.

1 Merkez Kalga
2 Omurga
3 Orta Omuz
4 Bas
5 Sol Omuz
6 Sol Dirsek
7 Sol Bilek
8 Sol El
9 Sag Omuz
10 Sag Dirsek
11 Sag Bilek
12 Sag El
13 Sol Kalga
14 Sol Diz
15 Sol Ayak Bilegi
16 Sol Ayak
17 Sag Kalga
18 Sag Diz
19 Sag Ayak Bilegi
20 Sag Ayak
Sekil 3. Tanimli Iskelet Eklemleri

Bu ¢alismanin amaci1 Kinect uygulamalari i¢in veri transfer
platformu tasarlanmasidir. Gelistirilen platform istemci
sunucu mimarisi iizerinde c¢alismaktadir. Cevrimigi ve
¢evrimdist durumlara farkli senaryolar barindiran platform
ayn1 zamanda bir dizi filtreleme ve sifreleme algoritmalarini
da sunmaktadir. Platformda 2D/3D goriintii ve nokta bulutu
isleme i¢in bilyiik 6l¢ekli, agik kaynakli bir proje olan Nokta
Bulut Kiitiiphanesinin (NBK) kullanimi tercih edilmistir
[25]. Bu kiitiiphanenin barindirdigr filtreler ve algoritmalar
Kinect sensorden elde edilen noktalara uygulanmustir.
Hassas verilere sahip uygulamalar igin opsiyonel PGP
sifreleme yontemi kullanilmigtir. Sensérden alinan ve
filtrelerden gegirilen noktalar, gelistirilen veri yapisina
uygun olarak paketlenmistir. Cevrimigi uygulamalarda anlik
veri transferi asamasinda WebRTC kullanilmustir. WebRTC,
esler arast ses, video ve veri paylasimini gergek zamanl
olarak saglayan ve g¢esitli platformlar ve farkli ag
yapilandirmalari arasinda ¢oklu ortam iletisimindeki bazi
sorunlar1 hafifleten bir ara katman yazilimdir [26-28].
Cevrimdis1 uygulamalarda paketler klasik ydntemlerle
sunucuya iletilmistir. Yapilan caligma sayesinde Kinect
sensorinden elde edilen nokta bulutu istege bagh
temizlenmis ve sifrelenmis, literatiire Kinect uygulamalarina
0zel yeni bir veri yapisi kazandirilmig ve bu paketin transferi
asamasinda WebRTC kullanilmistir.
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Makalenin kalan boliimleri asagidaki sekilde diizenlenmistir.
2. boliminde ydntem ve uygulama sunulmaktadir.
Makalenin 3. boliimiinde platformun kullanimi sonucu elde
edilen bulgular paylasilimaktadir. Son olarak bdlim 5’te
calismanin  sonuclarindan ve gelecek ¢aligmalardan
bahsedilmektedir.

2. YONTEM VE UYGULAMA

Calismanin bu boliimiinde platformda uygulanan yontem ve
uygulama sunulmustur. Bu bolimiin daha detayll ve
anlagilabilir olmast i¢in dort alt bolim halinde
sunulmaktadir. Bu boliimler asagida listelenmistir.

1) Gelistirilen platformun sistem mimarisi,

2) istege bagh sistem ozellikleri,

3) Kinect uygulamalarina 6zel gelistirilen veri yapisi,

4) WebRTC ara katman yazilimindan bahsedilmektedir.

2.1. Sistem Mimarisi

Kinect sensorler istemci bilgisayara USB portundan bagli
bulunmaktadir. Sensérden alinan veriler bu port iizerinden
istemci bilgisayarina aktarilmaktadir. Aktarilan veri Sekil
4’te goriilen arka planda g¢alisan platforma 6zel gelistirilen
kontrol meniisii ile uygulama sunucusuna aktarilmaktadir.

#i Kinect Veri Transfer - o x

Tekil istemci ID:20c4d9a6-d 16d-4c62-b83f-dd0fbdfee626
Baglanti Kontrolleri

[ |

Sunucu Port Adresi 18888 |

Sunucu IP Adresi

Baglanti Test Baglanti Kes
Veri Gonderim Yontemi
@® Gergek Zamanli O Ceviimdist

Veri Gonderim Kontrolleri

[ VoxelGrid Filtre

4 Outlier Filtre

Histogram Tabanl Kosullu Filtre
Octree-tabanli Nokta-Bulut Sikistrma

[J PGP Sifreleme

Baslat

Sekil 4. Platform Kontrol Meniisii

Bu menii lizerinden istemci sunucu baglantis1 kurulmaktadir.
Kullanic1  istege bagli veri gonderim ozelliklerini
segebilecegi gibi sunucu IP adresi ve port bilgisini girdikten
sonra bu ayarlarin varsayilan degerlerini sunucudan da
alabilmektedir.
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Gelistirilen platforma genel bakis Sekil 5’te gorildiigi
gibidir.

I~ Veriﬁ
N
| ~
| ~
N

. ~

™~ H B

Istemci
Uygulamasi

internet |
~

mﬁf"‘
i i gl
i

Uygulama Sunucusu

Sekil 5. Platform Genel Bakis

Veritabani

Kinect kameradan alinan veri bilgisayarda bulunan istemci
uygulama ile yorumlanir. Bu agamada istege bagli filtreler ve
sifreleme algoritmalart uygulanir. Platforma 6zel gelistirilen
veri yapist ile veri paket haline getirilir. Bu agsamada anlik bir
uygulama i¢in Kinect kullaniliyorsa yani gergek zamanl
gonderim secenegi secilmigse WebRTC ile transfer
gerceklesir. Eger Cevrimdisi segenegi se¢ilmigse Klasik veri
gonderim yapilarak veri aktarimi tamamlanir. Sisteme ait
akig semas1 Sekil 6’da goriilmektedir.

2.2. Istege Bagh Sistem Ozellikleri

Platformda daha kaliteli veri elde etmeye, nokta sayisini
dolayisiyla veri boyutunu kii¢liltmeye ve gilivenligi saglamak
amaciyla veriyi sifrelemeye yonelik filtreler ve algoritmalar
kullanilmaktadir. Bu filtre ve algoritmalar asagida
aciklanmigtir. Bu agamada NBK kullanilmigtir. NBK, ag¢ik
kaynak kodlu bir proje olup, BSD lisansi kosullari altinda
yayinlanmig olsa da kullanimi ticari ve aragtirma amacl
kullanim i¢in {icretsizdir.
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Sekil 6. Sistem Akis Semast

NBK yazilim gergevesi igerisinde filtreleme, 6zellik tahmini
ve alt oOrnekleme gibi son teknoloji algoritmalar
barindirmaktadir [25]. Olast bir veri kaybinin engellenmesi
ya da bu tip durumlarin gerektigi uygulamalarda problem
yagsanmamasl i¢in bu filtrenin kullanimi tamamen istemci ya
da sunucu tarafindan belirlenebilecek sekilde tasarlanmistir.
2.2.1.  VoxelGrid (VG) Filtre
VG alt ornekleme teknigi, bir 3D voxel 1zgarasina
dayanmaktadir. Bu teknik, girdi alanin1 bolmek ve nokta
sayisini  azaltmak igin Dbilgisayar grafikleri alaninda
geleneksel olarak kullanilmaktadir [29, 30]. VG algoritmast,
3 boyutlu uzayda bir Voxel 1zgarasi tanimlar ve her Voxel
i¢in bir vektro, o Voxel iizerinde bulunan tiim noktalarin
temsilcisi olarak segilir. Kinect sensor tarafindan istemciye
gonderilen verilerin sayisinin azaltilmasi asamasinda istege

bagh VG filtresi kullamilmis ve veri noktalar
kiigtiltiilmiistiir.
2.2.2.  Outlier Filtre

Platformun istemci tarafinda kullanilan bir diger filtre ise
outlier filtresidir. Bu filtre sayesinde Kinect sensorden elde
edilen verilerin, geri kalamyla istatistiksel olarak tutarsiz
olan noktalar, bir aykir1 kaldirma filtresi kullanilarak
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kaldirilir [31, 32]. Bu agamada veri boyutunun kiigiiltiilmesi
yaninda temel hedef verilerde tutarliligin saglanmasidir.
2.2.3. Histogram Tabanh Kosullu Filtre

Renk histogrami, bir goriintiiniin renk dagiliminin bir
temsilidir. Dijital goriintiiler i¢in, bir renk histogrami, renk
araliklarinin sabit listesinin her birinde ayni renk degerine
sahip piksel sayisini temsil etmektedir [33, 34]. Ancak bazi
uygulamalar, kisilerin yalnizca eklem bilgilerine ve bu
eklemlerin koordinatlarina gereksinim duymaktadir. Bu gibi
durumlarda Kinect verisi igerisinde bulunan gereksiz renk
verisinin taginmasi sistem performansini olumsuz yonde
etkilemektir. Bu gibi durumlarda performansin korunmasi ve
gereksiz bilgilerin platformdan temizlenmesi i¢in Histogram
tabanli kosullu filtre kullanilmistir.

2.2.4. Octree-tabanh Sikistirma
Uretilen verinin en az bant genisligi gereksinimi ve en az
boyutlu dosya olarak gonderilmesi ve alinmasi platform
performansi i¢in hayati 6nem tasimaktadir. Bu nedenle bir
sikistirma yontemine ihtiya¢ duyulmaktadir. Bu gereksinim
i¢in Octree tabanli sikistirma kullanilmistir. Bu sayede veri
igerisinde bulunan mekéansal ve zamansal fazlalik
azaltilmigtir [35, 36].

2.2.5. PGP Sifreleme
Gtlinlimiizde internet lizerinden iletilen verilerin giivenliginin
saglanmasi farkli ve zorlu bir ¢aligma alanidir. Kinect sensor
kritik alanlarda kullanilmaya baglanilmis ve giivenlik
gereksinimi dogmustur. Bu nedenle gelistirilen platform
tizerinde iletilen verinin giivenliginin saglanmasi igin istege
bagli 6zellikler arasina giivenlik segenegi de eklenmistir.
Acik kaynak kodlu ve kolay uygulanabilir olmas1 sebebiyle
PGP sifreleme yontemi tercih edilmistir. PGP yoOntemi
biinyesinde DSA, MDS5, SHA-1 ve RSA gibi sifreleme
algoritmalarini barindirmaktadir. PGP’de veriler karsilikli
kontrol edilmeden erigilemez durumdadirlar bu sayede tam
giivenlik saglanmaktadir [37, 38].

2.3. Veri Yapisi

Kinect sensorden elde edilen veriler biiyiik boyutlara
ulagsmaktadir ve bu verilerin yonetilmesi ve saklanmasi ciddi
problemlere neden olabilmektedir. Platformun stabil
calismasint ve platformda yer alan veri biitiinligiiniin
saglanmasi i¢in 6zel bir veri yapisina ihtiya¢ duyulmustur.
Kinect uygulamalarina 6zel gelistirilen veri yapisi Sekil 7°de
goriilmektedir.

Istemci tarafindan sec¢ilebilir durumda bulunan parametreler,
veri yapisinin baslik bilgisini olusturmaktadir. Hemen
ardindan sensor tarafindan tespit edilen her iskeletin her
eklemine, her eklemin de X, Y ve Z bilgilerinin saklandigi
veri kismindan olugmaktadir. Paketlerin sirali sekilde
saklanmas1 ve yonetilebilmesi i¢in her paket zaman damgasi
ile damgalanmaktadir.



-
N 2
s
3
2
=
H > 2
E It
x 2
<
3
-
N 2
s
3
~
= ES
) E > 2
> = 3
2
= 2
4
3
2
N 2
s
3
-
-
E > 2
= 3
z
= 2
3
3
-
- =
2 5
[ &
i °
3]
55 %
] >
2 “
(2
=
=«
L= =
g%ﬂéé =
£20 3% 2
]
Owga
E. .
%53 £ 5
] g
oo o= 3
gEEE -
I
B
o L Qv
@ E=r=1 £
@ 5=
- (Sl -
[
]
©
a
T
S g €
T = &
EE -
>
O
=
o s
= B
g o
s =
g 5
g 2
3
28
i3
=
3
ES
3
@
]
>

Sekil 7. Veri Yapisi

2.4, WebRTC

WebRTC, Kinect uygulamalarinda gergek zamanli etkilesim
icin ideal bir ag platformudur. Belirlenen esler arasinda
video, ses ve veri igin gercek zamanli veri paylasim
saglamaktadir. Platform bagimlilig1 gibi sorunlar1 da ortadan
kaldirmaktadir [27, 28, 39]. Akis verisini edinmek ve
haberlesmek i¢in, WebRTC Es Baglantisi, Medya Akist ve
Veri Kanali olmak iizer ii¢ ara katman yazilimi
saglamaktadir [39]. Gelistirilen platform WebRTC ara
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katman yaziliminin veri kanali katmanini kullanmaktadir. Bu
sayede gelistirilen veri yapisi uygulama sunucuna anlik
olarak transfer edilmektedir.

3. BULGULAR

Gelistirilen platformun degerlendirilmesi asamasinda gercek
Kinect verisi kullanilmigtir. Oncelikle uygulanan filtreler ve
sonuglarinda elde edilen sikigtirma oranlart
degerlendirilmistir.

Kinect sensor tarafindan gonderilen verilerin sayisinin
azaltilmast i¢in VG filtre kullanilmis ve veri noktalari
kiigiiltiilmiistiir. Bu filtre sonucu elde edilen sonuglar Tablo
2’de goriilmektedir.

Tablo 2. VoxelGrid (VG) Filtre Sonucu

Ham Veri Noktasi VoxelGrid (VG) Sikistirma
Filtre Sonucu Orant
97834 30195 3.24

Platformun istemci tarafinda uygulanan bir diger filtre ise
outlier filtresidir. Sensor iizerinden elde edilen verilerde
bulunan istatistiksel tutarsiz noktalar bu filtre sayesinden
temizlenmektedir. Bu filtre sonucu elde edilen sonuglar

Tablo 3’te goriilmektedir.

Tablo 3. Outlier Filtre Sonucu

Ham Veri Noktasi Outlier Filtre Sikigtirma
Sonucu Orani
97834 87351 1.12

Geligtirilen platformun performansinin  korunmasi

ve

gereksiz bilgilerin platformdan temizlenmesi i¢in Histogram
tabanli kosullu filtre kullamilmuistir. Bu filtre sonucu elde
edilen sonuclar Tablo 4’te goriilmektedir.

Tablo 4. Histogram Tabanl Kosullu Filtre Sonucu

Ham Veri Noktasi Histogram Sikistirma
Tabanl1 Kosullu Orani
Filtre Sonucu
97834 70894 1.38

Sensor tarafindan iiretilen verinin sikistiritlmasi asamasinda

Octree tabanli sikistirma kullanilmistir.

Bu sikistirma

sonucunda elde edilen sonuglar Tablo 5’de goriilmektedir.

Tablo 5. Octree Tabanlh Sikigtirma Sonucu

Ham Veri Dosya Octree Tabanl Sikistirma
Boyutu Sikistirma Sonucu Orani
(KB) (KB)
229.19 205.39 %10.381




E ERDAL

Yapilan deneysel sonuglar ayri ayri degerlendirmelerden
olugsmaktadir. Ancak istemci tim filtreleme segeneklerini
sectiginde filtrelemelerden elde edilen gercek sikistirma
verisi Tablo 6’da goriilmektedir.

Tablo 6. Genel Sikigtirma Sonuglari

Ham Voxel Outlier | Histogram | Sikistirma
Veri Grid Filtre Tabanl Oram
Noktasi (VG) Sonucu Kosullu
Filtre Filtre
Sonucu Sonucu
97834 30195 26959 19536 5,007

Elde edilen filtreleme ve sikistirma sonuglari grafigi Sekil
8’de goriildiigi gibidir.

120000
97834
100000
80000
60000
40000 80195 26959
19536
20000
0
Ham Veri Voxel Voxel Outlier Filtre Histogram
Noktasi Grid (VG) Sonucu Tabanli
Filtre Kosullu
Sonucu Filtre
Sonucu

Sekil 8. Filtreleme ve sikigtirma sonuglart grafigi

Degerlendirme asamasinda kullanilan veri boyutlart elde
edilen sonuglara dair net bilgiler vermektedir. Ancak
platformun gergek basarisi i¢in Kinect uygulamalart sonucu
elde edilen biiyiik verilerin diistiniilmesi bir gerekliliktir.

4. SONUC VE GELECEK CALISMALAR

Kinect sensoriin 6nemi ve kullanimi her gegen giin
artmaktadir. Bu nedenle giivenli ve efektif bir veri transfer
platformuna ihtiyag duyulmustur. Yapilan c¢alisma
sonucunda asagidaki kazanimlar elde edilmistir.

e Istemci — Sunucu mimarisine uygun Kinect veri
paylasim platformu gelistirilmigtir.

e Istemci tarafindan gelistirilen mimari sayesinde
farkli filtreler ve algoritmalar kullanilmustir.

o Istege bagli VoxelGrid (VG) Filtre ile nokta sayisi
azaltilmastir.

e Istege bagl Outlier Filtre ile istatistiksel tutarsiz
noktalar temizlenmistir.

e Istege bagli Histogram Tabanli Kosullu Filtre ile
gereksiz bilgiler platformdan temizlenmistir.
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e Istege bagl Octree Tabanli Sikistirma elde edilen
dosyalar sikigtirtlmistir.

e Platformun stabil ¢aligmasin1 ve platformda yer
alan veri biitiinliigiiniin saglanmasi i¢in 6zel bir veri
yapis1 gelistirilmistir.

e stege bagli PGP sifreleme ile veri giivenligi
saglanmustir.

e Cevrimi¢ci uygulamalar i¢cin WebRTC veri
katmanlart kullamlmis ve anlik veri paylasimi
saglanmustir.

Sunulan platform arastirmacilar ve gelistiriciler tarafindan
kullanilan Kinect uygulamalarinda performans
saglayacaktir.

Gelistirilen platform i¢in istemci bilgisayarlara ilgili dosya
paketinin kurulumunun yapilmasi ve uygulama sunuculara
tanimlama yapilmasi gerekmektedir. Bu nedenle gelistirilen
sistemin gelecekte servis tabanli olarak gelistirilmesi
hedeflenmektedir. Bu sayede gelistiriciler ve aragtirmacilar
tarafindan kendi yazilimlar1 ya da uygulamalari igerisinde
cagirilabilir hale getirilmesi hedeflenmektedir. Ayrica su
anda veri yapisinda bulunan iskelet, eklem ve koordinat
bilgilerinin yanina yine tamamen istege bagli eklemler arasi
ac1 degerlerinin de eklenmesi ve bu sayede uygulama
sunucusu  tarafinda  ihtiyag  duyulacak  hesaplama
gereksinimin azaltilmasi hedeflenmektedir.
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Bir Lastik Fabrikasinda Dinamik Adresleme Yaklasimi ile Depoya Yerlestirme
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Oz

Depo yonetiminin etkinligini belirleyen en onemli unsurlardan biri deponun tasarimi ve dogru adresleme/yerlestirme
yapilabilmesidir. Kurulan depo sahasinin, isletmenin gereksinimlerine gore tasarlanmadigi durumlarda, depo sahasi-operasyon
uyumsuzlugu dogmakta, s6z konusu durum yiiksek stok maliyeti, diisilk verimlilik ve diisiik liretim performansi ve islerin
aksamasi ile de sonuglanabilmektedir. Bu sebeple depo tasariminda, depo sahasinin mimari yapisi, depo sahasindaki yerlesim,
yiikleme, bosaltma ve istifleme sahalarinin yerlesimi gibi faktorler dogrudan etkili olmaktadir. Yapilan bu ¢aligmada bir lastik
iireticisindeki iiretim ortami incelenmistir. Mikser sahasindaki peronlara malzemelerin dogru yerlestirilememesi, depo alani
kullaniminda verimsizlige ve yetersizlige sebep olmaktadir. Bu sebeple depodaki stok kapasitesi ve kapasite kullanimindaki
verimlilik artirllmaya c¢alisilmistir. Yapilan analizler sonucunda bu probleme en uygun ¢oziim olarak statik adreslemeden
dinamik adreslemeye gecis oldugu Onerilmistir. Dinamik adresleme icin bir algoritma gelistirilmistir. Algoritma Visual Basic
dilinde dinamik programlama yoéntemi kullanilarak kodlanmistir. Hem mevcut durum olan statik adresleme hem de 6nerilen
durum olan dinamik adresleme i¢in yazilan program ¢iktilari karsilastirildiginda; isletmeye yart dolu peron sayisinin azaltilmasi
yoniinden statik adreslemede %88 olan oranin dinamik adresleme ile %53’e kadar iyilestirme olanagi sunabildigi goriilmiistiir.
Ayrica statik adreslemede kullanilabilir peron sayisi 213 iken dinamik adresleme sayesinde bu say1 269 olup, isletmeye yeni
karisim kodlarinin depolanmast igin firsat sunulmustur. Son olarak ise Mikser’den ¢ikan paletlere peron ararken dinamik
adreslemede goz 6niinde bulundurulan “Miksere en yakin perona ata” stratejisi ile forklift¢i is yliki azaltilmustir.

Anahtar Kelimeler: Depo yonetimi, dinamik programlama, dinamik adresleme

Warehouse Allocation in a Tire Factory with Dynamic Addressing
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Abstract

The design of the warehouse and the correct addressing/placement is one of the most critical factors to the efficiency of
warehouse management. In cases where the established storage area is not designed to meet the requirements of the enterprise,
the warehouse site-operation mismatch arises, which can result in high inventory costs, low productivity and low production
performance and disruption of the works. Because of this, factors such as the architectural structure of the warehouse area,
settlement in the storage, loading, unloading, and placement of the stacking areas are directly effective in warehouse design. In
this study, the production environment of a tire manufacturer is examined. The mixer area makes the storage area insufficient
due to the inability to place the materials correctly on the platforms. Therefore, the stock capacity and the efficiency of capacity
utilization in the warehouse have been increased. As a result of the analysis, it has been suggested that the transition from static
addressing to dynamic addressing is the most appropriate solution to this problem. An algorithm for dynamic addressing has
been developed. The algorithm is coded using the dynamic programming method in visual basic language. The output of the
program was compared for both the current state of static addressing and the proposed state of dynamic addressing. It was seen
that the number of half-loaded platforms could improve with a decrease of 88% in static addressing and up to 53% in dynamic
addressing. In addition, while the number of platforms available for static addressing was 213, this was 269 thanks to dynamic
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addressing. This allows the facility to store new mix codes. Lastly, the forklift assign to the platform “closest to the mixer
“strategy, which is considered in dynamic addressing when searching for platforms for the pallets exiting the mixer, has reduced

the workload of the forklift truck.

Keywords: Warehouse, dynamic programming, dynamic addressing

GiRiS

Depoya yerlestirme biitiin {iretim siirecinin performansini
etkileyen unsurlardan biridir. Dogru yerlestirme iiretim
siirecine dogru miktarlarda {iriiniin akigini hizlandirmakta,
yanhs yerlestirme ise g¢evrim siiresini artirarak malzeme
yoklugu yaganmasina sebep olabilmektedir. Makaleye konu
olan problem lastik iiretiminin ilk agamasi olan karigimin
hazirlanmasi isleminin gergeklestigi mikser makinelerini ve
hazirlanan karigimin istiflendigi Wigwag ekipmanlarini
kapsamaktadir. Isletmedeki ana sorun, Wigwag ekipmani ile
istiflenen paletin gotiiriildiigii Mikser son karigim stok
alanlarmi verimli olarak kullanilamamasidir. Stoklama
alanlarindaki  bahsedilen  verimsizligin  sebeplerinin
belirlenmesi i¢in gozlemler yapilmistir. Yapilan gozlemler
sonunda  verimliligi azaltan birkag farkli  sebep
bulunmaktadir. Bu makalede ise verimliligi azaltan
sebeplerden biri olan sabit adresleme politikasina ¢éziim
Onerilmistir. Sabit adresleme politikasiyla ilgili yapilan
aragtirmalar sonucunda elde edilen bilgiler ve isletmedeki
durum hakkinda bilgi verilmistir.

Sabit yerlestirme sistemine gére her mal ya da mamuliin
sabit bir adresi vardir ve degismez. Bu isleyis asagidaki gibi
bazi1 problemler olusturabilir.

1. Her yeni malzeme igin, bolimlerde fazladan alan
bulundurulmasi1 gerekmektedir. Ayrica her malzemenin
yerinde olabilmesi ve tekrar yerlestirme islemlerinin
olusmamasi i¢in, her zaman bos bir depolama kapasitesine
ihtiyag vardir.

2. Farkli 6zellikleri olan malzemelerin depolanma ya da elde
tutabilme kosullarin1 goz oniine almayabilir ve depolanmasi
zor olan malzeme sistemin disinda tutulur.

3. Sik kullanilan malzemeler i¢in personele ve ihtiyaca cevap
verme kolayligt bakimindan herhangi bir strateji
uygulanmayabilir.

Isletmede sabit adreslemenin sorun olmasinin sebebi, her
peronun belirlenmis karisim kodlarina gore isimlendirilmis
olmasidir. Her kod, sadece kendi karisim koduna sahip
perona birakilabilmektedir. Bu sebeple, iiretimde olmayan
bir koda da ait, bagka kodlar tarafindan kullanilamayan
peronlar bulunmaktadir. Bu da aslinda var olan fakat
kullanilamayan  kapasite =~ demektir. Bahsedilen bu
dezavantajlar1 nedeniyle sabit adresleme politikas1 kapasite
kullanim oranini azaltan bir durumdur.

Rekabetin artmasi ile birlikte depolama, onemli bir rekabet
avantaji haline gelmistir. Malzeme girisi ve bitmis {iriin
teslimat1 ve hareketleri sirasindaki biitiin faaliyetler depoyu
dogrudan etkileyerek maliyet yaratmaktadir. Bu siirecte
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maliyet azaltic1 depo hareketlerinin planlanmasi, yerlestirme
adresleme ve siparig toplama siireglerindeki iyilestirmeler
biiyiik maiyet avantaji da saglamaktadir. Ayni zamanda
depolama sistemleri ve hangi malzemelerin nasil
depolanacaginin, iletileceginin bilinmesi, zaman ve enerji
tasarrufu da saglanmaktadir [8].

Isletmeler ise ellerinde her zaman miisteri taleplerini
karsilayabilmek i¢in mal bulundururlar. Dolayisiyla
depolamaya ihtiya¢ duyarlar ¢iinkii mevcut iiriinlerle bu
tirlinlere olacak talebi bire bir ortiistiirmek miimkiin degildir.
Bir¢cok sebepten dolayi elimizdeki kaynak miktart ve bu
kaynaga olacak olan talep sik sik degismektedir ve bu
degiskenlik elde bulundurma yani depolama ihtiyacini
olusturmaktadir [13].

Depolama siireci i¢indeki en 6nemli faaliyetlerden biri depo
alanmmin  aktif kullanimi ve bunu saglayacak dogru
adreslemenin yapilabilmesidir. Bu sebeple {iriinlerin raflara
yerlestirmesi bir ¢izelgeleme problemi olarak ele alabilir.
Depoya yerlestirilecek iiriin ve raflarin o6zellikleri ve
oncelikleri  siralama ve  g¢izelgeleme kurallarindan
faydalanilarak olusturulabilir. Bu sebeple bir dizi isin hangi
sirayla isleme alinacagina karar verilmesi gereken her durum
bir ¢izelgeleme problemi olarak ele alinabilir. Depolama ve
depolamanin nasil, hangi sekilde, hangi sirayla yapilacagini
planlayan cizelgeleme yontemleri de literatiirde yer
almaktadir. Dolayisiyla ¢izelgeleme problemleri sadece
iiretim sistemlerinde degil, tasima ve dagitim, iletisim, bilgi
sistemleri gibi farkl sistemlerde de ortaya ¢ikmaktadir [5].

Cizelgeleme problemleri islerin ¢izelgeleme boyunca hazir
bulunma durumuna gore statik ve dinamik olarak ikiye
ayrilir. Calisma zamani1 boyunca islerin sayist degigsmezse
sistem statik, yeni isler sisteme dahil edilirse dinamik olarak
adlandirilir [4].

Imalat ve servis endiistrilerinde cizelgeleme bir karar verme
prosesidir.  Matematiksel veya sezgisel yOntemler
kullanilarak gorevlerin simirli kaynaklara atanmasi iglemi
olarak gerceklestirilmektedir. Bu atama, is 6nceligi ve diger
faktorlere gore siralama yapilarak igletmelerin belirlenen
amaca ulagsmasi saglanir. Bu amaglar kimi zaman toplam
cevrim siiresinin kisaltilmasi, kimi zaman geciken islerin
sayilarinin azaltilmas1 ve beklemelerin azaltilmasi gibi
performans oOlgiitleri ile belirlenir.

Cizelgeleme, parametrelerin deterministik veya belirsiz
oldugu durumu, tek makinali veya ¢oklu makine, gelis
stirecinin statikten veya dinamik olarak degistigi cesitli
problem yapilarini kapsar [6]. Bu yontem biitlin sistemler
lizerine uyarlanarak bir makine atama problemi olmasa da
islerin siralanmasi ve ¢izelgelenmesinde kullanilabilir.
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Cizelgeleme probleminin ilk tartisilmaya baglandigi
zamanlar 20. yiizyilin baslarna kadar uzamr. Ik ¢6ziim
algoritmalar1 kombinatoryal analiz kullanilarak
gelistirilmistir. Genel kani, Johnson 1954 tarafindan
yayinlanan ¢aligmanin ¢izelgelemenin yoneylem arastirmasi
icerisinde bagimsiz bir alan olarak ele alindig1 ilk ¢alisma
oldugu yoniindedir [10]. Kombinatoryal analiz ile baglayan
caligmalar, dal smir algoritmalari, Lagrangian gevsemesi
gibi matematiksel programlama teknikleri, yaklasim
algoritmalar1 ve yerel arama sezgiselleri, meta sezgiseller ve
hipersezgiseller gibi sezgisel algoritmalar ile giiniimiizde de
ilerlemeye devam etmektedir. Literatiirde oncelik kurallar
ya da ¢gizelgeleme kurallari olarak da gegen dagitim kurallari,
uygulama kolayligi, ani degisimlere hizli tepki verebilme
yetenegi ve istenen siirede gecerli sonug iiretebilme
kabiliyeti ile ¢izelgeleme problemlerinin ¢ézlimiinde siklikla
kullanilan sezgisel kurallardir [1]. Cizelgeleme yontemleri
ile geciken iglerin minimuma indirilmesi, kapasitenin eksik
kullanilmasi, iiretimde yer alan darbogazlar, gibi problemler
de ortadan kaldirilabilmektedir [11].

Cizelgeleme problemlerini ¢dzmek igin yaygin olarak
eniyileme/optimizasyon yontemleri ve sezgisel ydntemler
kullanilmaktadir. Optimizasyon yontemleri ii¢ ana grupta
toplanabilir. Bunlardan birincisi; dinamik programlama
teknigidir. Bu yontem c¢izelgeleme ve diger kombinatoryal
problemler i¢in kullanilan ¢ok agsamali karar problemidir. Bu
yontemle ilgili en 6nemli ¢alismalar, Held ve Karp (1962)
tarafindan yapilmigtir. Bu teknik ile belli kisitlayici kurallar
uygulayarak ¢ok sayida aday ¢6ziimii elimine etmistir [12].
Uygulamanin olumsuz yonii ise ¢ok boyutlu problemlerde
etkin olmamasidir. Durum degiskenlerinin sayisi arttiginda
islem sayisi artar ve bu 6zellik biiylik boyutlu problemlerin
¢ozlimiinde dinamik programlama yaklagiminin kullanimini
kisitlar.

Ikinci olarak en sik kullanilan ydntem dal-smir
algoritmasidir. Dal-sinir algoritmasi ilk olarak 1959 yilinda
gezgin satici probleminde uygulanmistir. Bu ydntemde,
¢Oziim zamanlar1 ve farkli veri setlerine gore degiskenlik
gosterir. Dallanan degisken ile sinirlama yaklagiminin
secimi algoritmanin performansini biiyiik 6l¢iide etkiler ve
problem boyutu arttik¢a ¢6ziimii zorlagmaktadir [6].

Diger yontem ise tamsayili programlamadir. Arastirmacilar,
cizelgeleme problemlerinin degisik kisitlar1 altinda tamsayili
programlama modelleri gelistirmistir. Depoya adresleme
gibi dinamik problemlerin etkin bir sekilde ¢6ziimiinde bu
sebeple tamsayili programlama algoritmalari basarili
degildir. Ancak birden fazla 6lgiitii kullanabilecek bir amag
fonksiyonu olusturulabilir[7].

Optimizasyon teknikleri biiyikk boyutlu ¢izelgeleme
problemlerinin ¢oziimiinde yetersiz kalmaktadir. Hesaplama
zamani olduk¢a uzundur. Aynmi zamanda optimizasyon
teknikleri Son yillarda tim bu dezavantajlarin
giderilebilecegi sezgisel yontemler gelistirilmistir. Bu
sezgisel algoritmalar ise tavlama benzetimi, tabu arama,
genetik algoritma ve karinca kolonisi gibi yaklagimlardir.
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Tabu Arama (TA), Glover tarafindan kombinatoryal
problemlerin  ¢dziimii i¢in  Onerilmis bir sezgisel
programlama teknigidir [3]. Bir katinin yavas yavas
sogutularak minimum enerji durumu elde edilene kadar
fiziksel tavlama siirecini taklit eden tavlama benzetimi
algoritmasi, olasilikli bir arama yontemidir. Amag
fonksiyonun degeri, azalma egilimindedir. Bununla birlikte
bazi durumlarda amac¢ fonksiyon degerleri yiiksek olan
¢oziimler de kabul edilmektedir. Boylece, daha iyi bir yerel
minimum aramaya devam edilebilir ve yerel bir minimum
¢oziime takilmaktan kurtulmug olur. Dolayis1 optimizasyon
problemleri i¢in tavlama benzetimi yaklagimi en iyi degere
yakin ¢oziimler verebilmektedir [2].

Genetik algoritma ise, dogadaki evrim yontemlerini kullanan
bir arama yontemidir. Genetik algoritma teknigi, Michigan
Universitesi’nde yer alan John Holland ve arkadaslarmin
caligmalar1 sonucu 1970’1i yillarda ortaya ¢ikmistir. Genetik
algoritmalarin amaci karmagik problemlerin ve ¢ok kisith
problemlerin optimizasyonudur [9]. Karincalarin isbirlikgi
davraniginin taklidi olan karinca algoritmalar1 popiilasyon
tabanli bir algoritmadir [13].

Yukarida bahsedilen optimizasyon ve sezgisel yontemler
¢ok degiskenli depo malzemelerinde yetersiz kalmaktadir.
Bunun sebebi pek ¢ok kisitin ayni anda kontrol edilecek
olmasidir. Bu ¢alismada en iyi ¢dziimii sunabilecek dinamik
bir sezgisel olusturulmus ve statik adresleme ile elde edilen
sonuglar karsilagtirilmistir.

2. YONTEM

Bu calismada bahsedilen statik adresleme politikasina
¢oziim olarak bir sezgisel ¢izelgeleme yontemiyle dinamik
adresleme algoritmasi olusturulmustur. Yeni bir sezgisel
yontemin olusturulmasinin sebebi, literatiirde bulunan
cizelgeleme yontemlerinin isletme kisitlarimi karsilamada
yetersiz kalmasidir.

Depoya dinamik/rastgele yerlesimde, sistematik ve ¢ok
yikksek diizeyde organize olmus bir stok yerlestirme
uygulamasi1 vardir. Depolama stratejisi, siparis toplama
verimliligini artirmak icin 6geleri depolama
konumlarina atayan bir kurallar kiimesidir . Rastgele strateji,
gelen paletleri rastgele olarak depolamak i¢in mevcut bos
depolama yerlerine atar ve bu da yiiksek depolama kullanimi
ve diigiik siparis toplama verimliligi saglar [8].

Tim bu avantajlar g6z oniine alinarak bu makalede, firmanin
mevcut durumunu benzetim modelinden ve ¢6zim yapan
benzetim uygulamasindan bahsedilmistir. Problemin ¢6ziim
asamalar su sekildedir;

i- Mevcut durum ve iyilestirilecek durumun parametre,
kisit ve varsayimlarinin belirlenmesi.
ii- Mevcut durum olan statik adreslemenin kodlanmasi.

iii- Iyilestirme olarak sunulan dinamik adreslemenin
kodlanmast.

iv- Programlarin calistirilarak istatistiki verilerin
toplanmasi.
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v- Toplanan verilerin analiz edilerek

karsilagtirilmasi.

sonuglarinin

3. UYGULAMA
Problemin ¢6zliim asamalarina gore algoritma yazilmistir.

1. Asama: Mevcut durum ve iyilestirilecek durumun
parametre, kisit ve varsayimlarinin belirlenmesi

Parametreler:

Statik ve dinamik adresleme durumlart igin kullanilan
parametreler;

e i=1’den i=4’e kadar a(i), b(i), c(i), d(i), f(i), g(1), h(i), j(i),
k@), I1(i), m(i), n(i), o(i), p(i), r(i) parametreleri dnceki
giinden kalan stok miktarini rastgele atayan degiskenleri
temsil etmektedir.

e i=1’den i=40’a kadar q(i) parametresi, rastgele Mikser
makinelerinden ¢ikan palet miktarlarini  temsil
etmektedir.

e i=1’den i=60’a kadar w(i) parametresi, rastgele Mikser
stok alanindan ¢ikan palet miktarlarini temsil etmektedir.

e i=1’den i=60’a kadar val(i) parametresi, her peronun
tiim giris ve ¢ikig islemlerinin gergeklestikten sonra elde
edilen degeri temsil etmektedir.

e i=1’den i=60’a kadar tq(i) parametresi, peronlara giinliik
olarak giren palet sayilarinin toplamini temsil etmektedir.
tq(i) degerleri Tab2 sayfasinda girig siitunundaki
alanlarin goriilmesini saglar.

e i=I’den i=60’a kadar tw(i) parametresi, peronlardan
giinliik olarak ¢ikan palet sayilarinin toplamini temsil
etmektedir. tw(i) degerleri Tab2 sayfasinda cikis
stitunundaki alanlarin goriilmesini saglar.

e i=1’den i=60’a kadar cikan(i) parametresi, perondan
rastgele gelen ¢ikis sayisindan arta kalan, ayni koda sahip
ve en yakin bos perona atanacak palet sayisini temsil
etmektedir.

e i=1’den i=60’a kadar deger(i) parametresi, perona
rastgele gelen giris sayisindan arta kalan ve ayni koda
sahip veya en yakin bos perona atanacak palet sayisini
temsil etmektedir.

Kisitlar:

Kurulan modellerdeki kapasite kisitlar su sekilde varsayilip,
kisit olarak g6z oniinde bulundurulmustur;

e S02 stok alaninda 15 peron bulunmaktadir. Her bir
peronun kapasitesi 10 palettir.

e S04 stok alaninda 15 peron bulunmaktadir. Her bir
peronun kapasitesi 13 palettir.

e S05 stok alaninda 15 peron bulunmaktadir. Her bir
peronun kapasitesi 12 palettir.

e S06 stok alaninda 15 peron bulunmaktadir. Her bir
peronun kapasitesi 15 palettir.

Kurulan modellerdeki yapisal kisitlar su sekildedir;
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e Her iki modelde de bir karigim kodu i¢in art arda
Mikserden g¢ikabilecek palet sayist maksimum 10°dur.

e Her iki modelde de bir karisim kodu i¢in art arda
perondan cikabilecek palet sayist minimum 3,
maksimum 10’dur.

e  Statik adresleme politikasinda biitlin karisim kodlarinin
belirlenmis adresleri bulunmaktadir ve hicbir karigim
kodu kendisine ait olmayan perona konulamamaktadir.

e Dinamik adresleme politikasinda peronlara karigim
kodlarimin atanmasi isleminde ilk olarak bakilan sart,
mevcut diziliste Mikserden ¢ikan karisim koduyla ayni
koda sahip ve kapasite olarak yeterli peron var mi1? Var
ise oncelikli olarak ¢ikan palet o perona gotiirtilecektir.
Eger diziliste Mikserden ¢ikan karisim koduyla ayni
koda sahip fakat yeterli kapasiteye sahip olmayan peron
var ise ¢ikan palet en yakin bos perona gotiiriilecektir.
Eger mevcut diziliste Mikserden ¢ikan karisim koduyla

ayni kod yoksa cikan palet en yakin bos perona
gotiirtilecektir.

e Statik ve dinamik adresleme politikalarinda Mikser
I’den ¢ikan karisim  kodlar1  sadece  S02’de
depolanabilmektedir.

e Statik ve dinamik adresleme politikalarinda Mikser
2’den ¢ikan karisim  kodlar1  sadece  S04’de
depolanabilmektedir.

o Statik ve dinamik adresleme politikalarinda Mikser
3’den ¢ikan karisim  kodlar1  sadece  S05°de
depolanabilmektedir.

o Statik ve dinamik adresleme politikalarinda Mikser
4’den c¢ikan karisitm  kodlar1  sadece  S06’da

depolanabilmektedir.

e Her iki model iginde bir giinde bir Mikser ’den ¢ikan
palet miktar1 minimum 110°dur.

e  Her iki modelde de 6nceki giinden kalan stok miktarlar1
maksimum 4 olarak rastgele atanmustir.

Varsayimlar:

e Mikser 1’den ¢ikan karigim kodlari; H19, H28, T120,
T2287, T2357, T4327, T5297, W06, W63 ve G22’dir.

e Mikser 2‘den ¢ikan karisim kodlari; T2227, T2657,
T5557, T6747, T6817, T7457, T9487, W02, G34,
HO5"dir.

e  Mikser 3°den ¢ikan karigim kodlari; H12, H45, HSS,
H73, T1517,T3317, T5387, T6517, T6657, T8067 dir.

e  Mikser 4’den ¢ikan karisim kodlari; U04, W62, G50,
G53, G59, G61, G72, G8S, W04, W74’ diir.

e Sabit adresleme politikasinda perona palet girisleri ve
perondan palet ¢ikislar: rastgeledir.

e Dinamik adresleme politikasinda perona girisler 6nce
yart dolu peronlar1 doldurmaya/forklift¢inin yiikiinii
azaltmak i¢in en yakin olana birakmaya yoneliktir.
Perondan ¢ikislar ise yar1 dolu palet miktarini azaltmak
amagcli ayni karisim koduna sahip peronlar i¢in daha az
dolu perondan, yine ayni karigim koduna sahip esit
kapasiteli peronlar i¢in Miksere en uzak olandan
yapilmaktadir.
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2. Asama: Mevcut durum olan statik adreslemenin
kodlanmasi

Statik adresleme i¢in yazilan programin ¢aligma prensibi;

Asagida bahsedilecek maddeler yazilan programim Tabl
kisminda gergeklesmektedir.

e Adreslenmis peronlara yukarida bahsedilen a(i), b(i),
c(i) vb. parametreler sayesinde rastgele maksimum 4
adet olacak sekilde onceki giinden kalan palet miktar1
atanir.

e Her Mikserden rastgele minimum 110 palet ¢ikacak
sekilde palet ¢ikar.

e  Mikserden ¢ikan paletler, 6nce yar1 dolu olana ata, 6nce
en yakin perona ata vb. gibi durumlara bakilmaksizin
rastgele peronlara eklenir. Eger rastgele gelen sayi ile
peronda mevcut palet sayisinin toplami kapasiteyi
astyorsa yine ayni karisim koduna ait adreslenmis diger
perona aktarilir.

e Peronda bulunan paletler, rastgele, minimum 3 palet,
maksimum 10 palet olacak sekilde ¢ikartilip kullanict
sahaya iletilir.

Statik durumun dezavantajlar1 yazilan bu program sayesinde

ayrintili olarak su sekilde agiklanabilir;

e  Yari dolu peron sayisi fazladir.

e Forklift¢i is ylikii en yakin adrese atama durumu
olmadig: i¢in fazladir.

e  Yeni karisim kodlarma yer bulunamamaktadir.

e Uretimin fazla oldugu dénemlerde depolama alam
bulmak zorlagmaktadir.

Yukarida bahsedilen kurallara ve ¢aligma prensibine gore

elde edilen programin ekran goriintisii Sekil 1°de

verilmigtir.

3. Asama: lyilestirme olarak sunulan dinamik
adreslemenin kodlanmasi

Dinamik adresleme i¢in yazilan programin ¢alisma
prensibi;

e Rastgele kod atanan peronlara yukarida bahsedilen a(i),
b(i), c(i) vb. parametreler sayesinde rastgele maksimum
4 adet onceki gilinden kalan palet miktar1 atanir.
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Mikserden ¢ikan paletler eger peronlarda var olan bir
koda sahipse ve peron kapasitesi yeterli ise oncelikli
olarak bu peronlara atama yapilir. Eger yine Mikserden
cikan paletle ayn1 karisim koduna sahip bir peron varsa
fakat kapasite olarak yetersiz ise o palet en yakin bos
perona atanir. Eger Mikserden ¢ikan paletle ayni karigim
koduna sahip bir peron yok ise en yakin bosg peron bu
karisimla doldurulmaya baslanir. Bunun kodlanmasinin
sebebi yar1 dolu peron sayisini azaltmaktr.
e Her Mikserden rastgele minimum 110 palet ¢ikacak
sekilde rastgele palet ¢ikar.
Peronda bulunan paletler, rastgele, minimum 3 maksimum
10 palet olacak sekilde ¢ikartilir. Fakat burada dikkat edilen
bazi kistaslar bulunmaktadir. Bunlardan ilki, eger bir karigim
koduna ait bagka bir peron yoksa ayni statikte oldugu gibi
normal bir sekilde cikislar saglanir. ikinci olarak, eger bir
karisim koduna ait bagka peronlarda varsa oncelikli olarak
yart dolu peron sayisii azaltmak amagli kapasitesi az
olandan palet ¢ikartilarak kullanici sahalara iletilir.

Dinamik adresleme avantajlari yazilan program sayesinde
ayrintili olarak su sekilde agiklanabilir;

e Higbir karigtm kodunun kendine ait peronu
bulunmamaktadir. Bu sebeple iiretimde olmayan veya

talebi stk  olmayan karisim kodlari i¢in  yer
ayrilmamaktadir.

e En yakin atama prensibi nedeniyle forklift¢i is yiikii
azalir.

e  Yari dolu peron sayisi azaltilir. Bu sayede kapasitenin
verimli kullanilmasi saglanir.

e  Yeni karisim kodlari i¢in rahatlikla yer bulunabilir.

Statik adreslemenin dezavantajlarin1 ortadan kaldirmak,

daha verimli bir depo alani olusturmak igin belirlenen

kurallara gore elde edilen programin ekran goriintiisii Sekil

2’°de verilmistir.

Yazilan her iki programda da Tab2 sayfasi raporlama sayfast
olarak adlandirilir. Bu sayfa, giinliik olarak her perona giren
ve ¢ikan palet sayisint gostermektedir. Giren palet
miktarlarin1  bulurken tq(i) parametresini programdan
cekerek, ¢ikan palet miktarini bulurken tw(i) parametresini
programdan g¢ekerek bu islem gerceklestirilir. Raporlama
sayfast Sekil 3’de verilmistir.
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Sekil 3. Dinamik adresleme raporlama
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4.SONUCLAR

Bu asamada programlar c¢alistirilarak istatistiki veri
toplanmustir. Istatistik analiz yaparken kullanilacak verilerin
toplanmasi igin yazilan statik ve dinamik adresleme
programlari art arda n=30 kez calistirilip elde edilen sonuglar
tablolarda toplanmistir. Elde edilen 6zet bilgiler asagidaki
Tablo 1’de verilmistir.

Son olarak toplanan veriler analiz edilip, sonuglar
kargilastirilmistir.  Hangi istatistiki analiz  metodunun
kullanilacagina karar verilirken n=30 olmasi ve dinamik
adreslemenin statik adreslemeye gore ne kadar iyilesme
sagladiginin  saptanmak  istenmesi gz  Oniinde
bulundurulmustur. Bahsedilen durumlara uygun olan
yontemin esli T-testi olmasina karar verilmistir. Yapilan T-

Tablo 1. Yar1 dolu peron sayisinin karsilastirilmasi

Yari Dolu Statik Dinamik
Peron Sayis1 | Adreslemeye | Adreslemeye
Gore Gore
Mikser 1 372 204
Mikser 2 402 247
Mikser 3 405 236
Mikser 4 408 274

testi sonucunda yar1 dolu peron sayist i¢in elde edilen deger
0,000292881 olarak bulunmustur. Bulunan sayt 0,05’den
kiigiik oldugu i¢in su yorum yapilabilmektedir; dinamik
adresleme ile statik adresleme arasinda 6nemli derecede bir
fark vardir. Bu farklar Sekil 4 ve Sekil 5°deki grafiklerde goz
Oniine serilmistir.
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Sekil 4. Kullamlabilir peron sayisinin Mikser bazinda
karsilastirilmasi
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Sekil 5. Yar1 dolu peron sayisimmn Mikser bazinda
karsilastirilmasi

Bu c¢alismasinin sonucunda elde edilen ¢iktilar i¢in sunlar
sOylenebilir; kullanilan dinamik programlama yontemi ile
yazilan program ile yari dolu peron sayisi azaltilmis, bu
sayede kapasitenin daha verimli kullanilmasi saglanmistir.
Statik adreslemedeki yar1 dolu peron sayisi 1587 iken
dinamik adresleme sayesinde bu sayr 961 perona
gerilemistir. Dinamik adresleme algoritmasi yazilirken,
forkliftci is yiikiini azaltmaya yonelik Miksere en yakin
perona  palet atanmasi  stratejisi gz  Oniinde
bulundurulmustur. ~ Dinamik  adresleme  sayesinde
kullanilmayan karigim kodlar1 igin yer ayrilmamaktadir. Bu
sayede kapasite statik adreslemeye goére daha verimli
kullanilmaktadir. Kullanilabilir peron sayist dinamik
adresleme  sayesinde 213 perondan, 269 perona
cikartilmigtir. Bu sayede yeni karigim kodlari i¢in depolama
alan1 bulmak kolaylagmistir. Aynt zamanda benzer yerlesim
problemlerinde dinamik programlama ile etkili sonuglar
alinabilecegi gibi baska yaklagimlar ile de kiyaslamalar
yapilarak  arastirmacilara  yeni  arastirma  alanlari
saglayacaktir.
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Oz

Demiryolu tasimaciliginin giivenlik felsefesi agisindan, dinamik yiik altinda calisan akslarin diizenli muayenesinde hasara yol
acacak korozyon ¢ukurlart ve yorulma catlaklarinin tespiti ¢ok dnemlidir. Alinmasi gereken kalite kontrol 6nlemleri, diizenli
tahribatsiz test kontrol yontemleri ile glivenlik seviyesi gelistirilmeye ¢alisilmaktadir. Bu ¢alismada demiryolu akslarimin

ultrasonik testi igin gelismis ultrasonik muayene yontemi olan Phased array yonteminin konvensiyonel ultrasonik muayene
yontemine kars1 avantajlari nicel olarak incelenmistir.

Anahtar Kelimeler: demiryolu, aks, ultrasonik, phased, tahribatsiz

Using Conventional Ultrasonic Testing and Phased Array Method for Nondestructive
Testing of Railway Axles

1Yildiz Yarali Ozbek, 2Serhan Emre

1Sakarya University, Metallurgy and Materials Engineering Faculty, Sakarya, yyarali@sakarya.edu.tr
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Abstract
For the safety assessment of railway transportation with regular inspection of the axles working underdynamic loads, detection

of corrosion pits and fatigue cracks which lead to damage is important. Quality control measures should be taken, with regular
non-destructive testing methods are being developed safety level. In this study, the advantages of phased array method which is

for advanced ultrasonic test of railway axles over conventional ultrasonic test method quantitively.

Keywords: railway, axle, ultrasonic, phased, hondectructive

1.GIRIS

Ulkemizde hat iyilestirme ve yeni hat ingaat1 ile hizli tren
isletmeciligine gegilmektedir. Giivenilir kullanim siiphesiz
her isletmenin hedeflerinin basinda gelir. Giivenilir igletimin
sartlart ise uygun mamuliin (ray, arag) tedarik edilmesi,
montaj kalitesinin temini ve isletim sirasinda vasifli personel
ve uygun techizatla bakim ve bu kapsamda tedarik ve
isletimde ray ve araglarda gerekli tahribatsiz muayene
faaliyetlerinin gerceklestirilmesidir.

Yeni ve iyilestirilmis tahribatsiz muayene denetim
methodlar1 akslarin giivenli hizmet sartlarin1 garantilemek
icin kullanilmaktadir. Aks tizerindeki kesit degisim yerleri,
ozellikle aks ve tekerlek arasindaki gegis bdlgesi catlamaya

kars1 ¢ok daha zayiftir. Tiim bunlara ek olarak, dolu aksin
toplam hacmi de giivenli kullanim sartlar1 geregince test
edilmelidir.

Tahribatsiz muayene yontemlerinin énemli metodlarondan
olan Ultrasonik muayene yontemi malzemenin hacimsel
olarak incelenebildigi, hatalarin tiiriiniin, boyutunun ve
konumunun tespit edilebildigi bir yontemdir.

Glinlimiizde ultrasonik muayene g¢ogunlukla darbe yanki
teknigi ile gerceklestirilir. Ses darbesi muayene pargasina
gonderilir ve yanstyan darbe algilanir. Darbe, olusum yerine
geri donerse bu cihaz iizerinde sinyal olarak tespit edilir.
Operator agisindan dnemli olan aldig1 sinyalin gergekten bir
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Y Y OZBEK

hatadan m1 geldigi yoksa par¢a geometrisinden yada farkl
yonlerden yansiyan ses dalgalarinin olusturdugu hayalet
yankilar denilen ses dalgalarindan alinan sinyaller mi
oldugunun ayirt edilebilmesidir.

Phased array yontemi de ayn1 prensipde ¢aligtyor olsa da, bu
yontemde gonderilen ses dalgalarinin geklini ve yOniinii
kontrol eden bilgisayar yazilimlar1 kullanilarak hatalarin
daha hassas belirlenmesini saglayan dinamik odaklama ve
gercek zamanli goriintiileme miimkiin olmaktadir. Phased
array proplar1 birbirinden bagimsiz olarak gérev yapan ¢ok
sayida elementten olusur. Phased array yonteminin en
onemli 6zelligi bu bagimsiz elementlerin yazilim kontrolii ile
uyarilmasidir. Bu ¢aligmanin amacinda aks iizerindeki
tekerlek ve fren sistemi sokiilmeden aksm tamaminin
muayene edilmesi esas alinmigtir. Bu amagta ayni1 noktalan
yapilan muayeneler ile konvensiyonel ultrasonik muayene
ve phased array muayenesi sonuglari karsilastirilmig ve
incelenmistir.

1.1. Ultrasonik Muayenin Temel Prensibi

Tahribatsiz muayene konusunun dallarindan biri olan
ultrasonik muayene; malzemelerin analiz uygulamalarinda
genis bir kullanim alanina sahip ¢ok yonlii bir muayene
yontemidir. Ultrasonik muayene malzeme igerisindeki
hatalarin ve hata bdlgesinin yerinin tespit edilmesinde,
ayrica bunlarin akustik olarak ekrana aktarilmasiyla bu
hatalarin ~ degerlendirilmesinde,  pargalarin  kalinlik
Olciimiinde  kullanildigi  gibi, yiiksek frekansli ses
dalgalartyla kati ve sivilarin temel mekanik, yapisal ve
bilesim 0Ozelliklerinin  dlglimlerinde de kullanilabilir.
Ultrasonik muayene cihazinda kisa darbe siireli yiiksek bir
gerilim olugturulur, bu gerilim probun kristalinde insan
kulaginin igitm sinir1 diginda >16.000 Hz’lik bir mekanik
salmima neden olur. Bu salimim muayene parcasinda ses
dalgali seklinde yayilir. Ses dalgasi sinir yiizeyden yansir ve
ayni yolda kristle geri doner. Alinan ses dalgasi cihaz
ekraninda goriiniir hale getirilir. Bu sekilde gonderilen darbe
ve belirli bir ses mesafesindeki yansiticidan alinan yanki ile
cihazin dogru olarak ayarlanmasi miimkiin olur.
Konumlandirma i¢in formiil veya diger yardimcilar
kullanilarak muayene pargasindaki yansiticinin yeri tespit
edilebilir.

Gonderilen ve alinan

sinyal doniistiriicl
v $ Ses yolu
Hata

L =

\}\E\J—C_’_’p'

S
Sekil 1. Ultrasonik muayenede hata tespiti.
1.1.1 Dalga Tipleri

Gorlintiilenen
sinyal

490

Academic Platform Journal of Engineering and Science 7-3, 489-495, 2019

Ses malzemede boyuna ve enine dalgalar halinde yayilir.
Boyuna dalga vakum hari¢ her ortamda, enine dalga ise kati
ortamda yayilir. Sesin yayilma hiz1 (c) malzeme cinsine ve
dalga tipine baglidir. Ses hiz1 ve frekans arasinda asagidaki
bagmnti mevcuttur;

@

A
cC ==
T

c=AXf (3)
Bu bagintida c; ses hiz1 (m/sn), f; frekans (1/sn), A; dalga
boyu (mm)'dur.

Ses dalgalari malzemeden gegerken tane smirlari ve
safsizliklar nedeniyle az veya ¢ok zayiflarlar. Ses malzeme
igerisinde bir ses demeti halinde ilerler, ses demetinde artan
mesafe veya derinlik ile sesin basincinda ya da siddetinde
hangi azalmanin olacagi mesafenin karesi kurali ile
aciklanir.

Kazang degeri ve ayni zamanda ses zayiflamasi bir oranla
desibel olarak agagidaki bagintilar ile verilir.

__ 20.Jog(Ax/Ay)
ie— 4)
Burada A2 ve Al sesin genligini gostermektedir.

Ses mesafesi si'den Sp'ye dogru degisirse ses genligindeki
zayiflama (o) asagidaki gibi belirlenir.

Ornek olarak genlik (yanki yiiksekligi) yariya diiserse s1
mesafesinden s, mesafesine dogru ses zayiflamasi 6 dB olur.

Ultrasonik muayenede temel olarak enine ve boyuna olmak
tizere iki ¢esit dalga tipi vardir.

Boyuna dalgalarda yayinim dogrultusu ile

dogrultusu Sekil 2’ de goriildiigii gibi aynidir.

w IIIIIII Yayinim dogrultusu
|

: | Boyuna Dalga

Sekil 2. Boyuna dalga.

titresim

Titresim dogrultusu

- =

Enine dalgalarda yayinim dogrultusu ile titresim dogrultusu
Sekil 3°de de goriildigi gibi birbirine diktir.

Titregim dogrultusu

i

|_-,L_|

Sekil 3. Enine dalga.
Smurlt yayilma ortamlarinda enine ve boyuna dalgalarin
kombinasyonu olan Rayleigh Dalgast (Yiizey Dalgasi),

.

gy,

Enine Dalga

Yayinim dogrultusu
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Lamp Dalgasi (Platten Dalgast) gibi bir¢ok dalga tipi de
meydana gelir.

1.1.2 Ultrasonik Muayene Yontemi Bilesenleri

Ultrasonik muayene cihazi, esas itibariyle duyarli olarak
zaman Olgen bir osiloskoptur. Darbe - yanki tipi bir
ultrasonik cihazin blok diyagrami Sekil 4’de verilmistir.
Katot 151 tiipii (CRT veya ekran), tarama devresi, darbe
devresi, algilama-yiikseltme devresi, zaman devresi ve prob
bir ultrasonik cihazin temel elemanlarini olugturmaktadirlar.

algilama ve
yiiksel
devres

O
< \ b ¢ f >

darbe
devresi

zaman devresi
(senkronlayici)

CRT
(ekran)

R, —
S _——
tarama
devresi

test pargasi

Sekil 4. Ultrasonik muayene cihazinin sematik gosterimi.

Dalga iiretiminde piezoelektrik olaymndan faydalanilir.
Piezoelekrik malzemesine dis etki ile basing uygulanilarak
deforme edilirse yiizeylerinde elektriksel yiik olusur. Eger
basing kuvvetinin yonii degistirilerek ¢ekme kuvveti
uygulanirsa yiizeylerdeki elektrik yiiklerinin isareti degisir.
Bu olay tersinirdir ve piezoelektrik elemanin iki yiizeyine
elektrod yerlestirilerek elektrik yiikii uygulanirsa kristalin
sekli degisir. Kristale uygulanan elektrik yiikii siirekli
degistirilirse piezolektrik malzemede titresim olusturulur.
Elektrik yiikii ile mekanik basing birbirleri ile orantilidir.
Piezoelektrik 6zellige sahip birgok malzeme bulunmaktadir.
En cok kuvars ve lityum siilfat gibi dogal malzemeler ve
baryum titanat ve polisitalin keramik gibi yapay malzemeler
kullanilir.

Kilif
Epoksi
dolgu

~ Koaksiyel kablo baglantisi
Sinyal kablosu

ic plaka

Elektrotlar
Topraklama kablosu

Piezoelektrik

Asinma plakasi
element $ P

Sekil 5. Tek kristalli normal bir probun yapisi.
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1.1.3  Ultrasonik Muayenenin Uygulanmasi

Ultrasonik muayenede uygulanan teknikler ii¢ parametre
dikkate alinarak siniflandirilabilir. Bunlar; 6l¢iilmek istenen
fiziksel biiyiiklik (genlik, faz, zaman), ses iiretim gekli
(stirekli, darbe) ve siireksizliklerin etki sekli (yansitici,
golgeleyici, ses iiretici) olarak yapilabilir. Muayene teknigi
bu parametreler goz oniine alinarak secilir [2].

Darbe  yanki  yontemi, Malzemelerin  ultrasonik
muayenesinde en ¢ok kullanilan yontemdir. Bu yontem, prob
tarafindan yayilan ses dalgalarinin malzeme igindeki
stireksizlige ¢arpip geri yansiyarak tekrar proba ulagmasi
esasina dayanir. Bu yontemde Olciilen biiyiikliikler ses
basinct genligi ve darbenin girdap doniis stiresi olup
stireksizlik bir yansitici olarak etki eder.

Bu calismada da demiryolu aksi ultrasonik muayenesinde
darbe yanki yontemi uygulanmistir.

1.2. Phased Array Yontemi Uygulama Prensibi

Phased array tekniginde gonderilen ses dalgalarinin seklini
ve yoniinii kontrol eden bilgisayar yazilimlar1 kullanilarak
hatalarin baslangig ve bitis noktalarinin daha hassas
belirlenmesini saglayan dinamik odaklanma ve gergek
zamanli goriintiileme miimkiin olmaktadir [3].

Hatalarin tespit edilmesi ve analiz edilmesi i¢in kural olarak
farkli ancak belirli ses alan1 zelliklerine (normal, agil,
odaklayici) sahip bir ¢ok probun kullanilmasi gerekir.
Gerekli prop sayist test edilecek parganin geometrisine, olasi
malzeme hatalarinin konum ve yénlenmelerine ve muayene
pargasina yaklagilabilirlik durumuna baghdir. Phased Array
teknigi phased array problarindaki her bir elementin
elektronik olarak uygun bir sekilde yonlenmesiyle ses
alanina etki edilerek bir c¢ok klasik propla yerine
getirilebilecek fonksiyonlarin saglanmasini miimkiin hale
getirir.
1.2.1  Elektronik Ses Alam1 Yonetim Prensibi

Phased array problar1 birgok elementten olugan ultrasonik
kristale sahiptir, bu sekilde her element ayr1 ayr1 ultrasonik
dalga gonderebilir ve alabilir. Bunun i¢in her element bir
elektronik yap1 grubuna baglanmistir, bu baglanti génderici
durumunda elementin programlanabilen gecikme siiresiyle
uyartlmasini saglar.

Phased array teknigi probundaki elementin yonetimiyle
uygun gecikme siiresinin ayarlanmasiyla ses alani salinr
veya odaklanir. Bu saliim lineer gecikme siiresiyle
odaklama ise simetrik kare seklinde quadratic gecikmeyle
gergeklestirilir. Lineer ve kare seklinde gecikmelerin iist {iste
binmesiyle ses alani ayn1 anda saliir ve odaklanir (Sekil 6).
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Gecikme (ns)

o Son dalga yiizeyi
Son dalga yiizeyi

Sekil 6. Elektronik ses alan1 yonetim prensibi.

Alict durumunda malzemeden geri gelen ultrasonik
sinyalleri kristal elementlerine farkli zamanlarda ulasir. Her
element igin alma sinyali dijitallestirilir ve sonunda her
elementin gecike siiresi verici durumunda denklestirilir.
Sinyal iglenmesinin son asamasinda zaman diizeltmesi
yapilmus sinyaller ilave edilir.

1.2.2  Phased Array Yonteminde Tarama Teknikleri
Malzeme i¢indeki hata ve siireksizliklerin giivenilir sekilde
belirlenmesi uygulanan tarama modeli ve uygun bir prob
secimine baglidir. Muayene otomatik, yari- otomatik veya
manuel olarak uygulanabilir. Otomatik uygulamada prob
motorla kontrol edilen bir tagiyici lizerindedir, yar1-otomatik
uygulamada prob elle kontrol edilen bir tasiyiciya
baglanmistir, manuel uygulamada ise probun elle hareket
ettirilmesiyle muayene gergeklestirilir. Probun hareket
ettirilme  sekline gore farkli tarama  yOntemleri
bulunmaktadir. Otomatik ve yari-otomatik uygulamalarda
kullanilan baglica tarama yoOntemleri asagidaki gibi
siralanabilir [4].

Lineer tarama tek eksen {izerinde probun hareket
ettirilmesiyle gerceklestirilir. Genelde kaynak bolgelerinin
incelenmesi ve korozyon haritalandirilmasinda kullanilir.
Satir satir taramada probun adim adim hareket ettirilmesi
gerekirken lineer taramada ise ayni1 bolge ¢ok fazla sayida
piezoelektrik elemana sahip olan prob ile taranmasi
sayesinde tek eksen {iizerinden hareketle ve adim adim
taramaya gore ¢cok daha hizli olarak gergeklestirilmektedir.

Sektorel tarama ses dalgasinin belirlenen a¢1 araliginda ve
belirlenen ag¢1 adimlarinda farkli darbe zamanlariyla salinim
yaparak bir alanm1 tarama yontemidir. Genellikle dolu
malzemelerde hacim taramalarinda kullanilir.

1.2.3

Phased Array Yonteminde Goriintiileme

Teknikleri

Ultrasonik dalgalarla elde edilen goriintiler tarama
parametrelerine goére dalganin aldig1 yol tarafindan
belirlenir. En ¢ok kullanilan goriintileme teknikleri
dalgalarin malzeme tizerindeki davranislarinin iki boyutlu
olarak ekrana aktarilmasiyla elde edilen B, C ve D ekran
teknikleridir. Sekil 7°de goriildiigii gibi bu ekranlar muayene
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parcasimin 6nden (D-ekran), yandan (B-ekran) ve tistten (C-
ekran) goriintiisiiniin cihaz ekrani tizerinde iki boyutlu olarak
goriintiistidiir. B ve Dekranlarda parca igindeki hatanin
konumuna gore derinligi belirlenebilir [5].

Ust {C) gériindm
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Sekil 7. Phased array goriintiilerinin parga iizerindeki
karsiliklar1.

Phased array yonteminde konvansiyonel ultrasonik
muayenenin temelini olusturan A-ekran da kullanilir. A-
ekran gonderilen ultrasonik dalganin biyiikliigiinii ve aldig1
yolu gosteren bir frekans grafigi seklinde goriilen ekrandir.
Burada donen yankinin biiyiikliigiine gore ekran iizerinde
gelen yanki dalgalar1 goriiliir ve buradan malzeme i¢indeki
hata biiyiikliigii ve konumu hakkinda yorum yapilabilir.
Yank1 genligi dikey eksende, dalga ge¢is zamani da yatay
eksende yer almaktadir.

Bunlarin diginda phased array yonteminde S-ekran ve polar
goriintii teknikleri de kullanilmaktadir. S-ekran teknigi, Sekil
8’de goriildiigii gibi sektorel veya belli istikamet agisindaki
tim  A-ekran  goriintiillerinin  iki  boyutlu  olarak
goriintiilenmesidir. Probun hareket ettirilmeden kristal dizisi
boyunca elektronik tarama ile malzemenin Kkesitsel
goriintiisti  ¢ikarilabilir.  Ardi ardina kristaller onceden
belirlenmis gruplar halinde etkin hale getirilir ve probdaki
tim kristallerin kapladigi alan boyunca dogrusal tarama
yapilir. Prob hareket ettiriliyormus gibi gergcek zamanli
olarak taranan bolgenin kesitsel goriintiisii alinabilir. Bu
yontem Ozellikle otomatik olarak yapilan kaynak
muayenesinde olduk¢a kullaniglidir. Taban blogu veya
takozu takilan prob belirlenen agilarda enine dalgalar
olusturabilir ve tarama esnasinda probun kaynak dikisinden
uzaklastirilmasina gerek kalmadan ayni eksen {izerinde
hareketiyle kaynak bdlgesinin verileri almabilir. Polar
gorilintii ise boru gibi silindirik pargalarin iki boyutlu olarak
gorilintiilerinin alinmasidir.
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Derinlik (mm)

* Tarama mesafesi (mm]) B

Sekil 8. S-ekran goriintiisii.

1.2.4 Phased Array Yonteminde Kullanilan Prop

Cegsitleri

Piezokompozit malzemelerin gelistirilmesi ve mikro isleme
teknolojisindeki gelismelerle beraber ¢ok farkli yapida
problarin iretimi imkanli hale gelmistir. Prob seg¢iminde,
muayene yapilacak bolgeye gonderilecek dalgalarin
ozellikleri, kontrol edilecek bolgenin derinligi ile probun
kullanilacagi bolgeyle olan acisal konumu, muayene
yapilacak parcanin ylizey durumu gibi faktorler dikkate
alinir. Genelde lineer problar muayene yapilacak bolgeye
prob takozu denilen O6zel pargalarla tespit edilir. Bu
takozlarla gonderilen dalgalarin istenilen agida ve erteleme
stiresinde gonderilmesi saglandig: gibi farkli bolgelerde ayni
probun kullanilmasini, rnegin farkli boru ¢aplarinda farkl
icblikey yarigapina sahip takozlarin yardimiyla, imkanli hale
getirir. Phased array yonteminde kullanilan temel prob
cesitleri Sekil 9°da goriilmektedir.

{-Dlineer
"

ili°

il

Bolumlenmis dairesel

1-D dsiresel

2-D matris

EEREEE

Sekil 9. Phased array prob gesitleri

Boliimlenmis dairesel ve halka yapisindaki problar i¢ ige
konumlandirilmig kristallerden olugmaktadir. Bu problarla
ses demeti eksenine gore simetrik bir ses basinci
olusturulabilir ve parca igerisinde istenen noktaya
odaklanma saglanabilir. Lineer veya baska bir deyisle
dogrusal sirali problar ise en yaygin olarak kullanilan prob
tipidir. Bunun en bilyik nedeni bu problarin
programlanmalart ve malzeme igerisine gonderilen ses
demetinin kontrol edilmesinin diger prob tiplerine gore daha
kolay olmasidir. Bu problarda kristaller dogrusal olarak
yerlestirilmiglerdir. Boyuna, enine ve yiizey dalgasi
iretilmesi miimkiindiir.
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Matris seklinde dizilmig diizlemsel dizilimli problar lineer
problara gore daha hassas bir odaklanma imkanina sahiptir.
Ancak bu problarin imalat zorlugundan kaynaklanan yiiksek
maliyeti ve programlamasinin daha zor olmasindan dolayi
kullanim1 lineer problara gore daha azdir

2. MALZEME VE YONTEM

Deneysel c¢aligmalar; tren akslart lizerinde veya igerisinde
gozle goriilemeyen hata veya siireksizlikleri tespit edebilmek
icin ultrasonik yontem ve Phased array yonteminin
uygulanmasini kapsamaktadir.

Konvensiyonel ultrasonik muayene ve phasedarray
yonteminin hatalarin tespit edilmesi ve ayurt edilebilirligi
yoniinden karsilastirilmasi amaciyla aks iizerinde farkli cap
ve mesafe bolgelerinde 3 mm derinliginde ¢entikler agilarak
suni hatalar olugturulmustur.

Sekil 10, 11, ve 12’de deney diizenekleri goriilmektedir.

Sekil 10. Aks iizerinde olusturulan 3 mm derinligindeki
hatalar.

750mm
470mm
400mm

— 230mm
[——2z50mm

— R

Sekil 11. Aks tizerinde hatalarin konumlari.

Muayene aksin her iki yan yiizeyinde prop 360° cevresel
olarak dondiiriilerek gergeklestirilmistir.

Sekil 12. Aksin muayene edilmesi.
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3. BULGULAR

3.1 Ultrasonik Muayene Yontemi fle Aks Muayenesi

ACG +00dB
GAIN

32.0+20.0 dB
-+ 05dB

0-P= 15,36mm

-1.44¢

‘FROZEN"

1]
L

WP

GATE ~<
16.3 mm (1)

CURVED SURF.
OFF

THICKNESS
999.00mm

PROBE DELAY

VELOCITY
0.000 ps /

[1 1100

Sekil 13. 0° prop ile ultrasonik muayene goriintiisii ve
sematik gosterimi.

0° prop ile ultrasonik muayenede muayene pargasinda
ultrasonik ses dalgasi ¢ikis noktasindan itibaren herhangi bir
hata veya geometrik yansiticiya carpmadigindan dolay arka
cidara dogru ilerleyerek parga igerisinde soniimlenmektedir
(Sekil 13). Sematik goriiniim iizerinde incelendiginde 450
mm uzaklikta ufak bir geometrik sinyal goriinmektedir.
Bundan sonra 600 mm uzaklikta alinan sinyal hayalet yank1
denilen parga igerisindeki ultrasonik ses dalgalarinin
yanstyarak olusturdugu sinyaldir.

ACG +4.7dB
GAIN
32.0+20.0dB
-+ 05dB

S= 15.69mm \ -0.13mm
p=13586 =1.9a¢ 70%

‘FROZEN*

GATE -< PA CURSOR

16.3 mm (1)

PA ANGLE

A
GATE S

87.5% (1)

VOLTAGE
66 V

VELOCITY

5990 m/s
L;STEEL

PROBE DELAY
0.000 us

0 100 1700

Sekil 24. 30° prop ile ultrasonik muayene goriintiisii ve
sematik gosterimi.

Sekil 14’de 30° ultrasonik prop ile aks muayenesinde
ultrasonik ses dalgasi sematik olarak goriilebilecegi gibi
yaklagik 100 mm mesafeden yansiyarak 280 mm hatanin
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oldugu boliime geldigi i¢in bu hata net olarak goriilebilmekte
ancak yaninda olan 250 mm de ki hatadan ultrasonik ses

demeti c¢apmin disinda kalmasindan dolayr sinyal
almamamistir. Bunun disginda kalan sinyaller parca
geometrisi ve ses dalgasinin acili gonderilerek farkli
bolgelerden  yansimast  nedeniyle  parazit olarak
goriilmektedir.
S= 303.09mm \ 206. 320" M
p21432 =1.9a  70% QRIS

*FROZEN*

GATE <
341.2mm (1)

PA CURSOR

GATE A
87.5% (1)

PA ANGLE
45.0°
VOLTAGE
66V

PROBE DELAY
0.000 ps

VELOCITY
5990 m/s

L-STEEL

0

Sekil 35. 45° prop ile ultrasonik muayene goriintiisii ve
sematik gosterimi.

Sekil 15°de verilmekte olan 45° prop ile ultrasonik
muayenede ses dalgast yaklasik 50 mm ve 130 mm gift
sekmede yanstyarak 250 mm ve 280 mm uzakliktaki iki
hatanin oldugu bolgede 280 mm deki hatadan daha yiiksek
sinyal almak kaydiyla iki hata da tespit edilebilmistir.
Bununla beraber 300 mm uzaklikta aks geometrisinden
kaynaklanan sinyalde goriilebilmektedir. Sonraki hatalarin
ultrasonik dalganin aks icerisinde bir¢ok yerden yansimasi
sebebiyle hayalet yankilar ve parazitler arasinda ayirt
edilmesi miimkiin olmamaktadir.

ACG+148d8
GAIN
32.0+14.0dB
-+ 05d8

PA CURSOR

GATE <
140.3 mm (1)

PA ANGLE

A
GATE 60.1°

87.5% (1)

VOLTAGE
66V

PROBE DELAY
0.000 s

VELOCITY

5990 m/s
L-STEEL

[] 1700 [Smm])

Sekil 46. 60° prop ile ultrasonik muayene goriintiisii ve
sematik gosterimi.

Sekil 16’da 60° prop ile ultrasonik muayenede ultrasonik ses
dalgas1 parca geometrisine gore bircok bdlgeden
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yansidigindan dolay1r ¢ok fazla hayalet yanki ve parazit
olugsmaktadir. 300 mm uzakliktaki parga geometrisinden
gelen sinyal baskin olarak goriilmekte ancak hata
sinyallerinin bu parazitler arasindan ayirt edilmesi miimkiin
olmamaktadir. Muayene parcasinin dogal sinirlart (arka
cidar, kenar) ses dalgasini parca icerisindeki hata gibi
yansitir ve darbe siireleri veya ses yollart ile hata
bulgusundan ayirt edilebilir. Bu ayrim ¢ogu kez ilave prop
pozisyonu ile yapilabilir. Diizlem veya dik a¢ili yiizeylerden
ses ¢ok iyi yansimaz. Bazi gelis agilarinda 6rnegin yaklagsik
60° enine dalga gelis agisinda, kdse etkisi meydana gelmez,
neredeyse tamamu ¢ikis noktasina geri dénmeyen ve gelen
ses dalgasina dik boyuna dalgaya doniigiir

3.2 Phased Array Yontemi Ile Aks Muayenesi

Muayene TD Handy Scan RX Phased Array muayene cihazi
ile gergeklestirilmistir. Tarama probu olarak 16 elementli
Olympus 5L16A-1 probu kullanilmistir. Sekil 17°de
goriildiigii tizere her farkli ¢ap bolgesinde sektdrel tarama ile
ses demeti odaklanarak aksin toplam hacminin muayene
edilmesi amacglanmigtir. Tarama bolgelerini belirleme
¢alismasinda S-Beam Tools yazilimi kullanilmustir.

Sekil 57. Phased array tarama bolgeleri.

Muayene sonrasi test raporu Sekil 18°de gosterilmistir. Aks
tizerinde 250 mm, 280 mm, 400 mm, 470 mm ve 750 mm
mesafelerinde olusturulmus olan hatalar test raporunda
goriilebilmektedir.

Distance (mm) Distance (mm)
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Sekil 186. PhasedArray muayenesi test raporu.
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4. DEGERLENDIRME VE SONUC

Bu caligmada {istiin ozelliklere sahih ve yaygin olarak
kullanilan geleneksek ultrasonik metod ile yeni ve daha
gelisgmis  bir metdo olan phase array yontemi
kargilagtirtlmigtir. Her iki yOntemde hacimsel hatalarin
tespitinde kullanilmaktadir.

Konvansiyonel ultrasonik muayenede monokristal bir prob
kullanilarak dalgalar gonderilir. Bazi durumlarda ise hem
alic1 hem verici gorevini ayri elemanlarla yapan ¢ift elemanli
problar kullanilir. Ancak phased array yonteminde kullanilan
problar birbirinden bagimsiz olarak gorev yapan ¢ok sayida
elemandan olusur. Bu eleman sayisi 16'dan 256'ya kadar
ulasabilmektedir. Endiistride genellikle calismamizda da
kullandigimiz 16 elementli proplar kullanilir. Muayene
duyarliligini arttirmak icin element sayisi yiiksek olan
proplar kullanilabilir ancak yiiksek maliyetler sebebiyle ¢ok
tercih edilmez.

Phased array yonteminde elementlerin farkli zamanlarda
ateslenmesiyle saglanan lineer tarama ve sektorel taramada
dinamik odaklama kabiliyeti sayesinde ozellikle biiyilik
pargalarda meydana gelen konvensiyonel ultrasonik
muayenedeki ses demetinin a¢inim agisindan kaynaklanan
sesin dagilmasinin 6niine ge¢ilmistir.

Phased array yonteminin tek prop ile ¢ok agili ses dalgasi
uygulanabilmesi, ses demeti yoniinde ve tarama yoniinde
mesafe kaydi islenmis veri ile ii¢ boyutlu degerlendirme
olanagi, kolay hata bulma ve genig raporlama ozelligi ile
operatdre bagimlilik azalmaktadir. Farkli ses demetleri
olusturarak odaklama yetenegi ile konvensiyonel ultrasonik
muayenede olusan 6zellikle biiyiik par¢alarin muayenesinde
ses demetinin dagilmasi sebebiyle hatanin tespit
edilememesi gibi problemlerin Oniine gec¢ilmistir. Prop
sistemlerinin boyutlarinin kii¢iik olmasi kisith muayene
yiizeylerinde yiiksek hassasiyet saglamaktadir.

Phased array yonteminin konvensiyonel ultrasonik
muayeneye nazaran dezavantajlari ise ekipmanlar ve yedek
pargalarin yiiksek maliyette olmasi, kalibrasyonun karmagik
ve zaman alici olmasidir. Bu sebeplerden otiirii iyi ve
donanimli operatorlere gereksinim vardir.
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Abstract

Telecommunication technologies show great changes all over the world. Next generation technologies replace older ones.
Alternatives of the technologies force the users to make a choice between the competing technologies. Generally, an adverse
effect is shown on the usage of older technologies when a new competitor is introduced to the market.

In this paper, substitution effect on telecommunication technologies in Turkey is examined from the perspective of fixed-mobile
substitution and next generation mobile technologies. The study uses two different technology diffusion models for each case:
Logistic Substitution models and Gompertz model. Generic diffusion model and substitution model are compared in terms of
RMSE and MAD. Fixed-line and mobile telecommunication technologies are inspected together to see substitution effect of
mobile telecommunication on fixed-line, firstly. In the second step, fast technological change in the mobile telecommunication
technology is handled for Turkey. 2G, 3G and 4.5 G technologies are analyzed to see diffusion and substitution process of these
technologies. All the results indicate that; Logistic Substitution model is better to simulate the systems in competitive
environments. On the other hand, 2G technology is found the most affected technology by the substitution.
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Telekomiinikasyon teknolojileri tiim diinyada biiylk bir degisim igerisindedir. Yeni nesil teknolojiler eski teknolojilerin yerini
almaktadir. Alternatif teknolojilerin varligi, kullanicilar1 teknolojiler arasinda tercih yapmaya zorlamaktadir. Genellikle, ayni
sektorde rekabet eden yeni bir teknoloji piyasaya sunuldugunda eski teknolojilerin kullaniminda olumsuz bir etki
gozlenmektedir.

Bu ¢aligmada, Tiirkiye'deki sabit-mobil ikamesi ve gelecek nesil mobil teknolojilerinin yayilimi incelenmistir. Caligmada, her
bir durum igin Lojistik Tkame modeli ve Gompertz Diflizyon modeli kullamlmistir. Klasik difiizyon modeli ve ikame modeli
RMSE ve MAD agisindan karsilastirilmigtir ve 6ncelikli olarak, sabit hat ve mobil telekomiinikasyon teknolojileri, mobil
telekomiinikasyonun sabit hat iizerinde olusturdugu ikame etkisini gérmek igin birlikte ele almmmustir. ikinci adimda,
Tiirkiye’deki mobil telekomiinikasyon teknolojisinde yasanan hizli teknolojik degisimler ele alinmaktadir. Bu teknolojilerin
diflizyon ve ikame etkilerini gdrmek i¢in 2G, 3G ve 4.5G teknolojileri analiz edilmistir. Tiim sonuglar, Lojistik Tkame modelinin
rekabetci ortamlari simiile etmekte daha basarili oldugunu gostermektedir. Diger taraftan 2G teknolojisi ikame etkisinden en ¢ok
etkilenen teknoloji olarak bulmustur.
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Anahtar Kelimeler: Lojistik Tkame Modeli, Gompertz Model, Telekomunikasyon Teknolojileri, [kame Etkisi

1. INTRODUCTION

In recent years, telecommunication technologies have made
a dramatic change and a great improvement. With the
development of wireless telecommunications technology,
fixed-line telecommunications technology shows a sharp
decline all over the world. On the other hand, by the end of
2017, global mobile phone subscribers reached 5.7 billion.
This equals 62.9% of the world's population [1]. The journey
that started with fixed line has now reached 5G technology.
Large investments and reasonable profit margins make this
market attractive for investors. However, it is one of the most
dynamic market segments due to continual technological
changes. With the deployment of these new technologies the
number of communication options increased. This
influenced the way in which people communicate. The rapid
increase in the number of mobile users was caused a decline
in the number of fixed-line subscribers. Precisely at the point
when these technological improvements in the
telecommunication sector are considered, understanding
diffusion of the new technology becomes very important to
evaluate the future of that technology for investors. The
effects of innovation on micro and macro-economic growth,
competition, future trends of technology and business history
have become more visible as a results of detailed diffusion
analysis [2].

The diffusion of innovation was defined by Rogers as “The
process by which an innovation is communicated through
certain channels over time among the members of a social

system” [3]. The path that the cumulative adoption of an
innovation takes between introduction and saturation is
generally modeled by an S curve [4]. On the other hand,
many studies have tried to model the diffusion of an
innovation so far. Researchers can be referred to Meade and
Islam [4] and Geroski [5] for a detailed literature of diffusion
models. A diffusion model can easily explain the expected
life cycle of an innovation. Also, new technologies and
generations are competing with each other because of the
consumers’ behavior. Technological substitution by its
nature produces technological change and consequently, is a
component in the creation of new economic value and wealth
[6]. The substitution effects on telecommunication
technologies have become interesting subjects for
researchers for the reasons mentioned above. Table 1 gives
the related literature in a chronological order.

As understood from the literature, there has been a focus on
the country based cases. Substitution is inspected from
different perspectives as seen in the literature. Especially,
mobile to fixed-line substitution is the most popular one
between them. Results indicated that there is a negative
effect of the mobile phone diffusion on the fixed-line
telephony penetration rate [7], [8]. Furthermore some studies
investigated the  next  generation  effects on
telecommunication technologies [9]. Also, substitution
specific diffusion models are rarely compared with generic
diffusion models [10].

Table 1. Literature about the Substitution Effects on Telecommunication Technologies

Study Subject Results

Johnson and Predicting a technological substitution in This research has shown that the Norton-Bass

Bhatia [6] land mobile radio. model provides better regression output than the
best case regression techniques.

Barros and Evaluating the impact of mobile phone Entrance of new technologies may induce a sizeable

Cadima [7] growth on the fixed-link network. negative effect upon previous generation

technologies.

Sung and Lee
[11]
fixed-line telephones in Korea.

Examining the impact of rapid growth in
mobile telephones on the access demand for

The empirical analysis indicates that a 1% increase
in the number of mobile telephones results in a
reduction of 0.1~0.2% in new fixed connections and
a 0.1~0.2% increase in disconnections.

Hamilton [12]

reverse causality between them.

Examining the relationship between mobile
and fixed-line telephones by accounting for

Mobile telephones act as a competitive force
encouraging fixed-line providers to improve access.

Rodini, Ward Estimating the substitutability of fixed and
and Woroch mobile services for telecommunications
[13] access using US house hold survey

conducted over the period 2000-2001.

Mobile service is a moderate substitute for fixed-
line access.

Table 1. Literature about the Substitution Effects on Telecommunication Technologies (contuniues)

Liikanen,
Stoneman and

Toivanen [9] and 2G)

Analyzing the role of generational effects in
diffusion of mobile telecommunication (1G

The results from a generation-specific approach
differ significantly from those of a generic model.
1G (2G) has a positive (negative) effect on 2G (1G)
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Taubman [14]

across Eastern Europe and the Former
Soviet Union
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diffusion. Both generations are substitutes for fixed
phones.

Vagliasindi, Exploring the competition between It is concluded that adoption of mobile telephony in
Giiney, and traditional fixed line and mobile services transition countries is a formidable alternative to

fixed line telephony. On the other hand it has
already led to significant advantages in terms of
increasing coverage and connectivity of the
population.

Briglauer,
Schwarz, and
Zulehner [15]

Estimating own-price elasticities for fixed
network voice telephony access and national
calls services for private users as well as
cross-price elasticities to mobile services
using time series data from 2002 to 2007
from the Austrian markets.

Demand for access services is inelastic and that the
cross price elasticity to mobile is insignificant.

Srinuan, Investigating whether mobile broadband isa  The own-price and cross-price elasticities show that
Srinuan, and complementary or substitute service to fixed mobile is substitute service to fixed in most
Bohlin [16] broadband by examining survey data of geographic area of Sweden
Sweden in 2009.
Ward and A panel data analyses for China (1998 to Fixed and mobile subscriptions are fairly strong
Zheng [17] 2007) is used to estimate own and cross- substitutes.
price elasticities for fixed and mobile
telephone service.
Grzybowski Inspecting substitution between access to Fixed-to-mobile substitution was slowed down by
[8] fixed-line and mobile telephony in the EU the spread of Internet but it may continue with the
using cross-section panel data on spread of mobile broadband.
households’ choices of telecommunications
technologies in years 2005-2010.
Barth and Investigating the degree of fixed—mobile The estimated cross-price elasticities of the mobile
Heimeshoff call substitution within different European price on the fixed-line call demand are relatively
[18] countries. large compared to other studies.
Chang et al. Investigating the performance of the Lotka-  They concluded from the study that the Lotka-
[10] Volterra and Bass models in the saturated Volterra model shows better performance under
mobile phone market of the Republic of competition.
Korea.
Grzybowski Inspecting substitution from fixed-line to 1. There is significant fixed-to-mobile substitution.

and Verboven
[19]

mobile voice access, and the role of various
complementarities that may slow down this
process for 27 EU countries during 2005-
2011.

2. The decline in fixed telephony has been slowed
down because of a significant complementarity
between the fixed-line and mobile connections
offered by the fixed-line incumbent operatér.

3. The decline in fixed telephony has also been
slowed down because of the entrance of broadband
internet.

Lange and Exploring the access substitution between Strong access substitution between fixed-lines and

Saric [20] fixed-lines, mobiles, and managed VolP ina  mobiles and provides indicative evidence on the
unified EU cross-country framework. substitution between fixed-lines and VolP

Leurcharusmee Estimating the impact of users” mobile The regression analysis showed that mobile

et. al. [21] broadband subscription broadband subscription has a positive significant

on their decision to terminate fixed
broadband subscription

effect on the decision to cancel fixed broadband
service.

In this study, we handle the case of TURKEY. Turkey has
increasing population growth and shows a fast economic
improvement as a developing country. It is an unexamined
country from the perspective of diffusion of the
telecommunication sector and there are only a few studies
about developing countries in the literature. On the other
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hand, telecommunication technologies in Turkey show a fast
development process which has many effects on consumers.
Therefore, we aim to add to contribute to the literature by
modeling mobile diffusion and substitution effects on the
sector for Turkey. Furthermore, future trends and patterns in
the telecommunication technologies are modeled. The data
of two time-series showing the number of mobile
telecommunication subscribers and fixed-line subscribers
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are used to examine the diffusion patterns. Procedure of the
study is given in Figure 1.
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Fixed-Line Subscribers

Gompertz Diffusion Model

Comparison for

Mobile Subscribers

Logistic Substitution Model

substitution effect

2G

Gompertz Diffusion Model

3G

Comparison for
substitution effect

Mobile Subscribers

Logistic Substitution Model

Figure 1. Procedure of the study

Turkey has almost reached saturation level in mobile
telecommunication within the last 20 years. The penetration
rate of mobile telecommunication was announced as 97.6%
in September 2017 (The population of Turkey was
79,814,871 million in 2016 based on the Address Based
Population Registration System of Turkey). Decreasing
prices and increasing capabilities, in particular, have caused
a significant rise in the number of mobile subscribers [22].

A diffusion analysis of telecommunication technologies
gives important clues about market potential, current states
of the market and saturation level. Using appropriate
diffusion models helps to forecast the short-term demand of
the market. On the other hand, we expect to find meaningful
results for technology investors about the trends of
telecommunication technology in Turkey. The rest of the
paper is organized as follows. Section 2 sets out the mobile
market overview in Turkey. Section 3 inspects the related
diffusion models. Section 4 presents the data, model
evaluation and results for telecommunication diffusion and
substitution effects in Turkey, and Section 5 contains
concluding remarks and discussion.

2. TELECOMMUNICATION MARKET OVERVIEW
IN TURKEY

In Turkey, while fixed telephony has an almost one hundred
years history (1924), the mobile phone was only introduced
in 1994. The first GSM (Global System for Mobile
Communication) operator, Turkcell, was introduced in
March 1994 and had a 900 MHz frequency license. Two
months later, Telsim, the second operator in Turkey, was
introduced to the communications sector. After 1994, a rapid
diffusion process was seen in mobile phone diffusion in
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Turkey. Furthermore, Turkey has the highest minutes of
usage (MoU) value, with 331 minutes, among European
countries (ICTA, 2016).

On the other hand, mobile technology has been developing
rapidly and 3G technology was introduced to the sector in
2009. The legal framework of the telecommunications sector
in Turkey has been guided by the Ministry of Transportation,
Maritime Affairs and Communications. However, Law No
4502 dated 27.01.2000, amending Laws No 406 and 2813,
which are the basic laws concerning the telecommunications
sector, separated policymaking, regulation and operation
function (Information and Communication Technologies
Authority - Establishment, 2015). While regulation function
was given to the Information and Communication
Technologies Authority, policy making became the
responsibility of the Ministry of Transportation, Maritime
Affairs and Communications. Telegraphs, fixed telephony,
postal services and, mobile telephony are under the charge
of the ministry. For details of the telecommunication policies
in Turkey, researchers can be referred to Burnham [24] and
Atiyas [25]. In Table 2, the chronological development of the
telecommunication sector in Turkey is given.

3. MATERIALS AND METHODS

3.1. Generic Diffusion Models

Rogers [3] classes adopters in to five categories: the
innovators (2.5% of adopters), followed by the early
adopters (13.5%), and followed by the early majority (34%),
the late majority (34%) and the laggards in the rear (16%).
These percentages display a normally distributed bell shaped
curve, which defines the adoption process of adopters and
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the cumulative values of these adopters’ percentages
represent an S-shaped curve. The diffusion of
telecommunication technologies follows an S-shaped curve,
similar to the diffusion of most other technological
innovations [3]. There are many different mathematically
formulated S-shaped curves in the literature: Logistic,
Gompertz, Logarithmic Logistic, Simple Modified

Academic Platform Journal of Engineering and Science 7-3, 496-506, 2019

Exponential, Log Reciprocal, etc. These curves are easily
adapted for diffusion models. On the other hand, the Bass
diffusion model yields an S-shaped curve similar to those of
other models and is used in innovation diffusion analysis
extensively. We give a detailed explanation of the Gompertz
model, which is also employed in this study. The Gompertz
[26] curve is given as:

y, = qe P

)

Table 2. Milestones of Telecommunication Sector in Turkey

Year Improvements

1924 Fixed lines were used for the first time.

1983 A governmental body responsible for radio frequency management was established.

1994 Post and telecommunication services were separated. The telecommunication side was organized as
Turk Telecom (TT). The first GSM operator, Turkcell, was introduced. Telsim started GSM as the
second operator.

2000 The telecommunications Authority was established (Information and Communications Technologies
Authority - ICTA). Telecom Authority was given licensing authority for the first time. Telsim started
GPRS (General Packet Radio Service). Aria and Aycell started GSM 1800.

2003 Turk Telecom started to give ADSL (Asymmetric Digital Subscriber Line) service. Aria and Aycell
were merged as Avea.

2005 Turk Telekom was privatized and Telsim was sold to Vodafone.

2008 Mobile number portability was allowed and price cap application on off-net calls started

2009 Third-generation (3 G) services started.

2015 The tender for 4.5 G mobile technology held by the Information and Communication Technologies

Authority.

In equations 1, o represents the saturation level or the
potential maximum value of the response variable. g and y
are both positive parameters related to the location and speed
of diffusion, respectively. y is defined as the parameter
related with the rate at which the response variable reaches
its potential maximum [27]. On the other hand, t is a linear
time matrix and can be givenas t= /1, ..., T'] [28].

The Gompertz model outperforms if the diffusion process
weakly correlates with the number of adopters when the
diffusion process slows down [29]. Furthermore, if the
growth of the diffusion is quite rapid at an early phase, the
Gompertz function is the best method, because Gompertz
attains the maximum rate of growth at an earlier phase to the
other models.

On the other hand, if the growth is initially slow, the growth
speed also affects the inflection point of the curves (tm). The
inflection point, which means the maximum rate of the
growth of Gompertz, occurs before 37 % of cumulative
adoption. [30].
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3.2. Diffusion Models for Substitution Effects

New technologies always force to replace the predecessors
and generally superior than older ones. Modelling a next
generation technology by generic diffusion models misses
some important points, such as competition effect of
technologies. Sharing the same market by competitors has
adverse effects on the diffusion rate. In the literature, there
are many diffusion models developed for inspecting
substitution effects on diffusion of technologies. Most
popular ones are Logistic Substitution model, Lotka-
Volterra model, Fisher-Pry model and Norton-Bass model.
Logistic Substitution is explained detail in the below.

One of the other most popular substitution models is Logistic
Substitution model which is a derivative of Fisher-Pry
model. Logistic Substitution model is defined as “forecasting
technological opportunities, recognizing the onset of
technologically based catastrophes, investigating the
similarities and differences in innovative change in various
economic sectors, investigating the rate of technical change
in different countries and different cultures, and
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investigating the limiting features to technological
change.”by Fisher and Pry [31]. The diffusion cycle of
competitive technologies is subdivided as: growth,
saturation and decline, where the growth and decline stages
are logistic growth processes [32]. Logistic Substitution
model is more general form of Fisher-Pry model to deal with
more than two competing technologies. Equation [33] is
given as:

fio= /11 + exp(-ait - )] B
where i=1,..., n (n is the number of competing technologies)
and «a; and p; are the estimated coefficients. «; is the growth
parameter and B; is the parameter specifies the time (tm)
when the curve reaches midpoint of the growth trajectory.
f; is the diffusion rate of the i™" technology. Now we suppose
an older technology (j) in the market, new situation can be
formulated as

fi =1~ Zie fi(®) ®)
() = log 0 @

4. ANALYZE ON TELECOMMUNICATION
TECHNOLOGIES IN TURKEY

4.1. Present Situation of Fixed-line and Mobile
Telecommunication Technologies

The data set considered in this paper comprises 88 quarterly
data (last quarter of each year) of total fixed-line subscriber
numbers and 23 quarterly data (last quarter of each year) of
total mobile subscriptions from Turkey. The number of
mobile subscriptions includes both the prepaid and postpaid
sectors. Mobile subscription can be defined as an account
created by an operator or service provider. Fixed-line
subscriptions are also consisting of the values explained by
the responsible authorities. Data are obtained from the
Turkish Statistical Institute and the ICTA. We only use the
end of year (Q4) data from 1994 Q4 to 2017 Q4 for mobile
subscription and 1929 Q4 to 2017 Q4 data for fixed-line
subscriptions. Gompertz model is used to explain fixed-line
and mobile diffusion in Turkey from a generic model
perspective. The cumulative number of mobile subscribers
and fixed-line subscribers are plotted in Figure 2.

There was a decrease in cumulative subscribers after the year
2008 for two periods (16th and 17th periods) for mobile
market. Mobile network operators in Turkey had imposed
different charges on "on-net” and "off-net” calls until 2008.
The huge price differences between on-net and off-net calls
had led many consumers to hold multiple SIM cards for
different operators in the Turkish market [34] to avoid high
bills. The Turkish regulatory authority, the ICTA, imposed a
price cap on off-net calls to all mobile network operators [35]
and mobile number portability became available,
simultaneously. As a result of these legal arrangements,
many subscriptions were cancelled after 2008 by customers.
On the other hand, fixed-line technology appears in a
standard technological life-cycle. Also, a closer look is given

501

Academic Platform Journal of Engineering and Science 7-3, 496-506, 2019

for next generation mobile telecommunication technologies
in Figure 3.
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Figure 2. Total mobile and fixed-line subscriber in Turkey
4.2. Substitution Effect of Mobile on Fixed-Line

In this part, we estimate the Gompertz and Logistic
Substitution model by using the available data. Gompertz
and Logistic Substitution models are tested by the Nonlinear
Least Square method (NLS) with the help of the Loglet Lab
Software [36]. In the literature, many techniques have been
used for testing the diffusion curves. The Ordinary Least
Square method [37], Maximum Likelihood Estimation
(MLE) [38], and NLS [39] are frequently used in the
parameter estimation of diffusion curves. It is indicated that
NLS outperforms the OLS and MLE methods in terms of
forecasting performance because of the nature of the
diffusion equations [40]. The NLS estimation procedure
overcomes the time-interval bias; the bias results from
estimating a continuous-time model by using discrete time-
series data in the OLS [41]. We estimate the diffusion models
over the whole data set for comparison purposes. The MAD
and RMSE are selected as forecasting performance criteria.
The NLS method needs initial parameters to start the search
procedure. Wrong starting values result longer iteration,
greater execution time, and non-convergence of the iteration
[27]. An efficient order to specify starting values is o, y and
B for Gompertz model. The formulas of starting values for
Gompertz is calculated as the mentioned in the literature
[27]. The results of the growth curves are given in Table 3,
and Figure 4 depicts the related results of Gompertz curves
of the actual and predicted data sets for both technologies.
Gompertz diffusion model for fixed-line and mobile
subscribers have a significance value (p) smaller than 0.05,
as indicated in Table 3. According to the performance
criteria, the models seem appropriate to depict the diffusion
of fixed-line and mobile telecommunication in Turkey. On
the other hand, a sharp decline for fixed-line after the mobile
telecommunication entrance to market can be shown clearly
and this is an important clue for substitution effect on fixed-
lines. tm which the inflection point for that technology is
found as 1989 for fixed-lines and 2002 for mobile
technology. Maximum adopters for the related technologies
are 16.5x106 users and 75.9x106 users for fixed-line and
mobile technology, respectively.
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Figure 3. Cumulative Mobile Subscribers depending on the next generation technologies(x10°)

Table 3. Results of the Gompertz Curve Fitting

Gompertz 2

Curve o B Y tm RMSE MAD MAPE R P
Fixed-line 165 |52 |028 |1989 |17 1.46 0.52 0.92 | 6.42xe®
Mobile 759 |58 |026 |2002 |29 2.17 0.07 0.96 | 4.8xe™
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Growth rates of these two technologies are given in Figure
5. Sharp declines of the rate in the years around the years
2000 and 2007 prove that technological improvements and
entrance of new competitors to the market changed the
penetration rate and that these exogenous interventions
manipulated the structure of the diffusion process, and
caused to the diffusion curves deviate from the conventional
S-shaped curve. Furthermore, Gompertz results show that
change of growing rate of fixed-line has already been slow
down before the entrance of mobile technology to the market
as seen Figure 5. This does not imply that fixed-line reached
the maximum adopter number before the entrance of mobile
technology to the market. But it means that diffusion
acceleration of fixed-line technology also slowed down
before the entrance of mobile technology

to the market. The findings support that the Gompertz model
inflection point occurs before 50% of the curve. 1989 and
2002 years represent the 37% of the adoption for these
technologies. On the other hand, the years 2005 and 2020 are
found the 99% adoption of fixed-line and mobile
technologies, respectively.

In the second step, to see the substitution effect on the fixed-
line, we apply Logistic Substitution model to fixed-line and
mobile telecommunication data. Results of the
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Logistic Substitution model are given below in Table 4 and
Figure 6.

p values of Logistic Substitution models are smaller than
0,05 as seen in Table 4. Both of the cases fit to the data
almost in the same performance. Also, the error values of
Logistic Substitution fitting show better performance than
Gompertz curves for both technologies while R? values are
smaller than the Gompertz curve fitting. Logistic
Substitution fitting also shows that a clear substitution
effects can be shown on fixed-line after the first year of
mobile telecommunication in the market. On the other hand,
both of the technologies show almost the same diffusion rate
in the market. Mobile technology shows a positive
acceleration while fixed-line shows a negative acceleration
because of the substitution effects on it. As a result of two
analyses, Gompertz curves have better R? values, but
Logistic Substitution models gives smaller error functions.
This implies that fluctuations on the diffusion of
telecommunication technologies are better represented by
the Logistic Substitution model because of the substitution
effect of mobile technology on fixed-line causes unexplained
variances on the diffusion rates.

Rate
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Figure 5. Growth rates of Gompertz Curves

Table 4. Results of the Logistic Substitution Model

Logistic Substitution | o | B Y tm RMSE | MAD | MAPE | R? P
Fixed-line 1 |-16.6 | -0.26 | 2003 | 0.07 0.06 0.50 0.81 | 5.20xe®
Mobile 1 (174 | 025 |2002 |0.08 0.07 0.23 0.81 | 8.49xe®

4.3. Adoption of Next Generation Telecommunication
Technologies in Turkey

Mobile telecommunication in Turkey has not a long history
when it is compared to fixed-line. A fast technological
improvement is shown in mobile telecommunication
technology since 1994 in Turkey. Three generational
changes had completed in the market so far. On the other
hand, infrastructural changes do not always imply a certain
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adoption of users because of the compatibility of users’
devices. In this section substitution effect on the mobile
GSM technologies are investigated to see the effects of
infrastructural changes. 2G, 3G and 4.5G mobile
technologies are compared by using Gompertz model and
then Logistic Substitution model is used to see the
substitution effect on different generation of mobile
technologies. Quarterly data are used for prediction. Results
of Gompertz model are given in Table 5 and Figure 7.
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Inflection points of the diffusion processed of mobile Mobile Telecommunication

generation technologies are found as the years 2002, 2011 100

and 2019 for 2G, 3G and 4.5G, respectively. 2G technology e i
has the biggest diffusion rate (y=0.85) and this implies g w0 —
availability of the ready users in the market for this 2 5 o Gompertz for 36
technology. On the other hand, 3G and 4.5G have same I o '."-, o g P
diffusion rates in the market. Best fit is supplied for 4.5G £ k; L > 4l Gompertz {or 45G
technology depending on the Gompertz curve fitting. s ¥ = vl *

Change rates of adopter numbers are represented in Figure 8. E " :{’F‘ f-’"'«".,,_ '.:' =TT

As seen in the Figure 8, largest change occurs on 4.5G, while o - ! g e,

the smallest change occurs on 3G. 3G is an intermediate M s we

technology for mobile market and it is sharing the market 0 10 20 30Year40 50 60 70

with 2G during seven years. Competition has an adverse
effect on 3G technology as seen in the Figure 8, but this can
be easily shown in the next, Logistic Substitution step. In the
next step, we investigate the substitution effect on mobile
telecommunication  technologies by using Logistic
Substitution model. Results are given in Table 6 and Figure
9 depicts the market share of three generational technologies. 61 o0 A\ "
When 4.5G introduce to the market, almost 0.50% of 3G /
users had switched to the 4.5G as seen in the Figure 9.
Diffusion rates (y) imply that 2G is the most affecting
technology from competition. On the other hand, market is
dominated by 4.5G technology as expected. Furthermore,
Figure 9 depicts that 2G technology saturated before the | !
entrance of 4.5G. Switching between 2G and 3G is slower ' \
than switching between 3G and 4.5G. This can be a result of g . B 3 o & 87 & nt
the device compatibility or a resistance to a new technology. Year
Because, major differences of two technologies, especially Figure 8. Growing rates for mobile next generation
transmission with MMS, may have caused a late adoption Technologies
process for 3G. On the other hand, need for changing the
SIM cards for new GSM technology is another issue for Mobile Telecommunication
adopters. After the year 2012, market is captured by 3G until
2017 as seen in Figure 9. L-joeemansssesssces e o &
Fixed-line and MobileSsubstitution )

Figure 7. Gompertz curves for mobile next generation
technologies
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Figure 6. Logistic Substitution Fitting

Table 5. Results of the Gompertz Model for Mobile Generation Technologies

Gompertz )
Curve o B Y tm SSE | RMSE | MAD | MAPE | R P

2G 29.9 1.73 | 0.85 | 2002 | 58.2 | 2.9 2.36 0.63 0.97 | 0.000385
3G 46.6 6.79 | 0.22 | 2011 | 1225 | 7.0 4.77 0.13 0.95 | 1.52xe10
4.5G 81.2 6.62 | 0.22 | 2019 | 1.40 | 0.53 0.51 0.01 0.99 | 0.000138
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Table 6. Results of the Logistic Substitution Model for Mobile Generation Technologies
Logistic )
Substitution A | B Y tm SSE RMSE MAD MAPE R P
2G 1 |-255 -0.17 2012 | 0.08 0.045 0.03 0.15 0.97 2.96xe 2
3G 1 | 237 0.19 2012 | 0.05 0.05 0.04 0.11 0.96 2.80xe 1
4.5G 1 |132 0.33 2017 | 0.0001 0.006 0.006 0.01 0.99 0.00319

Achieving the mentioned adoption processes of new
generations means that Turkey probably has a matured
telecommunication market which is adequately open to next
generation technologies. Switching between the new
generations is faster than before. Users generally show a fast
adoption process as seen in the results.

5. CONCLUDING REMARKS AND DISCUSSION

In this paper, the growth of the telecommunication market in
Turkey is analyzed. The hypothesis that the adoption of the
fixed-line and mobile telecommunication in Turkey follows
an S-curve is proved by Gompertz curve fitting. On the other
hand, Logistic Substitution model is used to understand the
substitution effects between these technologies. Al the
results indicates that; Logistic Substitution model is better to
simulate the systems in competitive environment. In the
fixed-line and mobile telecommunication analysis, all
models are quite capable of describing the diffusion process.
Calculated statistical errors and performance characteristics
for the models show that both models appropriate for market.

On the other hand, fluctuations on the diffusion of
telecommunication technologies are better represented by
the Logistic Substitution model because of the substitution
effect of mobile technology on fixed-line causes unexplained
variances on the diffusion rates. Competition is considered
to explain change of diffusion rates and gives better results
for Logistic Substitution model. Furthermore, the regulatory
framework has been very effective in the diffusion process
of telecommunication services in Turkey. The decrement
and increment in the number of adopters after the regulations
cannot be ignored in Turkey in the mobile
telecommunication market. As seen in Figure 5, the highest
amounts of changes in the growing rate are detected when
the external interventions of the regulatory authority affect
the market.

In the diffusion of mobile technologies in Turkey, both of the
models are very suitable to represent the cases, but the
Logistic Substitution models have smaller error values for
each generation. On the other hand, 3G technology as an
intermediate technology has not a fast diffusion process
because of the radical changes that it brought to the
communication process. But 4.5G has the fastest adoption
process as a result of infrastructural sufficiency and device
compatibility. Most mobile devices of 3G users were ready
for use with 4.5G technology and adopters shifted to the new
technology to maximize the utility, easily. 2G technology
was already saturated before 4.5G.
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The study also has some limitations. The use of more
diffusion models would be better to simulate the market.
Especially, the diffusion models like Norton-Bass which was
specially developed for the substitution of successive
generation products should be used in the cases may give
better results. Also, considering the determinants of mobile
telecommunication while modeling the diffusion process,
would give more meaningful results to understand the
general framework of diffusion of telecommunication in
Turkey. On the other hand, inspecting the prepaid and
postpaid subscriptions separately would provide a deeper
insight into the telecommunications sector in Turkey. As a
future work, diffusion modeling with the determinants of
mobile telecommunication could be done. In particular, the
effect of regulations could be included in the models as a
smoothing factor of the diffusion process.
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Sehirlerdeki hava kalitesi seviyesinin diizenli araliklarla 6l¢iilmesi ve 6l¢lim sonuglarinin incelenerek gerekli dnlemlerin alinmasi
bu sehirlerde yasayan insanlarin ve diger canlilarin sagliklar1 icin olduk¢a 6nemlidir. Ulkemizde bu amagla ilgili bakanlik tarafindan
pek ¢ok sehre hava kalitesi 6l¢lim istasyonlart kurulmustur. Bu ¢alismada bu istasyonlardan biri olan Adana ili valilik istasyonuna
ait olgtim verileri kullanildi. Kullanilan veriler kiikiirt dioksit (SO-), azot dioksit (NO2), ozon (O3), karbon monoksit (CO) ve toz
parcaciklar: (PM10) gibi hava kirletici gazlarin 6lgiim degerlerdir. Bu verilere farkli makine 6grenme algoritmalar1 uygulanarak
hava kalite indeksi tespit edildi. Kullanilan makine 6grenmesi regresyon algoritmalari; rastgele orman, karar agaci, destek vektor,
k-en yakin komsu, dogrusal, yapay sinir agi, yigin, uyumlu artirici, egimli artirici ve drneklemeli toplam regresyonudur. Bu
algoritmalarin hata oranlar ve galigma siireleri bakimindan basar1 degerleri kiyaslanarak elde edilen sonuglar degerlendirilmistir.

Anahtar Kelimeler: Hava Kalite Indeksi, Makine Ogrenmesi, Regresyon Algoritmalari, Topluluk Ogrenme

Using Ensemble Regression Algorithms for Improving the Prediction Success of Air
Quality Index
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Sanliurfa, Turkey,
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Abstract

Measuring the air quality level in the city at regular intervals and taking the necessary measures by examining the results of the
measurement is very important for the health of the people and other living things in these cities. For this purpose, air quality
measurement stations have been established in many cities by the relevant ministry. In this study, one of these stations, Adana
province provincial station measurement data was used. The data used are the measured values of air pollutant gases such as
sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone (03), carbon monoxide (CO) and dust particles (PM10). The air quality
index was determined by applying different machine learning algorithms to these data. Machine learning regression algorithms
used; random forest, decision tree, support vector, k-nearest neighbor, linear, artificial neural network, stacking, adaboost,
gradient boosting and bagging regression. The results obtained by comparing the success rates of these algorithms in terms of
error rates and run times were evaluated.

Keywords: Air Quality Index, Machine Learning, Regression Algorithms, Ensemble Learning

1. GIRiS sorunu igerisinde barindirabilmektedir. Yiiksek niifuslu bu

sehirlerin sorunlarindan biri de hava kirliligidir. Hava kirliligi
Bulundugumuz yiizyilda insanlarm biiyiik cogunlugu yiiksek ulasim, 1s1nma ve sanayi gibi insan kaynaklh olabilecegi gibi ¢l
niifuslu sehirlerde yasamaktadir. Yiiksek niifuslu sehirler pek ¢ok tozlari, yanardag faaliyetleri ve orman yangmlar gibi dogal
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kaynakli da olabilmektedir. Sehirlerdeki bu hava kirliliginin
oOnlenebilmesi i¢in hava kirliliginin belirli noktalardan Slgiilmesi
ve bu olciim sonuclarma gore gerekli tedbirlerin almmasi
gerekmektedir [1].

Hava kalitesinin belirlenmesi i¢in Olciilecek olan degerler
uluslararasi ve ulusal degerlendirmeler sonucunda belirlenmistir.
Buna gore hava kirliligi kiikiirt dioksit (SO), azot dioksit (NOy),
o0zon (Ogs), karbon monoksit (CO) gazlar ve toz par¢aciklarnin
(PM10) miktarlarma gore belirlenmektedir. Bu 6l¢iimlerden
istenen sonuglarin ¢ikarilmasinda geleneksel matematiksel
modeller kullanildig: gibi son zamanlarda yapay zeka modelleri
de kullanilmaktadir. Veljanovska ve Dimoski (2018)
yaptiklar1 calismada Uskiip sehrinin hava kalite indeksini
belirlemede k en yakin komsu, karar agaci, yapay sinir aglar1
ve destek vektdr makineleri siniflandirma algoritmalarinin
basar1 sonuglarint kiyaslamiglardir [2]. Dragomir (2010)
yaptigi calismada Romanya’daki hava kalite indeksini
hesaplamak i¢cin k en yakin komsu siniflandirmasini
kullanmistir [3]. Adams ve ark. (2013) yaptiklari ¢alismada
Kanada Ontaryo golii bolgesinde havadaki PM2.5 ve NO;
degerlerini yapay sinir aglar1 ile hesaplamislar ve sonuglari
geleneksel yontemle karsilasgtirmiglardir [4]. Raturi ve
Prasad (2018) hava kalite indeksini hesaplamada yapay sinir
aglarmi kullanmislardir [5]. Zhai ve Chen (2017) yaptiklar1
calismada Cin’in bagkenti Pekin’in hava kalite seviyesini
tahminde genetik algoritmalar1 ve yapay sinir aglarini
kullanmiglar ve basarim sonuglarint kiyaslamislardir [6].
Wang ve ark. (2016) yaptiklart ¢aligmada Cin’in Nanjing
sehrinin hava kalite indeksini hesaplamada otoregresif
entegre hareketli ortalamayir ve bulanik zaman serilerini
kullanmiglardir [7].

Bu galigmada makine 6grenmesi regresyon algoritmalarinin
basart degerleri kiyaslanmistir. Kullanilan regresyon yontemleri;
rastgele orman regresyonu, karar agaci regresyonu, destek
vektor regresyonu, k-en yakin komsu regresyonu, dogrusal
regresyon ve yapay sinir agl regresyonu yigmn regresyonu,
uyumlu artirict regresyonu, egimli artirict regresyonu ve
orneklemeli toplam regresyonudur.
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2. ULUSAL HAVA KALITESI INDEKSi VE ADANA

Bu ¢alismada kullanilan veri seti, Adana ilinin valilik istasyonuna
ait 2013-2017 yillar1 arasindaki PM10, SOz, NO,, O3 ve CO hava
kirleticilerinin saatlik 6l¢iim degerlerinden olusmaktadir. Veri seti
ilgili bakanliga ait internet adresinden [8] elde edilmistir. Sekil
1.'de Adana ilindeki 4 adet hava kalite izleme istasyonunun ve
caligma alan1 olan valilik istasyonunun konumu gériilmektedir.
Hava kalite indeksi, hava kalitesinin saglk agisindan hangi
seviyede oldugunu ifade etmektedir. Birlesik devletler ¢evre
koruma ajansmin (Unites States Environmental Protection
Agency- EPA) yayimladigi degerleri Tablo 1.’de verilmistir [9],
[10]. Ulusal hava kalite indeks degerleri, EPA degerlerinin ulusal
mevzuata ve st degerlerine uyarlanmasi ile olusturulmustur
[10]. Kirleticilerin degerleri bir metre kiip havada kag mikrogram
bulunduklarmi ifade eden pg/m® cinsinden 6lgiilmektedir.
Deneysel ¢alismada; SO, ve NO> gazlarimin saatlik ortalama
degerleri, CO ve Oz gazlarinin son 8 saatlik ortalama degerleri
ve PMI10 toz degerinin son 24 saatlik ortalama degerleri
hesaplanarak kullanilmustir.

- -

ekil 1 Cahsm Alant- Adana ili Valilik Istasyonu

Tablo 1. EPA Hava Kalite indeksi Degerleri

Hava Kalitesi
Indeksi (AQI) Saglik Endige
EPA Seviyeleri Renkler Anlami
Degerleri
0-50 Iyi Yesil Hava kalitesi memnun edici ve risk teskil etmiyor
51-100 Orta Sart Hava kalitesi uygun fakat hava kirliligine hassas olan az sayidaki insanlar igin
bazi kirleticiler agisindan orta diizeyde saglik endisesi olugabilir
101-150 Hassas Turuncu Hassas gruplar i¢in saglik etkileri olusabllllr. Qenel olarak kamunun etkilenmesi
olasi degildir.
151-200 Sagliksiz Kirmiz Herkes saglik sorunlart yasamaya Paslayablllr. Hggsa gruplar i¢in ciddi saghk
etkileri s6z konusu olabilir
201-300 Kétii Mor Saglik agisindan acil durum olustlvlrat?}hr. Ngﬁlsun tamaminin etkilenme
olasilig: yiiksektir
301-500 Tehlikeli Kahverengi Saglik Alarm: Herkes ¢ok ciddi saglik sorunlartyla kargilagir
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Tablo 2.’de verilen ulusal hava kalitesi indeks kesme noktalarina
gore her bir hava kirleticisi igin hava kalite indeks degeri iyi, orta,
hassas, sagliksiz, kotii ve tehlikeli olarak hesaplanmustir. Sonug
olarak hava kalite indeksi en kirli gazin indeks degerine esit
olmaktadir. Hesaplama i¢in gelistirilen programda indeks sayisal
Kkargiliklar1 kullamlmugtir. Bu amagla, iyi indeks degeri igin 1, orta
indeks degeri i¢in 2, hassas indeks degeri i¢in 3, sagliksiz indeks
degeri icin 4, kot indeks degeri icin 5, tehlikeli indeks degeri icin
6 degerleri kullamlmugtir.

Tablo 2. Ulusal Hava Kalitesi indeksi Kesme Noktalari

Hava | SO: | NO. | cO o, |PMI0
Kalite | [ng/m?] | [ng/m®] | [ng/m?] | [ng/m?] | [ME™
indeks ]

i 1 Sa. 1 Sa. 8 Sa. 8 Sa. 24 Sa.
Ort. Ort. Ort. Ort. Ort.

fyi | 0-100 | 0-100 | 0-5500 | 0-120 | 050
ora | 100- | 101- | 5501 | 121- | SL-
250 200 | 10000 | 160 | 100

Hossas | 251 | 201- | 10001- | 161~ | 101-
500 500 | 16000 | 180 | 260

Sagliks | 501- | 501- | 16001- | 181- | 261-
2 850 | 1000 | 24000 | 240 | 400
o | 851 | 100L- | 24001~ | 241- | 401-
1100 | 2000 | 32000 | 700 | 520

T‘ZT:"‘ >1100 | >2000 | 32000 | >700 | >520

Veri seti tizerinde, hava kalitesi 6l¢iim istasyonundaki bakim
calismalar1 ve donamim hatalarmdan olustugu diisiiniilen eksik
veriler mevcuttur. Eksik veriler her bir gazin 2013-2017 yili
ortalama degeri ile tamamlanmstir. Veri setinde yer alan
nitelikler arasinda ¢ok biiyiik farklar oldugunda bir nitelik
digerini baskilayabilmektedir. Bu gibi baskin niteliklere ait
verileri tek bir diizen iginde ele almak ve aymi algoritmada
kullanmlabilir hale getirmek igin normallestirme islemi
uygulanmaktadir. Ornegin CO niteligi 0 ile 32000 arasinda
deger alirken, PM10 niteligi O ile 520 arasinda deger
almaktadir. Burada, normallestirme yapilmazsa yapay sinir
ag1 i¢in CO niteligi daha baskin hale gelebilecektir. Bu
sebeple, mevcut diger niteliklerin sonuca olan etkileri
baskilanabileceginden dolay1 dogru sonuca
ulagilamayacaktir. Bu ¢aligmada min-maks (asgari-azami)
normallestirme kullanilarak veriler 0 ve 1 arasinda olacak
sekilde normallestirilmistir. Hesaplama iglemleri, veri
madenciligi ve makine 6grenmesi igin faydali kiitiiphaneleri
iceren Python programlama dili derleyicisi Spyder [11] ile
yapilmistir. Hesaplama iglemi bittikten sonra 2013-2017 yillari
icin 43838 kayit iceren bir veri seti elde edilmistir. Bu veri setinin
icerisinden rastgele secilerek elde edilmek sartiyla %75 oraninda
bir egitim veri seti ve %25 oraminda bir test veri seti
olusturulmustur. Spyder derleyicisi tizerinde Pandas ve Sklearn
kiitiphanesi  yardimiyla makine O6grenmesi algoritmalari
cahistirllmigtir. Regresyon algoritmalart dnce egitim veri seti ile
egitilmistir. Sonrasinda ayni algoritmaya test verisi uygulanmig
ve hata degerleri kaydedilmistir. Her bir algoritmaya ayni islemler
uygulanmis ve degerleri kaydedilmistir. Sonu¢ kisminda
algoritmalar, Es. (20) ile hesaplanan belirlilik katsayisi1 (r?), Es.
(21) ile hesaplanan ortalama mutlak hata (OMH), Es. (22) ile
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hesaplanan ortalama karesel hata (OKH) ve islem siireleri
agisindan kiyaslanmustir.

3. KULLANILAN MAKINE OGRENMESI
REGRESYON ALGORITMALARI

3.1. Temel Regresyon Yontemleri
3.1.1. Dogrusal Regresyon (Linear Regression-LR)

Bagimsiz degiskenler olan girdilerin ve bunlara bagh olarak
hesaplanan ¢iktnin arasindaki iligkinin dogrusal olarak
belirlendigi bir algoritmadir [12]. Calismada 5 tane bagimsiz
degisken oldugu igin dogrusal regresyon Es. (1) ile ifade
edilecektir.

Yi = B0 + B1Xil + B2Xi2 + -+ BkXik + &i
i=1,

2,..,0 1)

Dogrusal regresyon algoritmasi girdiler igin ¢iktilart tahmin
etmeye ¢alismaktadir. Her denemede hata degerini hesaplayarak
bir sonraki denemede bu degeri diisirmeye ¢alismaktadir.
Algoritma B0 sabitini -0.00514807 olarak B1, B2, B3, p4 ve p5
agirliklarimi  sirastyla  0.6885489, 0.6766748, 0.08699996,
1.32685881, 2.17248983 olarak hesaplamustir.

3.1.2. Karar Agac1 Regresyon (Decision Tree Regression-
DTR)

Karar agaci yapisi ilk olarak 1986 yilinda Quinlan tarafindan
yaymlanmigtir [13]. Karar agaci karar diiglimlerinden ve
yaprak digiimlerinden olusmaktadir. Diigiim
hesaplamalarinda regresyon islemi yapilacaksa bilgi
kazanimi yerine standart sapma (Es. (2)) kullanilmaktadir.
Oncelikle hedef  kiimesinin standart sapmasi
hesaplanmaktadir. Sonra diger kiimelerle hedef kiimeler
arasinda ikili standart sapma degerleri (Es. (3))
hesaplanmaktadir ve her birisinin sonucu hedef kiimesinin
standart sapma degerinden (Es. (4)) ¢ikarilmaktadir. SDR
degeri en biiyiik olan kiime kok olarak belirlenmektedir. Bu
adimlar her bir diiglim i¢in devam ettirilerek aga¢ yapisi
olusturulmaktadir.

S = Z(X;u)z (2)
S(T,X) = Xeex P(0)S(c) 3)
SDR(T,X) = S(T) - S(T,X) 4)

3.1.3. K-En Yakin Komsu Regresyonu (K-Nearest Neighbor
Regression- k-NNR)

Algoritma her bir test verisi i¢in egitim verileriyle olan uzaklik
mesafesini hesaplamaktadir. Uzaklik mesafesi asagida verilen
oklid uzaklik fonksiyonu (Es. (5)) manhatin uzaklik fonksiyonu
(Es. (6)) veya minkowski uzaklhik fonksiyonundan (Es. (7))
istenen birisi ile hesaplanabilmektedir [14]. Sonra belirlenen k
tane en yakin komsunun hedef verisi test verisinin sonucu
olmaktadir.

Zfﬂ(xi —¥i)? ®)
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T lx =yl . ©6)
(ZE Ux; —yih1)e U

3.1.4. Destek Vektor Regresyon (Support Vector Regression-
SVR)

Destek vektdr makineleri ilk olarak Vapnik tarafindan ortaya
atilmugtir [15]. Destek vektdr regresyon ise Smola tarafindan
gelistirilmistir  [16]. Destek vektdr regresyonunda amag
birbirleriyle ayn1 6zellikler tastyan 6zniteliklerin, 6zniteliklere en
yakindan gecen bir dogru yardimiyla ayrilmasidir (Es. (8), Es. (9),
Es. (10), Es. (11)). Dogrusal olarak ayrilamayan Oznitelikler
oldugu durumlarda farkli ¢ekirdek (kernel) fonksiyonlar
yardimiyla ayrilabilmesi saglanabilmektedir (Es. (12), Es. (13),
Es. (14), Es. (15)).

y =wx +b (8)
min > ||wl|? )
yi—wx;i—b<eg (10)
wx;+b—y;<e (11)
y=Xli@—aDKx,x) +b (12
k(x,x") = (x,x')? (13)
k(x,x) = ((x,x') + c)f (14)
k(x,x") = tanh(d + k(x,x')) (15)

3.1.5. Yapay Sinir Ag Regresyon (Neural Network

Regression- NNR)

Giris katmanindan, n sayida ndron igerebilen bir veya daha fazla
gizli katmandan ve ¢ikis katmanindan olugan bir yapidir.
Katmandaki noronlar birbirlerine baghdirlar. Katmanlardaki
noronlar bir agirlik katsayisina ve aktarim fonksiyonuna sahiptir.
3.2.3. Uyumlu Artiric1 Regresyon (Adaboost Regression-
ADBR)

Temel regresyon algoritmasi olarak kullanilan karar agaci
regresyonu veri seti ile egitilmektedir. Bir sonraki regresyon
islemi yapilirken ilk regresyonda yanlis tahmin edilen
verilere ait egitim verilerinin goreceli agirligi artirilarak
egitim islemine devam edilmektedir [20]. Agirliklar
giincellenerek durdurma sartt olusana kadar regresyon
islemine devam edilmektedir.

3.24. Egimli Artirict Regresyon (Gradient Boosting
Regression- GRBR)

Temel regresyon modeli veri seti ile egitilmektedir. Tahmin
hata degerleri bir sonraki tahmin degerlerine eklenmektedir.
Gradyan inis kullanarak ve tahminleri 6grenme oranina gore
giincelleyerek, hata degerinin en az oldugu model
bulunmaya calisilmaktadir [21].

325. Orneklemeli Toplam Regresyon
Regression- BAGR)

Bu yontemde ise ayni algoritma verinin farkli altkiimeleri
iizerinde g¢alistirilmaktadir [22]. Altkiimeleri olustururken,
ornekleme islemi yerine koyma ile yapilirsa bu yontem
bagging olarak adlandirilmaktadir. Tiim tahmin ediciler
egitildikten sonra, tahminleri birlestirmek igin regresyon
probleminde tahminlerin ortalamasi kullanilmaktadir.

(Bagging
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Giris katmamindan gelen bilgi ¢ikisa dogru ilerlerken
noronlardaki agirliklar ile ¢arpilarak aktarim fonksiyonundan Es.
(17), Es. (18), Es. (19) gegirilir ve diger noronlara aktartir. Ag
yapisi geri yayilimli ise her egitim dongiistiinde agdaki néronlarin
agirlik degerleri giincellenir [17]. Algoritmada giris katmaninda 5
noron, gizli katmanda 100 ndron ve ¢ikis katmaninda 1 ndron
bulunmaktadir. Dogrusal aktarim fonksiyonu kullanilmustir.

y = f(wl.X1 +w2.X2 +b) (16)
y = X a7
1
V= o= (18)
1-e72X
y= 1+e2X (19)

3.2. Topluluk Tabanh Ote (Meta) Algoritmalar

3.21. Rastgele Orman Regresyon (Random Forest
Regression- RFR)

Birden fazla sayida karar agaci olusturularak bunlarin i¢erisinden
en iyi sonucu verenin se¢ilmesidir [18]. Calismada 30 adet karar
agaci olusturularak bunlar igerisinden en iyi olan segilmistir.

3.2.2. Yigin Regresyon (Stacking Regression- STCKR)

Birden fazla regresyon modelinin birlikte kullanilarak
tahmin sonucunun iyilestirilmesinde kullanilan bir regresyon
algoritmasidir [19]. Oncelikle birden fazla regresyon
algoritmast tiim veri seti kullanilarak egitilmekte ve
tahminler iretilmektedir. Tahminler ile 6nceki veri seti
kullanilarak yeni bir veri seti tiretilmektedir. Son olarak bir
regresyon algoritmasi yeni veri seti ile son tahminleri
tiretmede kullanilmaktadir.

4. DOGRULUK BASARI DEGERLERINi
HESAPLAMA YONTEMLERI

Calismada kullanilan regresyon algoritmalarin basari sonuglari
degerlendirilirken belirlilik katsayist (1), ortalama mutlak hata
(OMH- mean absolute error (MAE)) ve ortalama karesel hata
(OKH — mean squared error (MSE)) olgiitleri kullanilmugtir. Es.
(20) ile ifade edilen belirlilik katsayisi, regresyon kareler
toplaminin genel kareler toplamina boliimiiyle elde edilen
istatistiksel bir sonugtur. Egitim verileri ile egitilmis
algoritmalarin test verileri i¢in {irettikleri tahminlerin gercek
degerlere ne dlgiide yakin oldugunun bir gostergesidir. Deger ne
kadar 1’e yakin ise regresyon algoritmasi o derece basarilidir.

2 _ Si@i-»? _ Tilyi-yi)?
T2 S0y (20)
Ortalama mutlak hata, test verisindeki gercek degerler ile tahmin
degerleri arasindaki farklarin mutlak degerinin ortalamasidir (Es.
(21)). Degerin 0’a yakin olmasi hatanin diisiik oldugunu ifade
etmektedir.

=2y - 9l

(1)

Ortalama karesel hata, test verisindeki gergek degerler ile tahmin
degerleri arasindaki farklarin karelerinin ortalamasidir (Es. (22)).
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Degerin 0’a yakin olmasi hatanin diisiik oldugunu ifade
etmektedir.

Ly -9 (22)

5. BULGULAR VE TARTISMA

Caligmada kullanilan regresyon algoritmalarinin belirlilik
katsayist (1), ortalama mutlak hata (OMH- mean absolute error
(MAE)), ortalama karesel hata (OKH — mean squared error
(MSE)) ve saniye cinsinden iglem siiresi degerleri biiyiikten
kiiglige siral1 olarak Tablo 3.’de verilmistir.

Tablo 3. Regresyon Algoritmalarinin Basar1 Degerleri

Regrgsyon r2 mae mse siire
Algoritmasi
R""St%gfz%rma” 0.99049 | 0.00275 | 0.00037 | 1.12502
Yigin (STCKR) | 0.99047 | 0.00442 | 0.00037 | 21.42568
Karar Agac1
(DTR) 0.99036 | 0.00293 | 0.00038 | 0.04088
Orneklemeli
Toplam (BAGR) 0.99006 | 0.00283 | 0.00039 | 1.01229
Egimli Artirici
(GRBR) 0.98704 | 0.00967 | 0.00051 | 0.33809
Uyumlu Artiricl
(ADBR) 0.96364 | 0.02447 | 0.00142 | 0.57346
K-En Yakin
Komsu (KNNR) 0.92685 | 0.02331 | 0.00286 | 0.29321
Yapay Sinir Ag1
(NNR) 0.88783 | 0.05604 | 0.00439 | 1.08011
De“(eskv‘g;k“’r 0.76300 | 0.07609 | 0.00927 | 13.88685
Dogrusal (LR) 0.64496 | 0.09443 | 0.01389 | 0.00699
100 4
.
0.75
0.50 1
0.25 A
0.00 -
RFR STCKR DTR BAGR GRBR ADBR KNNR NNR SVR LR

Sekil 2. Regresyon Algoritmalarinin Belirlilik Katsayilari
Kiyaslamast
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Sekil  2.°de  regresyon  algoritmalarinin  belirlilik
katsayilarmn (r?) kiyaslama grafigi verilmistir. Belirlilik
katsay1 degerinin 1’e yakin olmasi algoritmanin basarisinin
yiiksek oldugunu ifade etmektedir. Calisma sonucunda en iyi
regresyon algoritmasi 0.99049 r? degeriyle rastgele orman
regresyonu olmustur.

Sekil 3.’de regresyon algoritmalarinin ortalama mutlak hata
(OMH) degerlerinin kiyaslama grafigi verilmistir. Ortalama
mutlak hata degerinin 0’a yakin olmast algoritmanin
basarisinin yiiksek oldugunu ifade etmektedir.

0.08
0.06 1
0.04 1
0.02
0.00-

RFR BAGR DTR STCKR GRBR KNNR ADBR NNR SVR LR
Sekil 3. Regresyon Algoritmalarinin Ortalama Mutlak Hata
Degerleri Kiyaslamasi

Sekil 4.’de regresyon algoritmalarinin ortalama karesel hata
(OKH) degerlerinin kiyaslama grafigi verilmistir. Ortalama
karesel hata degerinin 0’a yakin olmasi algoritmanin
basarisinin yiiksek oldugunu ifade etmektedir.

0.010 4

0.005

00 -
RFR STCKR DTR BAGR GRBR ADBR KNNR NNR SVR LR

Sekil 4. Regresyon Algoritmalarinin Ortalama Karesel Hata
Degerleri Kiyaslari

Sekil 5.’de regresyon algoritmalarinin saniye cinsinden
hesaplama siireleri kiyaslama grafigi verilmistir. Destek
vektor ve yigin regresyon disindaki algoritmalar oldukga
hizl1 bir sekilde sonug iiretmislerdir.
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01 mm sire

10
5

0

R DTR KNNR GRER ADBR BAGR NNR RFR SVR STCKR
Sekil 5. Regresyon Algoritmalarinin Hesaplama Siireleri
Bakimindan Kiyaslar1

Egitim verileri ile egitilmis regresyon algoritmalarina test
verileri uygulanmis, algoritmalarin tahmin ettigi hava
kalitesi indeks degerleri ile test verisindeki gercek indeks
degerlerini bir arada gosteren grafikler sirasiyla verilmistir
(Sekil (6.a., 6.b., 6.c., 6.d., 6.¢., 6.f., 6.g., 6.h., 6.1, 6.1)).

Karar Agaci Regresyon

10 - .
0.8 1 . .
I
'g 06 4 . . .
[
(=]
c
£ 04 . . .
L
2 . .
0.2 . .
i i .
L ] L ]
004 = .
0.0 02 04 06 08 10

Gergek Degerler
Sekil 6.a. Karar Agac1 Regresyon Degerleri

Bu grafiklerde gergek degerler 0, 0.2, 0.4, 0.6, 0.8 ve 1 olarak
goriilmektedir. Bunun sebebi hava kalite indeks degerleri
olan 1, 2, 3, 4, 5 ve 6 degerlerinin 0-1 arasinda
normallestirilmis olmasindandir.

Rastlege Orman Regresyon

10 4 t
0.8 o $
-
o
Z 06 . H ?
L)
(=] .
< . .
E 0471 ' t .
= o x
: -
02
I s
0.0
0.0 02 0.4 06 08 10

Gercek Degerler
Sekil 6.b. Rastgele Orman Regresyonu Degerleri
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K-En Yakin Komsu Regresyon

10 4 .
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08 " . .
& L ] L
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.g 06 . . -
8 - L] L]
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€ 04 . . ™ .
=
'E - - L]
L] L] L ] -
02 . . . .
L] L] L
L] L ] -
001 = .
0.0 02 0.4 06 08 10
Gercek Degerler
Sekil 6.c. K En Yakin Komsu Regresyonu Degerleri
Yapay Sinir AgI Regresyon
10 - !
058 - o ¢
b
T 06 4
o
[ -
o
c
£ 04
K ]
02 s
0.0 4 .
0.0 02 04 0.6 08 10

Gergek Degerler
Sekil 6.d. Yapay Sinir Ag1 Regresyonu Degerleri

Sekillerde gergek degerlere karsilik tahmin degerlerinin
dagilimi goriilmektedir. Ornegin gergekte 0.4 olan degerlere
ait tahminlerin 0.4 ve etrafinda dagildigi goriilmektedir.
Gergek degerlere karsilik tahmin degerlerinin tek bir noktada
toplanmadigi  ve  dagilim  gosterdikleri  sekillerde
goriilmektedir. Bu farklar hatalar1 ifade etmektedir

Destek Vektor Regresyon

14 1

12 1

10 4

08 "

0.6

.

Tahmin Degerler

0.4 -
0.2 1
0.0 1

0.0 02 04 06 08 10
Gergek Degerler

Sekil 6.e. Destek Vektor Regresyonu Degerleri
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Tahmin Degerler
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Dogrusal Regresyon
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0.0 1

T T

00 02 04 056
Gergek Degerler

Sekil 6.f. Dogrusal Regresyon Degerleri
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Tahmin Degerler

[=]
N

10 1

0.8 4

Tahmin Degerler
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Yigin Regresyon
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0.6 1

0.4 4

08 10
Gergek Degerler
Sekil 6.g. Y18in Regresyonu Degerleri
Uyumlu Artirici Regresyon
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Gergek Degerler

Sekil 6.h. Uyumlu Artiric1 Regresyonu Degerleri
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EQimli Artirici Regresyon
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Gergek Degerler
Sekil 6.1. Egimli Artiric1 Regresyonu Degerleri

Orneklemeli Toplam Regresyon
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Sekil 6.i. Orneklemeli Toplam Regresyon Degerleri

Veljanovska ve Dimoski [2] yaptiklar ¢aligmada siniflandirma
algoritmalar1 kullanmiglardir. Destek vektor makineleri ile yapay
sinir ag1 smiflandirmasinin basart sonuglart bu g¢alismadaki
sonuglar ile birbirine yakin bulunmustur. K- en yakin komsu ve
karar agaclart siniflandirmasinin bagari sonuglari ise bu ¢aligmada
kullanilan k- en yakin komsu ve karar agaclar1 regresyona gore
%15 daha diisiik bulunmustur. Bu farkin veri setindeki 6rnek
sayisindan ziyade algoritma yapilarindaki farkliliklardan
kaynaklandig: diistiniilmektedir. Dragomir [3] yaptigt ¢calismada
k- en yakin komsu siniflandirmast ile 1 aylik veri seti tizerinde
hava kalite indeksi tahmini yapmustir. Buldugu basari sonucu, bu
caligmada kullanilan k- en yakin komsu regresyon basari
sonucundan %35 daha diigik bulunmustur. Bu farkin
olusmasinda kullamlan algoritma farkliliginin yam swra veri
setinin ~ kiigiik  boyutta olmasmin da etkili oldugu
diisiiniilmektedir. Zhai ve Chen [6] yaptiklar1 ¢aligmada hava
kalite indeksini tahminde geri yayilimli sinir agini ve genetik
algoritma ile sinir agin birlikte kullanmislardir. Belirlilik
katsayillarrm  (r?) swrasiyla  0.72  ve 0.75 olarak
hesaplamislardir. Bu c¢alismada kullanilan yapay sinir ag
regresyon yonteminin belirlilik katsayisi 0.88 olarak
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hesaplanmis ve daha iyi sonug trettigi gdzlenmistir. Wang
ve ark. [7] yaptiklarn g¢alismada hava Kkalite indeksini
hesaplamada otoregresif entegre hareketli ortalamayi ve
bulanik zaman serilerini kullanmuglar ve ortalama mutlak
hata degerlerini sirasiyla 14.43 ve 10.80 olarak
hesaplamiglardir.

6. SONUC

Bu ¢aligmada hava kalite indeksinin dogru tahmin edilebilmesi
icin regresyon temelli algoritmalar kullanilmigtir. Adana ili 6rnegi
iizerinde yapilan gahsmalar, belirlilik katsayis1 (%) bakimmdan
kiyaslandiginda hava kalite indeksini en iyi tahmin edebilen
algoritma rastgele orman regresyonu olmustur. Topluluk tabanli
regresyon algoritmalari diger algoritmalara gére daha basarili
sonuclar {iretmiglerdir. Tablo 3.’den goriilebilecegi {izere
belirlilik katsayist yiliksek olan regresyon algoritmalarinin hata
degerleri olan ortalama mutlak hata (OMH) ve ortalama karesel
hata (OKH) degerleri 0’a daha yakin bulunmustur. Siire
bakimindan yigin regresyonu 21.42568 saniye, destek vektor
regresyonu ise 13.88685 saniye ile diger algoritmalara gore daha
uzun islem siirelerine sahiptir. En hizli ¢alisan algoritma ise
0.00699 saniye ile dogrusal regresyon olmustur. Bu
calismadaki regresyon algoritmalariin ortalama mutlak hata
ve ortalama karesel hata degerleri literatiirde hava indeksi
hesaplamalarinda kullanilan diger ydntemlere oranla
diistiktiir ve bu regresyon algoritmalar ile daha iyi sonuglar
iiretildigini gostermektedir.
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Abstract

Strategic management is the philosophy of the creation which provides a goal, a plan and a model for the competitive advantage.
Companies define their own goals and generate the plan for goal according to this management philosophy. However, company
can utilize successively from this philosophy so long as it is able to be adapted to all management systems such as product,
inventory, manufacturing and etc... Purchasing management system is the one of them. It is a basic management unit where
decisions, goals and plans are structured according to production and customer requirements which give the competitive
advantage to each company. All of them can be managed strategically by being focused on the appropriate purchasing conditions
including low-cost, high quality, and on-time delivery. In this study, we will determine variables and the relationships between
them which affect in achieving the strategies of the company in terms of purchasing management system. Fuzzy cognitive
mapping method will be selected in order to find them out because this method creates a map by using some strategies for system.
The results will be presented at the end of the study.

Keywords: Purchasing Management System, Fuzzy Cognitive Map, Relationship Maps for Cost, Quality, and Delivery Drivers

1. INTRODUCTION 1. How much can the profit of company be increased
by decreasing the total cost of the product when the purchase

Many companies supply needs about material, service, and
knowledge from outsource because they need to perform
basic and support activities and to manage them. This is
called the purchasing system. In this system, requirements
are bought at an optimum price and a suitable method of
payment according to how the product standards are defined.
Besides, the purchasing management system is a structure
which determines needs, makes a decision about appropriate
suppliers, and manages all processes belonging to
purchasing system. The basic aims and objectives for this
management system can be presented as follows [14,30];
1. Ensuring the continuity of flow between material,
supply, and service
2. Preventing the loss of time during material supply
3. Finding a lot of capable and reliable suppliers
4. Buying part or service which has lowest total cost
Some key questions can be produced because above
objectives are fulfilled and product and service flow from
producer to customer is provided constantly. These are as
follows:

price of raw material is managed effectively? (cost savings)
2. What extent is the quality of raw material important
because product quality is a degree as much as customers
expect? (Quality)

3. Is the product cost affected because the product will
be delivered in the range of dates offered by the customer if
raw material is not received on time? (On-time Delivery)

4. Which factors are important to determine
purchasing performance? (Performance Management)
Performance system, called as purchasing performance
system, can be developed to solve the above questions. This
is defined as quantitative and qualitative assessments to
perform the operational objectives that company links with
purchasing validation and effectiveness [19]. Stock and
Lambert (2001) defined twenty performance data to evaluate
purchasing performance. These includes in purchasing price,
price variation, rate of defective, order amount like this [30].
These data resources which build up the internal structure of
purchasing are used particularly in the selection phase of
choosing a suitable supplier. Van Weele (2002) described
four dimensions including price/cost, quality, logistic/time,
and organizational in order to measure and evaluate the
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activities of purchasing. While organizational dimension was
identified as a qualitative measurement related to human
resources and organizational structure in any company, the
other three sources were quantitative dimensions measured
by variables in the purchasing process [33].

In this study, a model will be developed in order to figure out
which factors affect purchasing performance system. Also it
searches out a solution about basic problems in this system.
Factors and dimensions will be selected from not only
internal sources pointing out studies performed by Stocker
and Lambert, and Van-Der Weele but also external source
from other management systems affecting purchasing
management system. Because purchasing performance can
be achieved by executing specific internal and external
purchasing practices, in addition to other internal and
external performance drivers [5,6]. Fuzzy cognitive mapping
methods will be used to calculate the influence degree among
factors. So, previous studies about purchasing performance
system and the fuzzy cognitive map method will be
reviewed. The second section shows the reviews. In the third
section, results of application will be given after describing
comprehensive framework of this study. Consequently,
conclusion will be drawn.

2. LITERATURE REVIEW

In this section, a detailed literature review on purchasing
performance system and fuzzy cognitive maps is presented
in sub-headings, respectively.

1. Purchasing Performance System

Keegan et al (1989) developed a general framework to
evaluate system performance in industry. Performance
measurements of model consisted of design, materials,
manufacturing cost, cost position in competitive, relative
R&D expenditure, design cycle time, on-time delivery
percentage, the number of new products, the quantity of loyal
customers, the number of customer complaints, and market
share [16]. Fitzgerald et al (1991) focused on financial
performance,  competitiveness,  flexibility,  resource
utilization, and innovation to develop a general performance
measurement framework [12]. Bourne et al. (2000)
developed a more comprehensive model framework based
on four perspectives. These are respectively financial,
internal, customer, and innovation & learning. Financial
perspective would cover profitability, value added
lemployee, order initiate and invoiced sales. Internal
perspective has five different resources; order quality,
forecast accuracy, supplier on-time, rework, and warranty
returns.

Customer perspective was composed from customer
complaint, on-time delivery, new customers, enquiries,
quotation, sales activity, and order conversation rate. Finally,
innovation & learning perspective occurred appraisals-on
time, employee communication, surveillance stage gates,
and on-time training needs met from occurs [3].
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Pohl and Kohl (2011) evaluated a purchasing performance
including five hypotheses based on five different role plans.
These role plans include strategy measurement, measuring
performance, influence behavior, learning and progress, and
communication. They used four measurement variables to
evaluate hypotheses and plans: cost, quality, delivery, and
flexibility [24]. Saranga and Moser (2010) used key
performance factors and mid-level output factors to figure
out purchasing and supply performance. Key performance
factors consisted of the number of strategic buyers, the
quantity of transactional buyers, and the number of suppliers,
while mid-level output factors occurred cost savings, cross-
functional collaboration, and supplier performance [28].
Easton et al (2002) benefited from four input and two output
sources to overcome the technical shortcomings of
purchasing system and to measure purchasing performance.
Inputs  were  operating  expense, professionals,
administration, and active suppliers. In addition, main output
sources included purchase dollars, and percent of company
savings [9]. Gonzalez-Benito (2007) utilized cost, quality,
delivery, flexibility, and competing priorities to evaluate
performance in strategic purchasing objective and to
determine purchasing capabilities [13]. Ellram et. al (2002)
proposed hypotheses by focusing on organizational success
to research the link between purchasing and supply
management and the corporation’ s success. These
hypotheses were evaluated according to cost, product/service
validation, price, technology affecting product life cycle, and
standard sizes [10]. Emiliani et al (2005) identified
alternative approaches and tactics to improve purchasing
performance and to satisfy objectives of the company by
focusing on purchasing price variation (PPV).

The study stated that purchasing and supply management
organizations were evaluated with many different
measurements like purchasing price, on-time delivery,
quality, inventory price, etc... Also, they suggested that
measurement system should be structured a cost-oriented
system [11].

Pagell (2004) developed a comprehensive model to provide
integration between purchasing and logistic system. The
model covered eight integration factors and four strategies.
These strategies were business, logistic, purchasing, and
manufacturing levels. Three strategies were focused on
quality, delivery, and price measures, while purchasing
strategy was based only on price factor [22]. Baier et al
(2008) designed a model by using purchasing, competitive
priorities, purchasing practice, financial performance, and
business strategy. The basic variables of each strategy were
focused on cost, quality, technology, innovation, and
management. However, purchasing practice strategy
consisted of cost, quality, and innovation [2].

Cousins et al (2006) investigated the relationship between
the  purchasing configuration and organizational
performance. Data sources which were used to evaluate this
relationship were product quality, delivery speed, delivery
reliability, flexibility of production, return on investment,
return on sales, profit growth, return on total assets along
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with information from upper management, suppliers, and
purchasing professionals [7]. Narasimhan and Das (2011)
divided performance factors as a three basic structure to
investigate the relationship between purchasing practice and
manufacturing performance: first order critical factor of
achievement (CFA), and second order CFA and
manufacturing performance. These factors involved buyer-
supplier relationship development, supply base leveraging,
supplier performance evaluation, and purchasing integration
factors. Cost, quality, time, and delivery measures were used
to find out performance levels of these factors [20].

Das and Narasimhan (2000) tried to identify purchasing
competence and to investigate the relationship between the
priorities of different manufacturing models and purchasing
competence. Relationships were based on manufacturing
cost, quality, and delivery together with new product design
and customization [8]. Narasimhan et al (2001) attempted to
identify the elements which designated purchase
competence. This competence was examined in terms of five
dimensions:  empowerment, employee competence,
effectiveness-tactical interaction, buyer-seller relationship,
and interaction management effectiveness-NPD. Besides,
these dimensions involved fifteen different measurements
such as job security, sharing cost saving with suppliers,
performance evaluation related to quality improvement,
etc... [21].

We concluded that any performance system, especially
purchasing performance system, should be focused on cost,
quality, and on-time delivery, after all studies were
examined. So, these dimensions were selected to develop a
model and to determine drivers affecting purchasing
management system.

2. Fuzzy Cognitive Mapping

Fuzzy Cognitive Map (FCM) is modeled as a single layer
network, which the nodes of relationships between concepts
are presented by the fuzzy weights [23]. Concepts are
defined as the modeled attributes which consist of key
factors, input, output, variable, events, actions, goals, and
trends within the system [6, 34] and present the behavior of
the system [6]. Each concept is represented by node. These
specified nodes are indicated by C notation. Experts give the
fuzzy weights in the range of [-1;+1] to produce the causal
relationships between them after both concepts and nodes are
determined. (-1) identify a negative relationship, while (+1)
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present a positive relationship. Weights introduce by wij

which describe relationship between i and j node

[6,17,18,29,31,32,34,36]. Three types of relationship exist;

1. w;>0, there is a positive and direct relationship between
Ci and Cj nodes. The value of Cj increases, when the
value of Ci factor increases, or vice versa.

2. w;<0, there is a negative and inverse relationship
between Ci and Cj nodes. The value of Cj increases,
when the value of Ci factor decrease, or vice versa.

3. w;j =0 indicates that there is no relationship between the
two factors.

Weight values are calculated according to evaluation scores
given by experts. So, each FCM study is conducted with a
different number of experts. However, the ideal number of
experts is suggested in the range of 5-18 [25, 27]. Experts are
selected from people who can describe structural behaviors
in the system. They decide the concepts and the relationship
scores between each other by observing system [6]. Each
expert has a different perspective so a number of different
maps are obtained and their maximum value equals the
amount of used specialists. If you use fifteen experts, you can
attain fifteen different maps. Then, the values of
relationships on each map is converted into a single
correlation score in the range of [-1; +1] by using
mathematical methods. Thus, a common map is created. In
this study, we use the fuzzy cognitive map method in order
to determine the basic performance criteria for the
purchasing management. The next section defines our
conceptual model showing how we use this method.

3. ARESEARCH MODEL

Our conceptual model is made up of three phases as shown
in figure 1. First phase includes system analysis stages. This
system consists of three consecutive steps; defining strategic
targets, investigating internal and external processes of
system in accordance with targets, and selecting data sources
or performance drivers in these processes. The Second phase
is called design and evaluation. Drivers, called as nodes,
determined in the previous phase are used to design a survey
before experts are selected in order to get their scores. They
will carry out their assessments in two ways. First,
relationships between factors are interpreted with scores
from 0 to 4 points. Second, they are re-evaluated in the form
of positive (+) and negative (-) correlation. The information
of these points is given in Table 1.
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System Analysis

Defining strategic
targets

A\ 4

Investigating Sytem
inclusively

Selecting
Performance Drivers

Il

Design and Comments

Survey Design

Expert Selection

Collect the comments
of experts

1

Mapping

Calculating values of expert’s
comments in the range of [-1;+1]
among drivers

v

Mapping

Fig 1. Conceptual Model

Table 1. Points and Definitions

Point | Definition

0 No relationship between nodes
1 Weak relationship

2 Medium relationship

3 Strong relationship

4 Very strong relation

The last phase of the model includes mapping stages. The
fuzzy values presented by “wij (Weights between nodes)” are
calculated via expert opinions on the surveys by using eq.1.
These scores are converted to linguistic terms shown in table
2. All of them show positive relationship but negative ones
with same scores define inverse relationship. The different
views of the experts are combined with these calculations.
Thus, a single map with linguistic expression is obtained.

Equation.1
K
i=1[A]ij
T I

[Alij= Scores of expert
s= The total number of different scores in the range of [0-4]
in j column
K = The number of experts
r = Relationship status
1 Total number of (+) > Total number of (—)
—1 Total number of (+) < Total number of (—)
i = The drivers or nodes selected the rowi=1,2,...,.K
j= The drivers or nodes selected the column j =1,2,...,K
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Table 2. The Ranges of Fuzzy Relationship

The Ranges of Relationships | Definition
0<wij<0,2 Non
0,2001<wij<0,4 Weak
0,4001< wij<0,6 Middle
0,6001< wij<0,8 Strong
0,8001< wij<1 Very Strong

4. APPLICATION

This section represented application of conceptual model and
all results. Each phase was described step by step.

4.1 System Analysis

System analysis was composed of three stages. First of all,
strategies about purchasing management system were to be
determined. Strategies were configured by using these
dimensions because we decided three different dimensions
in order to measure the performance of the purchasing
management system in the result of literature review. They
were as follows;

1. Purchasing cost is leverage for production cost.

2. Raw material quality is a factor impacting product
quality and reliability.

3. The delivery competence of suppliers depends on
delivery satisfying on due date.

Second stage was composed of internal and external system

analysis for purchasing management system. Figure 2 shows

the analysis example of connection between purchasing

management system and other management systems. We
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reviewed not only SAP (Systems, Applications and Products
in Data Processing) [37] and IAS (Industrial Application
Software) Enterprise Resource Planning Program [15] but
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also PHD dissertations [14,26,35], books [19,30,33] and the
processes of some company [38,39] about purchasing
process management.

External Environment

Sale&Marketing

The amount of raw material|to

Deman(l
Production Planning& Control P
Order{quantity
Purchasing Management Thelamount off raw > Manufacturing Control
System atprial
Prougct
lexamiined

Inventory Control

Quality Control

P
<«

Quality [Cost

be purchased _i
. Raw Material
Purchgsing
Price
The amount of raw
—___purchased materiaf >

The amount of
product

Financial& Accounting

Fig 2. The Example of Analysis between Purchasing Management System and External Environment

As aresult of all three stages, eighteen different performance
drivers were determined from raw material quantities which
will be purchase to product due date.

4.2 Design and Expert Evaluation

This level consisted of two stages following each other. The
first stage has two parallel different stages; expert selection
and survey design. Experts were selected from engineers
who work at purchasing and production departments in
Istanbul, Bursa, Kocaeli, Izmir, and Sakarya where they have
main manufacturing industries. Also, experts work for
different industries from the automotive industry to textile
industry. In the parallel stage, the survey was designed as a
matrix structure that the column and row sizes of it were
eighteen which is same with performance drivers. This
survey was sent to twenty six people and explained how to
evaluate the survey by one to one interviews. The numbers
of surveys returned from the experts were fifteen. We passed
the last level because this amount is the maximum amount
which was mentioned in the study [25,27].

4.3 Mapping and results

This phase was the last one. Our purpose was to get three
maps for each performance size. So, all points were
transformed to the ranges of definitions by using formula 1
and also linguistic values. The couples of weak and middle
relationships were eliminated. All maps in the result of
elimination were drawn according to cost, quality, and
delivery (time). These are respectively Fig 3, Fig 4, and Fig
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5. In the figures, the colors of arrows demonstrate the types
of relationships. While red arrows remark positive relations,
the others are negative relations. Also, dashed lines indicate
strong values while the others represent very strong values.

The relationship map shows sub-indices C and i and j.
Specified nodes or factors on row (C;), specified nodes or
factors on column ( C;) defined respectively.

When Figure 3 is analyzed, we noticed that a total of twenty-
seven relations may affect the cost performance of
purchasing. Twenty-one of them are in the strong status
while six of them are in the very strong status. Also, three
relationships are in the mutual position. So, these nodes
which have them are both receiver and transmitter. These are
The quality properties of raw material (C14)- the quality
properties of product (C15), C14- the quantity of product
returned by customer because of raw material (C9) and the
stock quantity of raw material (C10)- the quantity of
purchased raw material (C1). Moreover, nodes which have
the dense relationship networks can be listed C14, C9, and
C1 in descending order. While C1 and C9 nodes are
generally the receiver, C14 is the transmitter. They can be
used also to determine only the purchasing cost performance.
There are only three nodes playing role of receiver position.
These are the stock quantity of product (C11), delivery time
of raw material (C5), and the contract properties of
purchased raw material (C16).

C5 is associated with the situation of materials on production
line (ready, processing, delay) (C4) and the order quantity of
product (C7). The Directions of the relations are direct. C5
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has some characteristics while C4 and C7 have some
properties for product. Besides, we did not understand how
experts decided relations between them. Calculations for a
product can be confused if raw material is not delivered on
time. We expected that directions of arrows for these
relations are transmitter rather than receiver. Second relation
network between C11 and The quantity of sold product (C8)
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reflect the impact on the performance of overall cost. Finally,
C16 is associated with C1 and C14 and these relationships
are interpreted by thinking of directions of them as follows;

“If the quality of the raw material and the product is wanted
highly by producer, then company can suffer increases in
costs.”

Fig. 4. The Relationship Map for Quality Driver
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When map (Fig 4) was examined, there are forty-three
relationships and sixteen of them are in the high relationship
status while the remaining twenty-seven are in the very high
relationship status. This map is the crowded mesh network
structure. This reason is assumed that the measurement of
performance variables related with quality varies from
person to person. Only one node is in a receiver position in
an environment where it has a lot of relationships. This node
called as C4 and it has also relation with the delivery time of
product (C17). However, we think that it is associated with
the general quality of the company because both nodes are
related to the properties of product. The network structure

Academic Platform Journal of Engineering and Science 7-3, 515-523, 2019

of maps prepared for other two performance drivers are
clearly identified while those for this driver cannot be
defined very easily. Also, seven nodes have an extremely
more crowded network as transmitter and receiver than
others. These are enumerated C14, C15, the quantity of raw
material returned by company (C12), the quality properties
of supplier (C18), selection rate for suppliers (C3), C9 and
Cl in descending order. C15 demonstrates the general
quality performance of company, while other nodes affect
the quality performance of purchasing because they indicate
situations which occur due to problems in purchasing
management.

Fig. 5 The Relationship Map for Delivery Driver

This map (Fig 5) shows that there are thirty relationships
which affect purchasing and overall performance of
company in terms of delivery. Eleven relationships are very
strong in position, while nineteen of them are strong in
position. In addition, the types of three relations are in
transmitter and receiver position. When all nodes are
examined, we noticed that five nodes are extensively in both
receiver and transmitter position. These are C1, C5, C14,
C17 and C18 respectively. While three nodes show the
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delivery performance for purchasing, one node is related to
the product. However, C5 and C9 nodes are only receivers.
C5 has relationships with six nodes. These are C1,
quantitative properties (C2), delivery type (C6), C4, and
C17. When we looked at the properties of them, we observed
that the decisions and variations are related with the amount
of purchased raw materials, desired specifications for raw
materials, delivery type, production conditions, and delivery
time that caused especially changes in the delivery quality.
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When the conditions of these nodes are satisfied, then the
delivery performance of company will be increased. C9 has
relationships with C15 and C18. We did not understand what
experts. thought about these nodes and delivery performance
because all of them are related with quality performance.

5. CONCLUSION

Purchasing management system is the primary stage for
production processes. This system takes on a task as
leverage for general management and especially production
management system. So, any decision change on variables in
purchasing management system will affect the entire system.
All management system performances including purchasing
management system can be measured and controlled by
performance drivers. These are cost, quality and also time or
delivery in general. In this study, we focused on generating
relationships between variables of purchasing system by
considering these drivers. We chose the fuzzy cognitive
mapping model as a solution model and tried to create a rule
map and network for each driver. We found that the rule map
for quality is more complex rather than the maps for the other
drivers. We also discovered that the quantity of product
redesigned (C13) variable does not have any relationship
network in all maps. We decided that this variable is not
important for both drivers and purchasing system. Moreover,
thirteen nodes for cost, fourteen nodes for quality, and
seventeen nodes for delivery are more important than the
other variables. We estimated that making a decision on a
these variables which are very necessary for each driver
affect the purchasing performance. When maps were
prepared in this study, limit was made only in terms of
department worked. For this reason, we considered that maps
were more complex than they should be, because each sector
owns a lot of different variables. So, we did not figure out
one relationship in the cost map and two relationships in the
delivery map. There are two reasons. The first reason is that
there should not be restrictions in terms of industrial sector,
while the second reason is the number of experts who were
used in this study. Maps were got by using the numbers of
experts which is close to upper limit number which was
referred in [25,27] article. In future studies, industry-specific
maps can be produces. Second, the performances of both
maps can be compared in terms of functionality by producing
another map a smaller number of experts.

In this study, the opinions of experts were based to obtain
maps. Transaction loads in ERP program of selected
performance variables were not considered. For this reason,
a more functional map can be made by comparing both
expert and transactional loads. This approach will be
addressed in terms of the subject of database optimization.
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Kompleks siilfiirlii ¢inko cevherinden ¢inko kazanimi genellikle yiiksek sicaklik prosesleriyle gerceklesmektedir. Cinko
ekstraksiyon proseslerinin icerdigi kavurma iglemleri, yiiksek sicakliklar gerektirmesi ve ¢evreye zararl kiikiirtlii gazlarin
cikisindan dolay1 alternatif yontemler arayisina neden olmaktadir. Bu calismada Rize Bolgesi kompleks siilfiirlii ¢inko
cevherlerinin hidro-elektrometalurjik bir proses olan anodik oksitleme li¢ iglemi aragtirilmigtir. Li¢ ¢alismalarinda mekanik
olarak aktive edilmis cevherden ¢inko kazanimina siilfiirik asit derisimi ve elektrotlar aras1 mesafenin etkileri incelenmistir. Elde
edilen ¢ozeltiler AAS ile analiz edilip ¢inko ekstraksiyon verimliligi hesaplanmistir. Bu ¢alismada en yiiksek Zn ekstraksiyon
verimi ¢ozelti derisiminin 3M ve elektrotlar aras1 mesafenin 3 cm oldugu kosullarda elde edilmistir.

Anahtar Kelimeler: Kompleks siilfiirlii Zn cevheri, lig, anodik oksitleme, hidro-elektrometalurjik proses
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Abstract

Zinc extraction from complex sulfide ores is usually carried out by high temperature processes. The roasting process in zinc
extraction caused that research for alternative methods because of the necessity of high temperatures and the emission of harmful
sulfur gases. In this study, anodic oxidation leaching that is hydro-electro metallurgy process was investigated with complex
sulfide Zn ores of Rize region. The effects of sulfuric acid concentration and interelectrode distance were investigated on Zn
extraction with using mechanically activated ores in leaching processes. The obtained solutions were analyzed by AAS for Zn
extraction efficiency calculations. In this study, the highest Zn extraction efficiency is obtained in condition of 3 M solution
concentration and interelectrode distance of 3 cm.

Keywords: Complex sulfide Zn ore, leaching, anodic oxidation, hydro-electrometallurgical process
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1. GIRIS

Metalik c¢inko iiretiminde en O6nemli kaynaklardan biri
kompleks ¢inko cevherleridir. Biitiin ¢inko kazanim
metotlarinda ¢inko cevher ya da konsantrelerinin oksit hale
getirilmesinde kavurma prosesi ilk islemdir. Hidrometalurji
yontemleri ile ¢inko kazaniminda iki kademe mevcuttur.
Birincisi kalsine edilmis cevheri asitli ortamda li¢ islemine
tabii tutmak, ikincisi ise elektroliz ile ¢ozeltiden metalik
¢inko elde etmektir [1].

Hidrometalurji,  kiymetli  metalleri  cevherlerinden
kazaniminda ekonomik ydnden ekstrasyon verimini
iyilestirmek igin yapilan ¢ok farkli li¢ proseslerini
icermektedir [2]. Cevher icerigine gore siilfiirik asit, nitrik
asit, hidroklorik asit gibi ¢oziiciiler, Fe2(SO4)3, FeCls, CuCly,
KCN, NaCN reaktif ¢ozeltileri ya da amonyakli ortamlarda
li¢ islemleri yapilabilmektedir [2,3,4].

Hidrometalurjik yontemlerle ¢inko iretiminde kavurma
isleminden kaynaklanan ii¢ sorun Onlenebilir. Bjorling,
Forward ve Veltman’in yaptigi ¢aligmaya gore bu sorunlarin
¢oziilebilmesi basing ligiyle miimkiin olmustur. Bu
calismalara gére kavurma islemiyle olusan ferritler, SO, gaz1
¢ikist onlenmektedir ve li¢ sonrasi atikta kalan civa gevre
kirliligine neden vermeyecek sekilde izole edilmektedir [5].

Hidrometalurji proseslerinde yenilik¢i bir yontem olan
elektrooksidasyon uygulamalari calisilmaktadir.
Elektrooksidasyon yonteminde ¢oziinmeyen elektrotlar
kullanilarak (Pt,Ti,Ru, paslanmaz ¢elik gibi) indirgenmeye
etki eden gazlarin (O, ve Hy) ortaya ¢ikarilmasi esastir. Bu
islem sonucunda ¢oziinebilirligi zor olan bir¢ok bilesik
icinden istenen elementler daha kolay ekstrakte
edilebilmektedir [6]. Bu sayede inert 6zellik gosteren metal
elektrotlarin kullanilmasiyla dogrudan ya da dolayli bir
sekilde oksitlenme saglanmaktadir. Elektrooksidasyon
prosesinde elektrot tipi, akim yogunlugu, siire, ph gibi
parametreler onemlidir [7]. Elektro destekli indirgeyici lig
islemini inceleyen bir ¢aligmada, kalkopiritin 300 dakika
stire ile 0,7 A, 0,5 A ve 0,3 A deney kosullarinda sirastyla
%96, %84 ve %060 indirgendigi raporlanmugtir [8].
Vanadyum ciirufundan vanadyumun elektrooksidasyonu ile
kazanimi  yapilan bir ¢alismada, 250 g/l  kati
konsantrasyonu, 0,4 A anot akimi, 2,8-3 V potansiyel, 20
mm elektrot araligi, 75 °C sicaklik ve 4 saat deney
kosullarinda %75'lere varan ¢oziinme verimine ulasildigt
goriilmiistiir [9].

Geleneksel pirometalurjik ve hidrometalurjik yontemlerde
kompleks cevherden metal kazanimi cevherlerin ihtiva ettigi
kiymetli metallerin ayr1 ayr1 konsantre edilmesi ile
miimkiindiir. Hidro-elektrometaliirji yontemi olan anodik
oksitleme li¢ iglemi ile metal kazaniminda ise cevherin ihtiva
ettigi metaller tek adimda ¢ozeltiye gegebilmektedir [10].

Bu calisma ile Rize bolgesi kompleks siilfiirlii ¢inko
cevherlerinden, yiiksek sicaklik iglemlerini igeren, ¢evreye
ve sagliga zararl kiikiirtlii gazlarin agiga ciktigi geleneksel
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kazanim metotlarina alternatif bir ydntem olan anodik
oksitleme li¢ islemi ile ¢inko ekstraksiyon aragtirmalari
yaptlmistir.  Yapilan c¢aligmalarda, cevherden c¢inko
kazanimina ¢ozelti derisimi ve elektrotlar arasi mesafe
parametrelerinin etkileri incelenmistir.

2. MALZEME VE YONTEM
2.1. Malzeme

Caligmalarda kullanilan cevher, Karadeniz bolgesi Rize ili
Cayeli Bakir Isletmeleri A.S. ’den konsantre halde temin
edilmistir.  Konsantre  cevher, halkali degirmende
ogiutiildiikten sonra neminden armdirmak {izere etiivde
bekletilmistir ve sonrasinda 200 mesh elek altina elenmistir.
Cevher, WC bilyalar kullanilarak 1/30 kati/bilye oraninda,
600 devir/dk ve 2 saat siire parametreleri kullanilarak
gezegensel bilyali degirmende mekanik olarak aktive
edilmigtir. Aktivasyon iglemi sonrasinda kimyasal analiz
BRUKER AXS’in S8 Tiger Dalgaboyu Dagilimli XRF
analiz cihazi ile yapilmistir. Cevherin kimyasal bilesimi
Tablo 1’de verilmistir.

Tablo 1. Cevherin kimyasal analizi.

Element %
Zn 9,30
Fe 22,32
S 20,80
Cu 13,05
Pb 0,58
@) 31,80
Ba 1,5

Digerleri 0,65

2.2. Yontem

Anodik oksitleme yontemi ile li¢ ¢alismalarinda DC gii¢
kaynagi, manyetik karigtiricilt sitici, li¢ kabi ve asidik
ortamda ¢oziinmeyen metal elektrotlardan olusan lig {initesi
kullanilmugtir. Optimum ¢aligma kosullarinin belirlenmesi
icin litertiirde anodik oksitleme yontemi ile yapilan bakir
ekstraksiyon veriminin incelendigi li¢ ¢aligmalari referans
olarak kabul edilmistir [4]. Coziicii derisiminin ve lig
iinitesinde elektrotlar aras1i mesafenin degisiminin ¢dziinme
verimine etkisinin incelendigi ¢alismalarda 75°C sicaklik, 30
stvi/kat1 orani, 300 devir/dk karistirma hizi, uygulanan voltaj
3V ve 2 saat li¢ stiresi kosullar1 sabit tutulmustur.

Li¢ calismalar1 sonrasi elde edilen ¢ozeltilerin Atomik
Adsorpsiyon Spektrometresi ile analizi yapilarak ¢dziinme
verimleri hesaplanmistir. Coziicli derisimi ve elektrotlar
aras1 mesafe parametreleri degistirilerek ¢6ziinme verimine
etkiler incelenmistir.



F. 0ZBOZ

3. BULGULAR
3.1. Anodik Oksitleme Li¢ Calismalar:

Literatiirde aym1 konsantre cevher kullanilarak yapilan
calismalarda mekanik aktivasyon iglemi ile partikiillerin
ufalmasi sonucu tanelerin ve i¢indeki elementlerin homojen
ve kiicilk boyutlarda dagilmak suretiyle serbestlestigi,
boylece cevherin uygulanacak pirometalurjik veya

hidrometalurjik proses igin daha uygun bir fiziksel hale
geldigi agiklanmustir [4,11]. Konsantre cevherin mekanik
aktivasyon Oncesi ve sonrast SEM goriintiileri Sekil 1.°de
verilmistir.

(@ (b)
Sekil 1. a) Aktive edilmemis; b) Mekanik olarak aktive
edilmis konsantrenin SEM goriintiileri.

Sekil 2.°de numunelerin XRD analizleri sonucunda
aktivasyon sonrasi piklerin siddet degerlerinin distiigi,
mineralin kristal yapisinin deforme oldugu ve kismi
amorflasmanin gergeklestigi goriilmektedir. Bu sebeplerle
yapilan tim c¢alismalarda mekanik olarak aktive edilmis
numuneler kullanilmustir.

1750

—— Aktive edilmig cevher
—— Aktive edilmemig cevher

1500 —
1250 —__.‘&_.AJ\MJ\_L_LM "

1000

750 —

Siddet

500
250

m*_wlddwalJ.LﬁjthLJJ_ﬁu_Uu,_x

I 1 I I I 1 T
10 20 30 40 50 60 70 80 20

29 (derece)

Sekil 2. Aktive edilmemis ve mekanik olarak aktive edilmis
cevherlerin XRD analizleri.

3.1.1. Cozelti Derisiminin Li¢c Verimine Etkisi

Mekanik olarak aktive edilmis numuneler kullanilarak,
¢Ozlinme verimine ¢oziicii derisiminin etkisini incelemek
i¢cin anodik oksitleme yontemi ile li¢ ¢aligmalar1 yapilmistir.
Cozelti derigiminin li¢ verimine etkisinin incelendigi lig
calismalarinda 3 cm elektrotlar arasit mesafe, 30 sivi/kati
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orani, 300 devir/dk karistirma hizi, 75°C sicaklik, uygulanan
voltaj 3V ve 2 saat siire kosullarinda gergeklestirilmistir.

Cinko ¢ozlinme verimlerine ait degerler Tablo 2’de ve bu
verilerden elde edilerek ¢izilen grafik ise Sekil 3.’de

verilmigtir.

Tablo 2. H,SO,4 derisiminin Zn ¢dziinme verimine etkisi.

H2SO4 Derisimi % Zn Verimi
Destile Su 64,9

05M 73,01

1M 76,9

2M 79,54

3M 100

Tablo 2’deki degerler incelendiginde, H>SOs derisimi
artisinin Zn ¢dziinme verimine etkisi artmaktadir. Asitsiz
ortamda Zn ¢dziinme verimi % 64,9 degerinde iken 3 M
H>SO, ortaminda ¢éziinme verimi % 100 ulagmustir.

100 10
=90
£
5 80
>
g 70
=)
Hee
S 60
1 Destile 05M 1M 2M 3M
N Su

Cozelti Derigimi (H,SO,)

Sekil 3. Anodik oksidasyon ile li¢ ¢aligmalarinda H>SO4
derigiminin Zn ¢éziinme verimine etkisi.

Lig sisteminde oksijenin gerekliligi agagidaki reaksiyonlarda
goriilmektedir.

ZnS + H2S04 + 1/20,— ZnS04 + S° + H,0
ZnSO4— Zn?* + S04+

)
@

Saf suda dahi ¢dziinme veriminin yiiksek olmasi, anodik
oksitleme yontemi ile agia ¢ikan ve kompleks cevherlerin
¢dziinmesinde dnemli rol oynayan O gazinin etkisi olarak
distiniilmektedir [4].

3.1.2. Elektrotlar Aras1 Mesafenin Li¢ Verimine Etkisi

Coziinme verimine elektrotlar arast mesafenin etkisini
incelemek amactyla anodik oksitleme yontemiyle yapilan li¢
caligmalarinda, diger kosullar sabit tutularak yine mekanik
olarak aktive edilmis numuneler kullanilmigtir.
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Calismalar sirasinda segilen elektrotlar arast mesafeler ve
elde edilen ¢inko ¢6ziinme verimlerine ait degerler Tablo
3’de verilmistir. Bu veriler yardimiyla ¢izilen grafik ise Sekil
4’de goriilmektedir.

Tablo 3. Elektrotlar arasi mesafe degisiminin Zn ¢6ziinme
verimine etkKisi.

Elektrotlar Aras1 | % Zn Verimi
Mesafe
lcm 79,12
2cm 89,59
3cm 100
4cm 85,44
5¢cm 75,45
105 100
x 100
E 95
290
g 85
2 80
He)
o 75
S lecm 2cm 3cm 4cm 5cm

Anot-Katot Aras1 Mesafe

Sekil 4. Anodik oksidasyon ile li¢ caligmalarinda elektrotlar
arasi mesafenin Zn ¢6ziinme verimine etkisi.

Elektrotlar arasi mesafe ¢ok yakin olmast durumunda zaman
zaman partikiillerin elektrotlara ve birbirlerine temas eden
kopriiler kurduklar: ve akimin da zaman zaman bu kopriiden
gecmesi nedeni ile anot yiizeyinde oksidasyon olusmadigi ve
bu nedenle verimin diigik kaldig1 soylenebilmektedir.
Elektrotlar arasi mesafenin fazla olmast durumunda anot
yiizeyinde aciga c¢ikan oksijen ile reaksiyona girecek
yiizeyde yeterli partikiiliin az olmast nedeni ile oksidasyon
(¢oztinme) simirlt  kalmaktadir. Anodik oksitleme li¢
sisteminde mesafe 3 cm olarak ayarlandiginda ise bu islem
optimum diizeyde olmaktadir [4].

4. SONUCLAR

Kompleks siilfiirlii ¢inko konsantresinin anodik oksitleme li¢
yontemi ile kavurma gibi yiiksek sicakliklar gerektiren 6n
islemler uygulanmadan, atmosferik basingta ve diisiik
sicakliklarda  yiiksek  ¢ozlinme  verimlerinin  elde
edilebilecegi gorilmiistiir.

Anodik oksitleme li¢ ¢calismalarinda mekanik olarak aktive
edilmis numuneler kullanilmasiyla ¢6ziicii olarak saf suyun
kullanilmasinda dahi yiliksek ¢6ziinme verimleri elde
edilmistir. Elektrotlar aras1 mesafenin 3 cm oldugu, 3 M
siilfiirik asit ¢ozeltisinde, 75°C sicaklikta, 30/1 sivi/kati
orant, 300 devir/dk karigtirma hizi, 3 V voltaj ve 2 saat li¢
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stiresi kosullarinda yapilan li¢ ¢alismalarda Zn ¢dziinme
verimi % 100 olarak elde edilmistir.

Silfiirlii cevherlerin degerlendirilmesi, endiistriyel olarak
yiiksek sicakliklarin kullanildigi, cevreye zararli birgok
kiikiirtlii gazlarin ¢ikisini ihtiva eden pirometalurji veya piro-
hidro-elektrometalurji yontemleri ile yapilmaktadir. Hidro-
elektrometalurji yontemi olan anodik oksitleme ydntemi;
¢ozlinme verimlerinin yiiksek olmasi, disiik sicakliklarda
gerceklesmesi, kiikiirtli gazlarin ¢ikisinin olmamast gibi
¢evreye ve ekonomiye daha duyarli avantajlar icermekte ve

geleneksel yontemlere alternatif olabilecegi anlasiimaktadir.
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Niifusun siirekli artmasi ve sanayinin gelismesi, basta su olmak iizere farkli sivilarin depolanma ihtiyaci, sivi depolarinin insa
edilmesini gerekli kilmaktadir. Diger taraftan depolarin dinamik davraniglarint daha gercekei olarak belirleyebilmek igin
calismalar da yapilmaktadir. Bu g¢alismalardan uygun goriilenler yonetmeliklere alinmaktadir. Bu g¢aligmanin amaci, sivi
depolarinin depreme gore hesabini yapmak durumunda kalan ya da bu konuya ilgi duyan mithendislerin; sivi depolarinin dinamik
yiikler etkisindeki davranisini anlamalarina yardimei olmak, bunlar i¢in yonetmeliklerde dngoriilen bagintilar1 karsilastirmali
olarak sunmak ve siv1 depolarinin hesap ve tasariminit yapabilmelerine katki saglamaktir. Bu amagla ¢aligmada, silindirik sivi
depolarinin sismik analizi igin ACI 350 ve EUROCODE 8§ yonetmeliklerinde 6ngdriilen hesap esaslart ve parametrelerin
belirlenmesinde kullanilan bagintilar karsilastirilmalr olarak irdelenmektedir.
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1. GIRiS

Bir yapry1 giivenli bir sekilde tasarlamak i¢in, farkli yiikleme
kosullar1  altindaki davranisiin ayrintili  bir  sekilde
irdelenmesi gerekmektedir. Farkli yiiklemelerden dogacak
gerilmelerin ve sekil degistirmelerin incelenmesi i¢in farkl
teorik, sayisal ve deneysel yontemler bulunmaktadir.
Deprem etkisi altinda, sivi depolarmin projelendirilmesi,
hem yiikleme agisindan hem de deponun o6zellikleri
acisindan onem arz etmektedir. Akaryakit ve kimyasal sivi
depolarinin tasariminda, 6zellikle deprem sonrasinda ¢ikan
yanginlar  nedenleriyle = daha  hassas  davranmak
gerekmektedir. Ciinkii 6nemli can kayiplarinin yaninda
cevreye de telafisi zor olan zararlar verebilmektedir. Sivi
depolari; ahsap, c¢elik veya betonarme olarak inga
edilebilmektedir. Betonarme ya da g¢elik olarak insa edilen
stvi depolarmin ekonomik dmiirleri genellikle 40 ila 75 yil
arasinda degigmektedir [13].

Bir sivi deponun yapimina karar verildiginde, hidrolik ve
yapisal  disiincelerin  bir arada  degerlendirilmesi
gerekmektedir. Ciinkii bir depo; yapisal olarak miikemmel
bir sekilde olsa da, hidrolik agisindan yetersiz olabilir.
Bunun tersinin olmasi da miimkiindiir. Ozel miihendislik
yapilarindan olan betonarme depolar icin verilen hesap
esaslar1 ve gecirimsizligin saglanmasi i¢in alinan énlemler,
yiizme havuzlari i¢in de gegerlidir.

2. DEPOLARIN KULLANIM AMACLARI
SINIFLANDIRILMASI

VE

Sivi depolar1 genel olarak; dairesel, dikdortgen veya kare
kesitli olabilirler. Sivi depolart i¢in farkli agidan yapilan
siniflandirmalar Sekil 1°deki semada sunulmaktadir. Bu
calismanin uygulamasina konu olan depo; sunulan depo
siniflarindan zemine nazaran konumlarina gore yer {istii ve
hazne geometrisine gore de silindirik olarak se¢ilmistir.

DEPOLARIB SINIFLANDIRILMASI

Br.tonarme

ledmzm

Yer st

Su depolan

Akaryakst

ol Silindirtk
1

beton

Sekil 1. Depolarin siiflandirilmasi [9]

—

Kafes

Stwilastintms
gaz depolan
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3. SIVI DEPOLARININ DINAMIK ANALIZI iCiN
ONERILEN MEKANIK MODEL

S1vi depolari; dinamik bir etkiye maruz kaldiginda, depo
igindeki sivinin hareketi, asil olarak iki kiitlenin hareketi
olarak modellenmektedir. Bunlardan ilki deponun yapisal
kismu ile birlikte hareket eden sivi kiitlesi (impuls kiitlesi),
ikincisi yapisal kisimdan bagimsiz olarak hareket eden ve
impuls kiitlesine nazaran degisik periyotlarla salinim yapan
stvi kiitlesi (salimim kiitlelesi) dir. Bu model Sekil 2 de
goriilmektedir. Sekilde R Silindirik depolarin i¢ yarigapini, h
stvinin  yiiksekligini gostermektedir. Sekilde m;  ve mg
sirastyla impuls ve salimim kiitlelerini, hj ve A’ ise impuls
kiitlesinin ve devirici moment hesabinda etkili impuls
yiiksekliklerini temsil etmektedir. Benzer sekilde, he ve &’
salinim kiitlesinin ve devirici moment hesabinda etkili
salimim yiiksekligini ifade etmektedir.

m.

vy
n;
L

—r—

Sekil 2. Silindirik betonarme deponun dinamik modeli [6]

he(h')

_T_
(')
b

Deponun alt kismindaki sivinin meydana getirecegi etki
impuls kuvveti, st kismindaki sivinin meydana getirecegi
etki ise salimm kuvveti ile temsil edilmektedir. Depo
icindeki sivi impuls kiitlesinin depo duvarlan ile birlikte
hareket ettigi, salimim kiitlesinin ise depo duvarlarindan
farkli olarak hareket ettigi belirtilebilir. Impuls ve salimim
titresimi temsil eden toplanmig kiitle kavramini kullanarak
depolarin dinamik analizi yapilabilmektedir. Bu modeller
basit ve hizli bir degerlendirme saglamaktadir. Silindirik
depolar i¢in iki kiitleli olarak tanimlanan bu model Housner
tarafindan yonetmelikleri girebilecek hale getirilmistir.

4. ACI 350 VE EUROCODE 8 DE DIKKATE
ALINAN MODELLER

S1vi depolarimin dinamik hesaplari ile ilgili olarak ACI 350
ve EUROCODE 8 de toplanmus kiitle yaklagim
kullanilmaktadir. Bu baglamda ilk olarak sivi deposunun
geometrik sekline gore sivi deposu igindeki toplam kiitle
belirlenmekte, daha sonra bu kiitleye bagli olarak katsayilar
kullanilarak impuls ve salinim kiitleleri hesaplanmaktadir.
Dogal olarak deponun boyutlarina bagli olarak bu kiitlelerin
oranlar1 da degismektedir. En genel olarak ¢ok si1g depolarda
beklendigi gibi depo igindeki sivinin 6nemli bir kismi
salmim kiitlesine katilmakla ve salimim kiitlesi 6n plana
¢ikabilmekte, derin depolarda ise impuls kiitlesi daha etkin
olabilmektedir. ACI 350 ve EUROCODE 8 de dikkate alinan
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kiitlelerin ~ degerleri Tablo 1 de bunlarin etkime
yiiksekliklerinin degerleri ise Tablo 2 de verilen bagmntilarla
belirlenmektedir. Bu tabloda R depo yarigapimi, D depo
|, degistirilmis bessel

capint , h sivinin yiiksekligini,

fonksiyonu, |1' degistirilmig bessel fonksiyonun tiirevini,

A, birinci mertebeden bessel fonksiyonu, V, mod ve
frekansa gore degisen bir katsayiy1 gostermektedir.

EUROCODE 8 koduna gore, deponun bagmtilar deponun
doluluk oraninin  fonksiyonuna gore belirlenmektedir,
kiitlelerin hesabindan 6nce orani hesaplayip deponun si1g mi1
derin mi oldugunu karar verilmektedir:

Academic Platform Journal of Engineering and Science 7-3, 528-540, 2019

h/R <15 ise depo sig,
h/R >1.5ise depo derin.

Silindirik kesitli s1§ ve derin depolardaki oranina gore
impuls ve salinim kiitlesinin degisimi  Sekil 3 de, bu
kiitlelerin etkime yiiksekliklerinin degisimi ise Sekil 4 de
goriilmektedir. Sekil 3 den goriildiigi gibi doluluk oraninin
cok kiiciik degerleri igin salimim kiitlesi orani ¢ok biiyilik
olurken, bu oran 0.8 civarinda her iki kiitle degeri birbirine
esit olmakta, bu degerden sonra da artik impuls kiitlesinin
orant artarak devam etmektedir.

Tablo 1. Silindirik depo i¢indeki sivi kiitlelerinin ACI 350 ve EUROCODE 8’e gore belirlenmesi

Yonetmelikler ACI 350.3-06 EUROCODE 8
Toplam s1v1 kiitlesi - R2 h- P, — - RZ .h- P,
Impuls kiitlesi orani anh (O.SGG(D)) _o )Z V I(h/ R)]
i _ h n0V3| [v,/(h/R)]
™ 0866(2)
h

Salinim kiitlesi orani 2tanh h/R

= O.23O><(B]>< tanh (3.683] m, 2[4 2/ )]

m h D m A (h/R)(A2-1)

Tablo 2. ACI 350 ve EUROCODE 8’e gore siviya iligkin etkili yiiksekliklerin belirlenmesi

Yonetmelikler ACI 350.3-06 EUROCODE 8
I 1 kiitlesi tkime B
Iflpuswuem etki 2 13333£ 0.375 z( n" | V/(h/R)][V (—1)n—1]
yiiksekligi orant h h hi s Vn V /(h / R)] n
D h = 1,[v,/(h/R)]
Eger —<1.333 =
_— Z n3| [v,/(h/R)]
ﬁ = 0.5—0.09375(£j
D
Salimm  kiitlesi  etkime —
I cosh {3.68xh}—1 i: + L COSh_[/l”(h/R)]
yiiksekligi orani h D h 2,(h/R)sin[4,(h/R)]
N 368x " xsinh [3.68hj
D D
Devirici moment hesabinda ' n+l
D h, Vv, +2( 1) I [V /(h/R)]
impuls  kiitlesi  etkime F<O n = F =0.45 ; +2(5 )Z [V I(h/ R)]
yiiksekligi oram F - o V I(h/ R)]
. D
Eger F >0.75 = 2(— )nZ(;V [V /(h/ R)]
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D
h_‘i_ 0.866><F _1
h 2tanh(0.866xﬁj 8
Devirici moment hesabinda ' _

R N cosh| 3.68x 1 |- 2.01 he_y, 2-cosh[4(h/R)]
salmm  kiitlesi ~ etkime h, 1 D h ﬂn(h/R)sin[/ln(h/R)]
..k kl'v. - -
yitksekligi oram h 3.68(hjsinh (3.68h)

D D

Sekil 4 den gorildigi gibi impuls ve salimm kiitlelerin
etkime yiiksekliklerinin degisimleri de doluluk oraninin
kiiciik degerleri i¢in birbirinden ¢ok farkli olmakta, ancak bu
oranin 1 degerinden itibaren aralarindaki farklar azalmakta
ve yataya yakin bir sekilde ilerlemektedir.

1

mi-Smy
g —

0.6 1
04 —

021

nying

1.5

2.5

Sekil 3. h/R oranina gére m;/ m; ve m¢/ mjoranlari [4]

LU

0 25

| :
Sekil 4. h/R oranina gore h;i/h, he/h, h’i/ h, h’/h oranlar
[4]

0.5

EUROCODE 8’¢ gore h/R oranma gore, C; ve C
katsayilarin, kiitlelerin ve etkime yiiksekliklerinin degerleri
Tablo 3 de sunulmaktadir. C; ve Cc katsayilarimin h/R oranina
gore degisimleri grafik olarak Sekil 5 de sunulmaktadir. Bu
sekilden goriildiigii gibi C; katsayisindaki degisim daha fazla
olmaktadir.

Tablo 3. Eurocode 8’e gore h/R oranina gore dinamik parametrelerin degerleri

h/R Ci Ce(s/my/2) | mi/my me/ m; hi/h he/h n’il h h’clh
0,3 9,28 2,09 0,176 0,824 0,400 0,521 2,640 3,414
0,5 7,74 1,74 0,300 0,700 0,400 0,543 1,460 1,517
0,7 6,97 1,60 0,414 0,586 0,401 0,571 1,009 1,011
1,0 6,36 1,52 0,548 0,452 0,419 0,616 0,721 0,785
15 6,06 1,48 0,686 0,314 0,439 0,690 0,555 0,734
2,0 6,21 1,48 0,763 0,237 0,448 0,751 0,500 0,764
2,5 6,56 1,48 0,810 0,190 0,452 0,794 0,480 0,796
3,0 7,03 1,48 0,842 0,158 0,453 0,825 0,472 0,825
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-

O+
0

0.5 1 - :
Sekil 5. h/R oranina gore Ci, C¢ katsayilarinin degisimi [4]

LS 2 25 3
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Silindirik bir deponun titresimi i¢in impuls ve salinim
periyotlar1 olmak iizere iki farkli periyot belirlenmektedir.
Bu periyotlarin belirlenmesi i¢in gerekli olan bagmtilar

Tablo 4 de sunulmaktadir. Bu tablodaki semboller: E
elastisite modiilii, C,, ve C, periyodun hesabinda kullanilan

C

katsayilar, J yergekimi ivmesi, ¥, beton yogunlugu, C,

p
yogunlugu, S duvar kalinhigi, C, periyodun hesabinda

periyodun hesabinda kullanilan katsayilar, S1v1

kullanilan katsay1.

Tablo 4. ACI 350 ve EUROCODE 8’e gore siviya iligkin periyotlarin belirlenmesi

Yonetmelikler ACI 350.3-06 EUROCODE 8
Impuls periyodu

C|=CWX tW ve Tizcixﬂ
(T) 10xR JSTRxE

w, =C, X%« [10°EgQ/ y, olmak iizere
.
W,
Salimm  periyodu h T =C x \/ﬁ
hesabi (T,) A= \/3.689 tanh [3.68(B)i| olmak iizere ‘ ‘
T. = 2—”x D

Bir deponun toplam sismik tepkisi i¢in dogal titresim
periyotlari, kesme kuvveti ve devirici moment agisindan
analiz edilmesi gerekmektedir. ACI 350 ve EUROCODE 8’e

gore kesme kuvveti hesabr Tablo 5 de, moment hesabi ise
Tablo 6 da sunulmaktadir.

Tablo 5. ACI 350 ve EUROCODE 8’e gére depremde olusabilecek kesme kuvveti hesabi (V)

ACI 350.3-06

EUROCODE 8

V:«R+m+ﬂf+w
Impuls kuvvetinin hesab1 ( P, )
P=Z5.1C x

Duvar kiitlesi etkisi ile olusan kuvvet hesabi (P, )

P =75.1.6C x

V =(m+m,+m)xS,(T,)+mS,(T.)
Duvar kiitlesi hesab1
m, =2xzxRxHxt, xp,
Kapak kiitlesi hesabi
m =zxR*xt xp,

Periyoda gore S, (Tn) hesabini yapilmasi
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Cati kiitlesi etkisiyle meydana gelen kuvvet hesabi (P, ) 0<T, <T;:

mr

P =25.1C x

Salinim kuvvetinin hesabi ( Pc )

. T,<T <T.:
P=2S1C x—=
ACI 350 de verilen tablolardan alinacak katsayilar (Z ,S,1, Se (Tn) =4d, Sn.2,5
Ry Ry,
Duvar yiikii etkisiyle olusacak kuvvet hesabinda kullanilan Te<T,<Ty:

£ <1.0 Kkatsay1

2 T,
€= o.0151(%j —0.1908(%j+1.021 Se (Tn)Zag-S-n.2,5.{T—C}
C, impuls periyoduna gdre hesaplanir,eger
T, <T,<04s
T,<031sise C; =2.5
1.25
T,>2031s ise C, = —~ T T
T2 S, (Tn)=ag.5.77.2,5.{ 'C|'2D:|

C, salinim periyoduna gére hesaplanir.

Ivme hesabinda alinan degerler EUROCODE 8 Part |

6
T.224s; C, = =7 den kullanilmustir.
C

Tablo 6. ACI 350 ve EUROCODE 8’¢ gore siviya iliskin moment ve yiiksekliklerin belirlenmesi
Yonetmelikler ACI 350.3-06 EUROCODE 8

Egilme M, = (M M, M M2 | Mo=(mh+mh, +mh,).s, (T)+mh.s, (T.)
momenti (M)

Impuls kuvetinden olusan impuls momenti
M, =P xh,
Duvar kiitlesinden meydana gelen duvar

momenti
M,, =R, xh,
Cati1 kiitlesinden meydana gelen cati
momenti

M, =P xh,
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Salinim kuvvetinden olusan salinim
momenti
M. =P.xh,
Deprem , ‘ _ - .
p d M. :\/(Mi YR Mr)2 YERLA =(mh’+mh, +mh).S,(T,)+mh S, (T,)
esnasinda
olusabilecek Devirici momenti hesabinda kullanilan
devirici momenti impuls momenti
(M) M; =P xh
Devirici momenti hesabinda kullanilan
salinim momenti
I\/ICI = R: X hC'
Duvar kiitlesinden meydana gelen duvar
momenti
My, =Ry x h\/v
Cat1 kiitlesinden meydana gelen cati
momenti
M, =P xh
Maksimum
d = E |><77 X% d :Rxse(Tc)
olusabilecek max 2 c T02 max g
dalga yiiksekligi
(dpax)
Table 7. Verilen parametre
5 SAYISAL UYGULAMA ACI 350.3-06 EUROCODE 8
E=2110°N/m’ h=6.25m
Bu béliimde pratik uygulama i¢in EUROCODE 8’e gore rijit
ve esnek, ACI 350 ye gore esnek ¢Oziim yapilmistir. v=0.17 R=6.25m
Dérdiincii (4) deprem bolgeye gore analiz edilmistir ( her iki H-8
standart i¢in yer ivmesi ve yapt davramig katsayisi ayni t, =0.5m =om
secilmistir).
g=9.81m/s? 7, =1000k, / m’®
= 4 E Z =1.226 agR =01g

|
R=6.25 m ' R=6.25m

D=125m

————%

Sekil 6. Kullanilan depo modeli
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Tablo 8. ACI 350 ve EUROCODE 8’e gore siviya iliskin kiitle,etkili yiikseklik ve salinim periyodun hesabi

Yonetmelikler

ACI 350.3-06

EUROCODE 8

Toplam s1v1 kiitlesi

2
m, = ﬂx% x 6.25x1000

m, = 766601.563k,

m, = 7x6.25% x6.25x1000
m, = 766601.563K,

Impuls kiitlesi orani

tanh [0.866(12'5)}
6.25

m, 0.866(?2'2)

m, = 415611.356k,

6.25
m
—1=0.548 = m =0.548m,
mI

m, = 0.548x 766601.563
m, = 420097.656k,

Salinim kiitlesi orani

M. _0.230(22).tanh {3.68(%)}
m 6.25 125

m, =352636.434k,

m

m,

© —0.452 = m, =0.452m,

m, =0.452x 766601.563

m, = 346503.907K

h 8
2tanh [(0.866(6.25)}

% =0.797 = h, =4.981m

impuls  kiitlesi  etkili D hi h
. . Depoda —>1.333 = —=0.375 —+=0419 = h =0.419h
yiikseklik hesab1 h h h
h =0.375x6.25 h =0.419x6.25
h =2.344m h =2.619m
Salimim  kiitlesi  etkili 6.25 hc 0,616 h —0.616h
yiikseklik hesab1 hC _1 cosh |:3.68(12,5):| -1 F - = =5
36852 sinh| 3.68(%:2%) h, =0.616x6.25
12.5 125
) h, =3.850m
T=0602=>h, =0.602h = h, =3.763m
Devirici moment D S hi' ,
hesabinda etkili impuls Depoda F 20.75 —=0.721 = hi =0.721xh
yiiksekligi hesab1 (% °7) .
; 0.866(12) h' =0.721x6.25
hi _ 625" 1 ,
12.5 h =4.506m
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Devirici moment 6.25 h, :
hesabinda etkili salinim h'C 1 cosh |:3'68(12.5):| 20 h =0.785= R =0.783h
yiiksekligi hesabi (4 c) h 3 68(@)xsinh 3 68(@) h' =0.785x6.25
125 125 ’

X h, =4.906m

—-=0784= h, =4.900m
(S-T—h;nm periyodu hesab1 T - 27rxJ12.5 T, =1.52x+/6.25

i 3.68x9.81x tanh {3.68>< 6'25} T =3.800s
12,5
T, =3.789s

Tablo 9. ACI 350 ve EUROCODE 8’¢ gére siviya iliskin impuls periyodun hesabt (T,)

ACI 350.3-06 EUROCODE 8
T 2 Depo rijit olarak kabul edildiginde s1vi deposu deprem
P ;I esnasinda zemin hareketini taklit edecektir.
Dordiincii deprem bolgesi kabulune gére zemin ivmenin
C, Katsayist hesabinda kullanillan C,, katsayimin hesabr :
hesabi :
C. =9.375.107 +0.2039(>2) —0.1034 22y n=1l= ax=01g
12.5 12.5
6.25 6.25 6.25 e =008
—0.1253(——)° +0.1267(——)" —3.186.10*(-—)°
23 25 25 a, =0.981
C, =0.1611099 a, = xay
C, Katsaymin hesabr : a =1.25%0.981
g . .
2
C, =0.1611099, |2 a, =1.226m/s
10x6.25
C,=0.0144 Depo esnek olarak kabul edildigi zaman impuls
Acisal hiz hesabi periyodun hesabini yapilmalt :
3 3 1x6.25
0 00144 L \/10 x 21.10° x9.81 T — 6.36x Oxsfx
6.25 2.4 6 25 % 21103
o, =21.346 '
T, =0.3065
T = 2
21.346
T, =0.300s
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Tablo 10. Deprem esnasinda olugabilecek kesme kuvveti hesab1 (V )
ACI 350.3-06 EUROCODE 8

C, ve C, katsayilarin hesabi
Duvar kiitlesi hesabr :

T, <0.31s;: C, =25
m, = 2x 7x6.25x8x0.5x 2400 m, =376800k,

T.2245,C =2 . C, = 6 ~
T 3.789

C

; C,=0.4179 Kapak kiitlesi hesab1
m, = 7x6.25” x0.2x 2400

Duvar yiikii etkisiyle olusacak kuvvet hesabinda kullanillan

& katsay1 hesabi m, = 58875k,

2
E= 0.0lSl(ﬁj - 0.1908(%] +1.021
12.5 12.5

=0.9294 ; £<1.00

Impuls ivmesi hesab :

s=1.2 olursa ve %5 soniim icin

[mpuls kuvvetin hesab1 (P, )

T, <T <T,
P :1.226x1.2x1.25x2.5x% S,(T.)=1.226x1.2x1x2.5
P =14986.456KN S.(T;)=3.678

Salinim kuvvetinin hesabi ( P,) ) '
salinim ivmesi hesab :

P _1226x1.2x1.25%0.4179x 221219 Tp <To <4s
P. = 2656.935KN S, (T.) =1.226x1.2x1x 2.5x(oé58><22j
Duvar kiitlesi etkisiyle olusan kuvvet hesabi ( P,) S_(T.) = 0.255
P, =1.226x1.2x1.25x0.929 x 2.5><M
25 Depo rijit olarak kabul edildiginde :
P, =12622.291KN V =4118.604 x1.226 + 3397.097 x 0.255

Cati kiitlesi etkisiyle meydana gelen kuvvet hesabi (P.) V =5915.668KN

577.206

P =1.226x1.2x1.25x2.5x Depo esnek olarak kabul edildigi zaman :

V =8389.927 x3.678+3397.097 x 0.255

P =2122.963KN
V =31724.410KN

V=\(R+P,+P) +P?

V = /(29731.71)" +(2656.935)°

V =29850.019KN
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Tablo 11. Deprem esnasinda olusabilecek Egilme momentin hesabi (M)

ACI 350.3-06 EUROCODE 8
h =2.619m
Impuls kuvvetinden olusan impuls momenti h, =4m
M, =14986.456 x 2.344
h, =8.10m

M, =35128.253KNm

Salinim kuvvetinden olusan salinim momenti

M, = 2656.935x3.763
M, =9998.046KNm

Duvar kiitlesinden meydana gelen duvar momenti

M, =12622.291x4

M, =50489.164KNm

Cat1 kiitlesinden meydana gelen ¢att momenti

M, =2122.963x8.10

M, =17196KNm

M, = (M, + M, +M, ) + M2

M, = /(102813.417)’ +(9998.046)’

M, =103298.401KNm

Depo rijit olarak kabul edildiginde :
M, =a+b

a = mhs,(T,) = 4118.656 x 2.619x1.226
mhsS, (T,) =13224.567KNm
b = m.h,S, (T,) =3397.097 x3.85% 0.255
mh,S, (T,) = 3335.099KNm
M, =13224.567 +3335.099
M, =16559.666KNm

Depo esnek olarak kabul edildigi zaman :
M, =a+b
a =
(mh, +m,h, + m.h,)S,(T,) =111217.02KNm
b=

mh,S, (T,) = 3335.099KNm
M, =111217.02 +3335.099

M, =114552.119KNm

Tablo 12. Deprem esnasinda olusabilecek devirici momentin hesabi (M )

ACI 350.3-06

EUROCODE 8

Devirici momenti hesabinda kullanilan impuls

momenti

M. =14986.456 x 4.981

M, = 74647.537KNm

Depo rijit olarak kabul edildiginde : M, =c+d
cC=
mh'S, (T,) = 4118.656 x 4.506 x1.226
mh'S, (T,) = 22752.922KNm

d =
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Devirici momenti hesabinda kullanilan salinim mh's (T.) =3397.097 x 4.906 x 0.255
momenti

- S = 4249.870KN
M, =2656.935x 4.9 mh, S, (T.) m

| M, = 22752.922 + 4249.870
M, =13018.981KNm

M, =27002.792KNm

, 2 . Depo esnek olarak kabul edildigi zaman :
M, =\/(|\/|i +My, +M, ) +M,?

M,=c+d
M, = /(142332.701)° + (13018.981)’ co
M, =142926.875KNm (mhy +m,h, +mh)S, (T,) =139802.58KNm
d =

m.h,'S, (T,) = 4249.870KNm
M, =139802.58 + 4249.870
M, =144052.45KNm

Tablo 13. Maksimum olusabilecek dalga yiiksekligin hesabi (d,,, )

ACI 350.3-06 EUROCODE 8
g - (E}d.%xlx 1.226x0.255 0 —6.25: 0255
38 9.81

O = 0.174m 0,y = 0.162m

6. SONUCLARIN iRDELENMESI

Gergeklestirilen  dinamik  analizden ACI 350 ve
EUROCODE 8 gore gergeklestirilen c¢oziimlemelerden 114552.119KNm
hesaplanan kesme kuvvetinin karsilagtirtlmasi Sekil 7 de,
Egilme momentinin karsilastirilmas: Sekil 8 de, devirici
momentin karsilagtirilmasi Sekil 9 da, dalga yiiksekliklerinin
karsilagtirilmasi ise Sekil 10 da sunulmaktadir.

31724.410KN

-

EGILME MOMENTI

EUROCODE 8 - ACI 350
W EUROCODE 8 - RUIT W EUROCODE 8 - ESNEK

Sekil 8. Egilme momentinin karsilagtirilmasi

KESME KUVVETI

EUROCODE 8 - ACI 350
B EUROCODE 8- RIJIT  BEUROCODE 8 - ESNEK

Sekil 7. Kesme kuvvetinin karsilastirilmasi
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144052.45KNm
= 142926,875 KNm
Z
=
=
o I
=
o
& J— I
‘2 27002.792KNim
o
2

( - ACI 350
B EUROCODE 8 - RUIT B EUROCODE 8 - ESNEK
Sekil 9. Devirici momentin karsilastirilmasi

0.174m
?_% 0.162m
[ ¥
20
a =
s §
; -
s
<
= -ACI 350

W EUROCODE 8 BACI 350
Sekil 10. Maksimum dalga yiiksekliklerinin Karsilastirilmasi

7. SONUC

Calisma kapsaminda ACI 350 ve EUROCODE 8’de
silindirik  stvi depolart  i¢in  Ongériilen  bagintilar
karsilastirilmali olarak sunulmustur. Ornek bir silindirik
depo secilerek belirtilen iki koda gore depreme gore hesabi
yapilarak dinamik parametreleri belirlenmistir. Buna gore;
Eurocode 8’¢ gore gergeklestirilen rijit ve esnek ¢oziimler
arasinda c¢ok biiyiik farklar ¢ikmaktadir. Dolayisiyla depoyu
rijit olarak Kabul ederek gergeklestirilen ¢oziimlemeler
gercekte elverigsiz durumda kalabilmektedir.

Elde edilen impuls ve salimim kiitleleri ile bunlarin etkime
yiikseklikleri birbirine yakin olarak belirlenmis aralarindaki
maksimum fark %4 olmustur.

Kesme kuvveti, egilme momenti, sivi deposunun devirici
momenti ve deprem esnasinda olusacak maksimum dalga
yliksekliginin ~ degerleri de birbirine yakin olarak
belirlenmistir. Maksimum fark %6 olmustur.
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Oz

Son yillarda, hizli niifus artist ve ekonomik gelismeler sonucunda iilkemizde biiro binalarmin sayisinda 6nemli artislar
goriilmektedir. insa edilen bu binalar oldukea biiyiik ve mimari acidan karmasik tasarima sahip olmaktadirlar. Bu tip karmasik
yapilara sahip biiro binalarinin insasindan sonra hatali projelendirmenin degistirilebilmesinin zorlugundan ve yiiksek
maliyetlerinden dolayr yangin tesisati ve acil durumlarda binada bulunanlarin tahliye senaryolari, bina proje asamasinda iken
planlanmalidir. Biiro binalar1 da bu planlar dikkate alarak 6zenle inga edilmelidir. Ayrica bina igerisinde c¢alisanlarin sayis1 ve
yerlesimine gore belirli araliklarla tahliye senaryolar: gelistirimleri ve tatbikatlar uygulanmalidir. Tahliyenin 6nceden planlanmis
senaryolara bagli olarak baglamamasi halinde, optik yogunluk sonucu bogulma kaynakli oliimlerle karsilasma oram
azimsanmayacak kadar fazladir. Bu sebeple mutlaka giincel tahliye senaryolar1 hazirlanmali, miimkiin oldugu kadar tatbikatlar
yapilmali ve gelisen yazilim teknolojisini kullanilarak en efektif tahliye senaryosunun tespiti yapilmalidir. Bu ¢aligmada, hem
insani hem de yapisal tahliye unsurlari ile ilgili olarak 6 farkli senaryo hazirlanmig ve bu senaryolarin tatbikat1 bilgisayar destekli
simiilasyonlar yardimiyla yapilmistir. Elde edilen sonuglar neticesinde en uygun tahliye senaryosu tespit edilmistir.

Anahtar Kelimeler: Yangin, Tahliye, Simiilasyon, Tahliye Planlari, Senaryo
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Abstract

In recent years, because of population growth and economic developments, there has been a significant increase in the number
of Office Buildings in our country. Due to the difficulties and high costs of changing the faulty project of these kind of complex
buildings, the emergency case evacuation scenarios should plan while the building is in project phase. Office buildings should
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also be carefully constructed considering these plans. In addition, evacuation scenarios should be develop and apply depending
on locations and number of the occupant in the building. If the extraction does not start due to a pre-planned scenario, optical
density may be associated with death from asphyxiation. For this reason, current evacuation scenarios should be prepared, fire
drills should be made as much as possible and the most effective evacuation scenario should be determined by using developing
software technology. In this study, six different scenarios were prepared for human and structural evacuation elements and
simulated using an evacuation software. From the simulation results, the most appropriate evacuation scenario was determined.

Keywords: Fire, Evacuation, Simulation, Evacuation Plans, Scenarios

1. GIRiS

Giintimiiz biiro binalarinda farkli yas gruplarinda insanlar
bulunmakta ve acil durumlarda hizli bir sekilde yapilmasi
gereken tahliye kisilerin hareket yetenegi, tahliye egitimi
alip almamalar1 ve tahliye yOnergelerinin yetersiz olmasi
nedeniyle biiylik oranda etkilenmektedir. Binadaki
insanlarin tahliyesinde, acil kacis noktalar: etkin bir sekilde
belirlenmeli ve tahliye i¢in farkli senaryolar planlanarak en
uygun senaryo segilip aksiyon planina eklenmelidir.

Gegerli yonetmelik ve standartlarin belirledigi gereklilikler
ve kurallara uyulmasi durumunda bile ortaya ¢ikacak
sonuglar tam olarak bilinememektedir [1].
Yonetmeliklerdeki maddelerin  ve kurallarin  birebir
uygulandigt birgok degisik bigimde hallerde bile, bina
bosaltim siiresi veya acil ¢ikis genel durumlarini etkileyen
degiskenler dogru olarak degerlendirilememektedir.

Bu sebeple, yonetmelikteki maddelerin birebir uygulanmasi
ile yapilan bir tasarim agamasinda dahi, 6zellikle binay1 isgal
eden kullanicilarin tipinin antropometrik &zelliklerden
kaynaklanan farkliliklar nedeniyle beklenen tahliye
siirelerinde ciddi tutarsizliklar olugmaktadir.

Bu durumda bina yapisi, mobilya yerlesimi, binay1 kullanan
kisilerin antropometrik 0&zelliklerinin ve hatta yangin
dumaninin tahliye olan kisiler iizerindeki etkilerinin de
modellenebildigi bilgisayar yazilimlari sayesinde ¢ok daha
detayh ve dogru tahliye siiresi hesabi yapilabilmektedir. Bu
sayede acil tahliye kosullarini farkli senaryolar ile tatbikat
yapmadan incelemek miimkiin olmakta ve boylece tahliye
simiilasyonlarin yapilmasi 6nem kazanmaktadir.

Bu simiilasyonlarin yapilmasindaki diger 6énemli husus da
biiro binalarinin sabit ¢alisanlar diginda disaridan gelen farkl
Ozellikteki kullanicilar1 da barindirmasidir. Bu sebeple
tahliyede risk faktorii artmakta ve olumsuz bir¢ok etkisi
goriilmektedir [2].

Tiim bu risk etmenleri géz oniinde bulunduruldugunda,
farkli acil tahliye senaryolarmin meydana getirilmesi hem
acil tahliye yoniinden hem de yasam giivenligi 6nlemleri
bakimindan biiyiik 6nem arz etmektedir.

Bu c¢aligmada binalar i¢in hazirlanan acil durum
yonetmelikleri yangindan korunma ve tahliye acisindan
incelenmistir. Ayrica drnek bir biiro binasi i¢in 6 farkl
senaryo kullanilarak tahliye siireleri tespit edilmistir ve elde
edilen bulgular degerlendirilmistir.
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2.Binalarin Korunmas1  Hakkindaki

Yonetmelikler

Yangindan

2015 tarihli binalarin yangindan korunmasi hakkindaki
yonetmelik (BKHY-2015) hizli tahliye i¢in uyulmasi
gereken kurallar1 ve tahliyenin baslamasi i¢in kritik dneme
sahip yangm uyart sistemlerini kullanim kosullarini
icermektedir. Detaylandirilmigs bir yonetmelik olmasina
karsin dinamik yapiya sahip biiro binalar1 igin, bina 6zeline
inilerek daha detayli planlarin  yapilmas: gerektigi
anlagilmaktadir.

2.1. Madde 159 (1)

Binalarin yangindan korunmasi hakkinda yonetmeligin 159.
maddesine gore biiro binalarinda en az 2 bagimsiz kagis
merdiveni veya bagka ¢ikislarin saglanmasi gerekir.

Ancak;
a) Yap1 yiiksekliginin 21.50 m’den az olmasi,
b) Bir kattaki kullanict sayisinin 50 kisiden az olmasi,

¢) Biitiin katlarda en fazla kagis uzakliginin Ek-14’teki
uzakliklara uygun olmasi,

¢) Yapimda yanmaz iirtinler kullanilmig olmasi,

d) imalat ve depolamada kolay alevlenici ve parlayici
maddeler kullanilmamasi, sartlarinin hepsinin birlikte
gerceklesmesi halinde tek kagis merdiveni yeterlidir [3].

2.2. Madde 161 (1), Madde-75, Ek-7

5000 m?’yi gegen tiim biiro binalarinda algilama ve uyar
sistemi uygulanir [3].

Yonetmelik maddelerinde belirtilen tasarim kistaslari ile
biiro binalarindaki kullanicilarin acil durum aninda hizlica ve
karmasaya mahal vermeyecek sekilde akis olustugunu
varsaymak, bu degerlerle acil ¢ikis yolu uzunluklarint ve
bina bosaltim zamanlarini tespit etmek, yangin ve yasam
giivenligini saglayabilmek adma yeterli ve giivenilir
neticeler vermemektedir.

Binalarin Yangindan Korunmasi Hakkindaki Yonetmelik-
2015 ile tayin edilen disiik yangin tehlikesine sahip
mekanlarin kullanim alanlar1 Tablo-1"de agiklanmistir.
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Tablo 1. Diisiik tehlike kullanim alanlari [3]

EK-1/A Diisiik Tehlike Kullanim Alanlari
Diisiik yangin yiikiine sahip,diisiik yanabilirligi olan ve
yangina karsi direnci en az 30 dakika olan 126 m2’den
biiyilik boliimii olmayan mekanlar.Okullar ve diger egitim
kurumlar (belirli alanlar1* ), biirolar (belirli alanlari* ) ,
hapishaneler
* Kullanim alanlari, Ek-1.b ve Ek-1.c kapsamina
girmeyen alanlar.

Tablo 2’de goruldigi gibi (BKHY-2015) ile belirlenen
yangina dayanmim (direng) siireleri, binanin kullanim
siiflarina gore ayrilmaktadir.

Tablo 2. Bina kullanim siniflarina gére yangina dayanim
stireleri [3]

Ek-3/C Bina Kullanim Siniflarina Goére Yangina
Dayanim (Direnc) Siireleri
Yap1 Elemanlarinin Yangina Dayanim
Siireleri (dk.)
Bodrum Giris veya Ust Katlar
= Katlar
= (tstiindeki
= doseme
n §
g dahil)
E, Bodrum Bina Yiiksekligi (m)
;5 Katlarin
5 ?e;mhgl
= m
M
g EY =B85 85,851
o% o%ch) -~ o~ 9 © -~ (q
— -5 S| N E ™ g ™ g4
4. Biiro Binalari
*yagmurl Izin
ama 90 60 | 30 60 90 veril
sistemi mez
yok
*yagmurl
ama 60 60 30 30 60 120
sistemli

BYKHY-2015 Ek5/A’da tamimlanan Biiro Binalarinda,
konferans salonu, mutfaklar, resepsiyon alanlari, bekleme
alanlar1, atrium zemini igin alinmasi gereken kullanici yiikii
katsayilari tablo 3°de verilmistir.
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Tablo 3.Kullanic1 yiikii katsayilari [3]
Ek-5/A Kullamic1 Yiikii Katsayis1 Tablosu

Kullanim Alani M2/kisi
1 | Konferans salonu, ¢cok amagli salonlar 15
(balo vs), lokanta, kantin, bekleme
salonlar1, konser salonlari, sinema ve
tiyatro salonlari, topluma agik stiidyo,
diigiin salonu vb.
2 Dans salonlari, Oturulan kisimlar1 | 1.0
bar, gece igin
kultipleri ve Ayakta durulan 0.5
benzeri yerler kisimlari igin
3 | Sergi alanlari, stiidyolar (film, radyo, 1.5

televizyon, kayit)
4 | Terminallerin yolcu gelip gidip 3
bekleme salonlari

5 | Derslikler, bilgisayar odalari, seminer 15
salonlari

6 | Resepsiyon alanlari, bekleme alanlart, 3
atrium zemini

BYKHY-2015 Ek5/B’de tanimlanan Biiro Binalar1 i¢in tek
yonde ve ¢ift yonde tahliye noktalarina gotiiren en uzun
tahliye noktas1 mesafeleri tablo 4’de goriilmektedir

Tablo 4.Cikislara gotiiren en uzun kagis uzakliklari [3]

Ek-5/B Cikislara Gotiiren En Uzun Kacgis Uzakhiklar:
ve Birim Genislikleri
ER - BN
O~
S °E ) Cikmaz
5 S X | o X | Birim genislik koridor
E | 0% E =~ icin kisi say1s1 en ¢ok
= | X N T N uzaklik(m)
N = =
™ i Kap1 ks _
S E S 7; Agiklikla é = Koridorlar
g 8| 8 8 rinda = 5
o @ o @ a4 g
gzl 2 2z o o d 3
7 T A - > = < <
s E|l 8§ E | Z| 55 249 EY E
g =Sl g 2|4 285 HYg=9 ==
S o 8§ o >l a8 93 <=4d =€
- 2| o 2 c| s 84 28§ 2¢g
Mo -~ +—
3 E| 3 E | & Sl 49 Eg E@
g tb| g ~o8b Z1 82 9 g oy e
518> | 2|22 EFq2
7 s
> > A~ o
g
o=
S5 0oy w S o g g w o
: o~ ™M < N~ — (e} <« g N
o
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Tablo 5’de wverildigi gibi BYKHY-2015 Ek5/B’de
tanimlanan Biiro Binalari i¢in binalarda 6zellikle orta ve
biiylik kapasiteli endiistriyel tesisler ile kullanim alani 5,000
m?’den fazla tim Biiro Tarzi Binalarda yangin algilama
sistemi yapilmasi mecburidir.

Tablo 5. Otomatik algilama sistemi gereken binalar [3]

Ek-7 Otomatik Algilama Sistemi Gereken Binalar
Yap1 Bina
Yiiksek | toplam
ligi kapali
alant
1. Konutlar >51,50 | -
2. Konaklama Amagcli Binalar >6,50 >1000
3. Kurum Egitim Tesisleri >21,50 | >5000
Binalar1 Yatakli Saglik >6,50 >1000
Tesisleri
Avyakta tedavi ve >21,50 | >2000
diger saglik tesisleri
4. Biiro Binalar1 >30,50 | >5000
5.Ticaret Amacli Binalar (1) > 12,50 | >2000
6.Endiistriyel Amach Yapilar (2) | >21,50 | >7500
7.Toplanma Yeme igme >12,50 | >2000
Amagli Binalar Eglence >12,50 | >2000
Miize ve sergi | >6,50 >5000
alanlar1
Terminaller >6,50 | >5000
8. Depolar >6,50 >5000
9. Yiiksek Tehlikeli Yerler >6,50 >1000
Not: Sebze ve meyve halleri, balik halleri, et borsalari,
metal yedek parca bulunan yerler ile benzeri yangin
riski olmayan yerler harig.

Bu tamimlamalar ile yonetmeligin ana hatlar1 belirlenmis
olup, biiro binalarinin dizaym igin kafi kabul gorilmiistir.
Bu donelerin yeterliligi olagan kosullarda sadece acil durum
lahzasinda deney edilebilmektedir [4]. Farkli bina
kullanicilarinin hep beraber oldugu ve planlanan tasarimin
sonuglarinin tecriibe edilmesinin gerceklestirilebilmesi ve
neticelerinin degerlendirilmesi i¢in, tim kullanicilarin
stiratleri, durus agikliklari, yaslar1 gibi pek ¢ok genel husus
dikkate alinarak can ve yangin emniyeti imkanlarini imtihan

eden  Acil Tahliye Simiilasyonlart ~ ehemmiyet
kazanmaktadir.
2. DURUM CALISMASI

Acil hallerde binada bulunan tim insanlarin, binadan
ayrildiklari gergek zamani hesap etmek, can, meta ve yangin
emniyeti i¢in alinan tedbirlerin kiyafetligini smamak igin
kullanilan metot olan simiilasyon, tim diinyada bircok
uygulamasi bulunan ve gittikce daha fazla kullamilmaya
baglanan bir metottur. Yapinin dizayni siiresince kullanilarak
yapilan kiigiik degisiklikler ile ciddi sorunlara yol agabilecek
durumlar1 engelleyebilecek dnlemlerin alinmasinda 6nemli
seviyede katkida  bulunabilmektedir. ~Acil  Tahliye
Simiilasyonlar1, dogru donelerle gergek zamanli bir dizayn
yapmaya imkan temin ettigi gibi, yangin tahliye

544

Academic Platform Journal of Engineering and Science 7-3, 541-549, 2019

tasarimlarinda tolere edilebilen zaman unsuru, insanlarin
toplumsal davramiglar1 ve genel Ozellikleri tasarim
degiskenlerine eklenebilmesini  saglayabilmektedir [5].
Binada bulunan insanlarin davranisglari, binanin kullanim
smifi tahliye planlarinda dogrudan iliskili olup, gz 6ntinde
bulundurulmasi gereken 6nemli bir husustur. Bir binanin
yangin giivenligi yonetmeligi kosullarini saglarken, binanin
icinde bulunan insanlari de binanin bir pargasi olarak
saymak, can, meta ve yangm emniyetini hesaba katarak
tasarimi olusturmak, acil durum aninda karmasay: azaltarak
tahliye zamanini kisaltacaktir. Acil durumda insanlar toplu
devinim halinde bulunurlar [6]. Toplu hareket neticesinde
izdihamin en ¢ok olustugu alanlar, tahliye simiilasyonu ile
belirlenerek, koridor genislikleri ve kapi aralik mesafeleri
arttirtlmalidir.

Bu c¢alismada biiro binasindaki acil tahliye durumu igin
toplamda 6 farkli senaryo diisiiniilerek Pathfinder [7]
simiilasyon programui ile tahliye simiilasyonlart yapilmistir.
Simiilasyon siireleri boyunca tespit edilen, insan hareketleri,
yigilmalart ve toplan tahliye siireleri simiilasyondan elde
edilen gorseller ve tablolar yardimiyla verilmistir. Tablo
6’da  senaryolarm detaylar1  gorilmektedir.  Tahliye
simiilasyonu senaryolarinda farkli ¢ikis kapilart segilmistir.
Bunun nedeni bina igerisinde yanginin ¢iktig1 bolgeye gore
bazi kapilardan tahliyenin miimkiin olamayabileceginin géz
oniline alimmasidir. Bu sebeple tahliye senaryolarinda farkli
kapilardan olan tahliye siirelerinin tespit edilmesi dnemli
oldugu diistiniilmiigtiir. Ayrica kaosun yasandigi tahliye
durumlari, planl ve diizenli tahliye durumlari hatta binada
engelli bireylerin bulundugu ve onlara 6zel olarak hazirlanan
tahliye operasyonu da senaryolara eklenmistir.

Tablo 6. Farkli tahliye senaryolart

SENARYO Aciklama

Kaotik ortamda sadece bina arka acil ¢ikis
kapisinin acik oldugu ve bu ortamda
insanlar siirii  psikolojisi ile hareket
ettikleri durum.

Toplu, bilingli ve diizenli tahliyenin
oldugu ve bina tahliye ekiplerinin gorev
yaptigi durumda sadece bina 6n normal
cikis kapisinin tahliyede kullanilmasi.
Acil durum ekiplerinin yetersiz kaldig:
durumdaki kaos sonucu insanlarin en
yakindaki sag on acil ¢ikig kapisina
gittikleri senaryo.

Kaotik ortam sonucu olusan yigilmalardan
dolay1 ortamdaki insan optik yogunlugu
arttig@1 ve insanlarin birbirini ezme riskinin
oldugu senaryo.

Glinimiiz diinyasinda engelsiz hayatin
farkindaligini arttirmak adina simiilasyon
calismas1 yapilarak eksikliklerde goz
Oniine aliarak yapilan senaryo.

Acil durum ekiplerinin tam olarak goérev
6 yapmasi, acil ¢ikis kapilarinin optimum
diizeyde kullanildig1 senaryo.
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2.1. Simiilasyon Calismasinda Acil Cikis Yolu Belirleme
Kistaslar:

yollarinin ~ kifayetliligi  ve
kistaslar istikametinde

Simiilasyonda, acil c¢ikis
giivenliligi asagidaki
belirlenmektedir:

e Insanlarin bosaltim orani,

e Kagis sirasinda olugsan sira dizisinin mahalleri ve
tesekkiil sebepleri,

e  Siralar ve kuyruklardaki insanlarin kullandig: alanlar,

e  Yapilardaki dar gecisler ve bogazlarin yerleri ve ortaya
¢ikma sebepleri,

e  Siralar/kuyruklardaki insanlarin isgal ettigi yerler [8],

e Yangm merdivenlerinin kullamimindaki eksiklik ve
hatalar,

e Yiiksek sigali yangin merdiveni gereksinimi ve bu
merdivenlere tabiiyet,

e Bekleme ve diizenli olma zamaninda giivenlik (Duman
optik yogunlugun yayiliminin engellenmesi).

Yigilmalarin oldugu yerlerde birbirini engellemeyen, akici
gidis gelis yol hareketinin saglanmasinda asagidaki mimari
tespitlerden faydalanilabilir:

e Kolon, bdlme duvar gibi mimari unsurlardan
yararlanilarak, yayalarin kargasa olugturmadan diizenli
olarak tahliye ¢ikis kapilarina ulasmasini temin etmek,

e Gergek yonlendirmelerle acil ¢ikis imkanlaridaki
tahliye niceliklerini esitlemek,

e Kap1 aydmhgi, Koridorlar, basmcaklar vb. ¢ikis
mahallerinin genisliklerini arttirmak,

e Basincaklara sahanlik yapilarak kullanici
davranigindaki duruslarin tiim hareketi engellemesini
onlemek.

2.2. Simiilasyon Parametreleri ve Ofis Binasinin

Ozellikleri

Kullanilan yazilimda insanlar Steering hareket modu [9] [10]
ile tahliye davranis1 gostermektedirler. Steering modunda
insanlar daha diizenli bir sekilde ¢ikisa dogru ilerlemekte ve
kapilar, gegisler ve ¢ikislar Oniinde yigilmadan tahliye
olmaktadirlar. Yapilan simiilasyon ¢alismasi ofis ortaminda
calisan orta yasli yetigkin insan gurubu i¢in tasarlanmistir.
Bu guruptaki insanlarin ortalama hizl yiirtiylis hizlar1 1.32
m/sn, ortalama omuz genisligi 47.3 cm ve ortalama adim
genislikleri 45.58 cm olarak tespit edilip modele eklenmistir.
Simiilasyon basladigi anda insanlar hareketlerine baslayip
cikisa dogru ilerlemektedirler, yani insanlara herhangi bir
alarm sonrast bekleme siiresi tanimlanmamustir. Her bir
simiilasyon ig¢in, toplam tahliye siirelerinin saglikli bir
sekilde karsilagtirilmasi amaciyla, binada toplam 743 adet
insan tanimlanmustir.

Sekil 1°de tahliye simiilasyonunun uygulandigir bir ofis
binasinin detayli kat planlari, koridor geniglikleri ve kagis
yollar1 verilmistir. Binada bodrum, zemin ve zemin {istiine 4
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adet kat bulunmaktadir ve ortasinda atrium boslugu olacak
sekilde tasarlanmigtir. Bodrum katta yemekhane mekanik
sistemler, depolar ve toplantt odalar1 vardir. Zemin katta ofis
odalar1 ve hizmet odalar1 bulunmaktadir. 1, 2 v 3. katlar
genellikle ofis ve toplanti1 odalarindan olusmakta 4. kat ise
iist yonetimin bulundugu ofisleri barindirmaktadir. Ayrica
binanin uzunlugu 78 m, genisligi 50 m ve yiiksekligi ise 20
m’dir.

, Bina Girig
Jj Yeri
" _} ©c0oooooo
7_ Zemin Kat ofie
— : I_'T
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2.3. Simiilasyon Sonuclari

Sekil 2’de senaryo 1’¢ gore bina igerisinde farkl
antropometrik &zelliklere sahip kullanicilar igin kaotik
ortamin simiilasyonu yapildigi senaryo goriilmektedir. Acil
cikisin sadece arka acil ¢ikis kapisina ydnlendirilerek
yapildig1 fakat koridorlardaki ve arka acil ¢ikis kapisinda acil
durum tahliye ekiplerinin gorevini tam olarak yerine
getirmemesi sonucu ortaya ¢ikan kargasa gozlemlenmistir.
Bu senaryoya gore tahliye siiresinin uzun olmasi sonucu
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dumandan etkilenmelerin yogun olacagi dngoriilmektedir. Exited:  2/143
Ayrica ekiplerin kargasa ortaminda serinkanli olmasi
gerektigi anlagilmaktadir ve yiiksek Kkapasiteli yangin
basincagi ihtiyaci gézlemlenmistir.

Exited: 2/743

38
Exi ted: 100/743

Exited: 37/743

84,7
Exited: 155/743

q4il

Exited: 573/743

4036 690
Sekil 2 Arka Acil Cikistan Tahliye, Senaryo 1. Sekil 3 On Normal Cikis Kapist Tahliye, Senaryo 2
Sekil 3 ‘de senaryo 2’ye gore bina igerisinde calisanlar Sekil 4’de senaryo 3’e¢ gore kaos ortaminda kullanicilarin
haricinde bina daimi kullanicilar1 olmayan digaridan gelen psikolojisi, davrans bigimleri, toksisite, optik yogunluk ve
insanlarin  optik yogunluga etkisi sonucunda karmasa tahliye ekiplerinin yetersiz kalmasi gibi durumlar g6z 6niine
goriilmektedir. Tahliye ekiplerinin insanlar1 basarili bir alinarak simiilasyonda insanlari en yakindaki Sag On_ Acil
sekilde yonlendirmesi ve bina i¢indeki acil ¢ikis Cikis Kapisina dogru yonelmeleri saglanmugtir. Neticede
yonlendirme panellerinin de etkisi herkesin On Normal Cikis sikigiklik, yigilmalar ve dumana maruz kalmalar sonucu
Kapisia yonlendirilmesi ile olusan durum irdelenmistir. kullanicilarin hareket-lerinde ya\{aslar_nalar gozlemlenmis,
Kapmin genisligi sayesinde tahliye siiresi olumlu yonde tahliye siiresi 6 dakika 21 saniye ile optimum siirenin
etkilenmistir. tizerinde ¢ikmistir.
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Exited: 0/743

nn
u,u

? Exited: 10/743
ST WS S R W

(41

Exited: 400/743

Sekil 4 Sag On Acil Cikis Kapist Tahliye, Senaryo 3

Sekil 5°de senaryo 4’e gore Sol Yan Acil Cikis Kapisi
Tahliyesinde kullanicilarin  davranis se¢imleri, duman
icindeki  gorilinebilirlik,  kullanicilarin  antropometrik
ozellikleri ve yigilmalar sonucu insanlarin birbirini
sikistirdiklar1 tahliye siiresini uzattiklari, bu da ortamdaki
optik yogunlugun insanlarin sagligina zarar verdigi
gozlemlenmistir. Ayrica simiilasyon, yangin tehdidi altinda
bulunana kisilerin tepkilerini ve davranislarini etkileyen
faktorlerin tutarli bir sekilde anlasilmasini, giivenilir
metodolojilerin uygulanmasina olanak saglayabilmektedir.
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Exited: 0/743

nn
uu

Exited: 42/743

v

Sekil 5 Sol Yan Acil Cikis

Kapisi Tahliye, Senaryo 4.

Sekil 6’de senaryo 5’e¢ gore giinimizde tahliyeler
tasarlanirken daha fazla dikkat edilmeye baglanan
diinyasinda ENGELSIZ hayatin farkindaligi arttirmak adina
ve dezavantajli insanlarin hayatlarini kolaylastirmak icin bir
simiilasyon  c¢aligilmast  yapilmis  ve  eksiklikler
gozlemlenerek  tahliyede  engelsiz  hayat  durumu
irdelenmistir. Bu simiilasyona gore sar1 daire i¢ine alinan
dezavantaja sahip bir kisi bulundugu kattaki yangina ve
duman sizintisina dayanikli bir odaya giderek beklemektedir.
Binadaki normal tahliye sona erince egitimli ve yetkili bir
ekip bu odaya giderek bu kisiyi binadan ¢ikartmaktadir. Bu
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durumda toplam tahliye siiresi 10 dakika 50 saniye olarak Exited: 0/743
tespit edilmistir.

Exited: 0/743

n
o,

Exited: 40/743 Density
(oces/m'2)

LS
(Queuing)

Sekil 6 Engelsiz Hayat Tahliye Simiilasyonu, Senaryo 5.

M

Sekil 7°da senaryo 6’ya gore yapilan 6rnekte, BYKHY-2015 —
Tim Cikis Kapilar: Tahliye, Senaryo 6.

Madde 126 da belirtilen egitimli tahliye ekiplerinin 4 farkli Sekil 7
acil c¢ikig kapisina optimum yogunlugu saglayacak sekilde
yonlendirmesi ile yogunluk olusumunu ve kaosu 6nledikleri

gorlilmektedir. Neticede diizenli tahliye ile 3 dakikanin Tablo 7. Senaryolarin Tahliye Siireleri

altinda tahliye gerceklestigi goriilmuistiir. SENARYO | Tabhliye Siiresi CIKIS YERI KAPISI
1 8 DK. 48 SN ARKA ACIL CIKIS

Tablo 7°da tiim senaryolar sonucunda ortaya ¢ikan toplam KAPISI

tahliye siireleri verilmistir. Buna gore senaryo 4’te sadece tek 2 3 DK. 13 SN (?N GENIS CIKIS KAPISI

bir acil ¢ikis kapisi tahliyesinde toplam siire 11 dakika 35 3 6 DK. 21 SN ON ACIL CIKIS KAPISI

saniye iken, senaryo 6 de tiim acil ¢ikig kapilarinin efektif 4 11 DK.35 SN SoL YAN CIKIS KAPISI

kullanimi sonucu toplam siire 2 dakika 53 saniye gibi S 10 DK.50 SN ENGELSIZ HAYAT

oldukg¢a diisiik bir siireye indirilebilmistir. Engelsiz hayat 6 2 DK. 53 SN TUM CIKISLAR

senaryosunda siire fazla goziikse se siireyi arttiran nedenin

engelli Kisiyi bulundugu giivenli odadan almak igin yapilan 3. SONUCLAR

operasyon oldugu belirtilmelidir.
Bu ¢alismada bir biiro binast mimari tasarimi dikkate
alinarak acil durum aninda tahliyenin ne sekilde yapilacagini
idrak etmek, kac1s yollarinda kagisa mani herhangi bir faktor
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olup olmadigim denetlemek, kagis yollarinda iyilestirme
tedbirlerinin gerekip gerekmedigine karar vermek igin 6 adet
farkli senaryo ile tahliye simiilasyonlart yapilmistir.
Simiilasyonu yapilan senaryolardan elde edilen sonuglar
asagida maddeler halinde degerlendirilmistir.

e Tim senaryo calismalart icerisinde tiim kapilardan
tahliyenin gerceklestigi 6. senaryoda kullanicilar binay1
en kisa siirede terk etmislerdir. Fakat her hangi bir yangin
aninda kullanicillarin  tiim  kapilara ulasabilmeleri
miimkiin olmayabilecegi de dikkate alinmalidir.

e  Yangm aninda kullanicilarin sadece bir acil ¢ikis kapisini
kullandig1 diistiniilerek yapilan simiilasyonlarda on acil
cikis kapisindan yapilacak tahliyenin digerlerine gore
daha kisa stirede gergeklesecegi anlagilmistir.

e Binada en uzun tahliye arka acil c¢ikis kapisinin
kullanildigi ve tahliyenin yaklasik olarak 9 dakika
stirdiigli senaryodur. Bu siire, yangin anindaki tahliyede
kullanicilarin herhangi bir zarar gérmeden binay1 terk
etmeleri igin oldukga uzundur.

e Binada dezavantajli bir bireyin oldugu varsayilarak
yapilan senaryoda toplam tahliye siiresi yaklasik 11
dakika strmiistir. Bu senaryoda dezavantajli birey
giivenli bir odada itfaiye personelini beklemis ve daha
sonra onunla birlikte binay1 terk etmistir. Bu tip binalarda
engellilerin giivenli bir sekilde bekleyebilecegi odalarin
hazirlanmasinin 6nemi géz dniine alinmalidir.

TESEKKUR
Bu c¢alisma Sakarya Universitesi Bilimsel Arastirma

Projeleri Koordinatorliigii tarafindan 2017-01-06-026 nolu
proje kapsaminda yapilmistir.
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This manuscript describes how the weight of a simply supported composite plate-strip (containing twin circular inclusions)
affects its dynamic behaviors when exposed to bending load as analyzed via the finite element method (FEM). The centers of
the twin circular inclusions are on a line parallel to the free surface, and the materials of both inclusions are the same. First, the
effects of body forces (the plate-strip’s own weight) and surface forces (pre-stretching load) on the plate-strip (both are
considered to be initial stresses) are identified using the classical linear theory of elasticity. Next, the consequences of these
stressors (identified in the first step) under additional time harmonic bending load on the forced vibration around the inclusions
are determined using the three-dimensional linearized theory of elasticity (TDLTE) under the plane-strain state. The data herein
suggest that the plate-strip’s weight can significantly effect dynamic characteristics of the considered plate-strip.

Keywords: initial stress, own weight, circular inclusions, forced vibration, fundamental frequency

1. INTRODUCTION

The presence of inhomogeneities or defects (e.g., inclusions
and holes) in structures affects their mechanical and physical
properties, resulting in unwanted strain or stress. It is very
important, however, that these strains and stresses remain
within defined limits for the structure’s security. Several
studies have been conducted on the stresses and strains
caused by inclusions (Mura [1], Mura et al. [2] and Zhou et
al. [3]). Hufenbach and Zhou [4] developed a solution
method for the anisotropic elastic host; this was obtained via
engineering mechanics with the boundary collocation
technique. In this solution method, all of the stresses and
displacements were calculated under the assumption that
corresponding displacements and stresses of the constituents
of the plate are equal on the contact surfaces, linear elasticity,
and a plane strain state. Huang [5] utilized the Mori-Tanaka
mean-field method to determine the effect of fiber aspect
ratio on the effective elastic modulus of composites.

Detailed studies have reported the effect of initial stretching
on a plate with twin inclusions on forced vibration analysis
in Babuscu Yesil [6] and Akbarov [7]. However, these
previous studies did not take into account the object’s weight,
and therefore, all structures (both heavy and light) were
considered equal. However, in order to have a safe structure,
the structure’s weight must be taken into account. Some
studies have identified the structure’s weight as the ‘dead

load.” Dead loads are modelled as loads that are unchanging,
and are thought to play a key role in structural collapse [8-
11]. Therefore, researchers must take into account the
influence of dead loads in order to obtain better results and
more stable structures. Previous studies [8-11] that
performed dynamic analyses on plates and beams with an
approximate closed-form solution of the structures took the
influence of dead loads into account. The effect of the weight
of a pre-stretched plate-strip containing a circle-shaped hole
on static analysis were studied in Babuscu Yesil [12]. Other
studies analyzed the effect of dead load on the dynamic
behaviors of beams Zhou and Zhu [13] and plates Zhou [14]
using the concept of load-induced stiffness matrix via the
finite-element

method.

The current study describes the effect of its own weight on a
plate-strip containing twin circle shaped inclusions on
dynamic analyses under uniformly distributed time harmonic
bending forces. The plate-strip includes twin circular
inclusions whose centers are on a line parallel to the free
surface and made from the same materials. The harmonic
bending forces were applied to the top of the pre-stretched
plate-strip. The problem is modelled via TDLTE in the plane-
strain state, and the problem is numerically solved via the
FEM. Based on a literature search, this is the first attempt to
introduce the effect of own weight of a structure containing
inclusions on dynamic analysis.

*1Corresponding Author: Yildiz Technical University, Faculty of Chemical and Metallurgical Engineering, Department of Mathematical
Engineering, Istanbul, Turkey, ubabuscu@yildiz.edu.tr, (+90) 212 383 4606

Doi: 10.21541/apjes.488483
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2. PROBLEM FORMULATION
COMPUTATIONAL TECHNIQUE

AND

Considering that the plate-strip’s own weight (intensity f)
and uniaxial stretching forces (intensity q) act together, there
were two forces being applied to the plate-strip in the
reference (initial) state. The effect between the stretching
force and the body force on the distribution of stresses,
strains, and displacements of the plate-strip were determined
with the classical linear theory of elasticity using the
superposition principle.

The effect of the simply supported plate-strip’s own weight
on the dynamic characteristics at its ends (i.e., x; = 0 and
x; = L) was analyzed by the finite element method.
Uniformly distributed normal stretching forces of intensity q
act on the plate-strip’s ends, and body forces of intensity fact
on the plate-strip in its initial state. Moreover, there is no
force applied on the plate-strip inside the inclusions, and
additional uniformly distributed dynamic (time harmonic)
normal forces of amplitude p (K q and (K f) work on the
top of the plate-strip (Fig. 1). The radius of the inclusions is
denoted as ‘R,’ the width of the plate-strip as ‘L,” and the
height of the plate-strip as ‘H’.

The problem can be solved in two parts as follows: 1) the
initial (reference) part, and 2) the perturbed part. In the initial
part, the plate-strip’s displacement and stress distributions
are analyzed using the effect between the uniformly
distributed uniaxial stretching force and body force. These
are initial values, and the quantities of the reference part will
be denoted by the superscript (0). During the second
(perturbed) part, the results of the first part will be
considered, and then displacement and stress distributions
will be determined for the pre-stressed plate-strip using
uniformly distributed dynamic bending forces.

Fig. 1 reveals a sketch of the plate-strip containing twin
circular inclusions and associate with this plate-strip the
Cartesian coordinate system Ox;X,; the Ox5 axis is directed
normally along the Ox;x, plane.

k pelat
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Fig. 1. Plate-strip containing twin circular inclusions.
The mathematical formulations of the considered boundary
value problems for both parts are given below:

For initial (Reference) Part:
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All of the recurring indices (i,j,k=1,2) are added up

throughout their ranges utilizing the following code: o;

ij=

stress, &;- strain and u;- displacement tensors. k=1 (k=2)
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denotes the related values of the matrix’s (inclusions’)
materials, f;- refers to the constituent of the density of the
body force, p refers to the mass density of the material in the
plate-strip, g refers to the gravitational acceleration and 8’i—
refers to the Kronecker symbol. I (Ig)- denotes the contour
of the left (right) inclusion determined by Eq. (11), the Lame
constants are denoted by A, and , t indicates time, and
n; refers to the constituents of the unit normal vector that is
applied to the outline of the inclusions.

I, = {><1,x2|(x1 — (Lg +R)* + (x, — (H, + R))* = RZ} .
I = {><1,x2 (5= (L= W+ R)) + (x, = (Hy + R)) = }

In the forced vibration problem, inhomogeneous part of the
boundary condition at x, = His pe!®t and here p is constant.
The perturbed part solution is formulated by Egs. (6)-(10),
and the solutions are determined by the following:

{Gijr Eijp ui} = {Eij! Eij! ﬁl}exp(lwt) (12)
where Gy, €; and U; indicate amplitudes. Eq. (12) can be
applied to the motion Eq. (6), and after some manipulations,
the equation below was developed in order to relate
amplitudes:

i 6:1.‘+cr(0)ka ¥ + pw ﬁk=0 (13)
ox;\ ! ) &

Egs. (7)-(8) as well as the boundary and contact conditions
(with the exception of x, = H) are similarly fulfilled for the
matching amplitudes. However, the x, = H conditions need
to be replaced as shown below:

o'
=1 (0),1 i
(Gji + Gin a_Xn> Ilj

Lastly, the perturbed part of the boundary value problem is
represented with the Egs. (13), (7-10), and (14).

= pé} (14)

x,=H
x1€[0,L]

3. PROCESS OF ARRIVING AT A SOLUTION

The numerical solution to the above problems will be
determined using the FEM method. For this purpose,
according to Akbarov (2013), Guz (1999) and (2004), the
following functional will be used;

For the initial part of the boundary value problem:

no = ff (01 (0)1dxldx2

ff (o)z (O)deldx2+ ff 0(0)2 (O)ZdX dx, - (15)

ff ulfdx, dx, — fqu§°)1| _de +J.qu(0)1|X L
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and for the perturbed part of the boundary value problem:

ff( i %, +pw u; u]>dx1dx2+

—ffv ( o +pu)2 21 2)d><1d><2

a2 (16)
—ffv ( i o — + P2 )d><1d><2
L
-1
fpu2 |X2:de
0
where
K K (o)kaﬁ‘k
T = g% 4 g —L n; k;i;j=1,2 (17)

ij ij in axn :

and V', V;, and Vg show the domains of solutions specified by
Eqgs.18

V’ = V/(VL U VR)

V=V,UVL U VR={OSX1$L,0 SngH;_OOSX3SOO}

Vi = {xuxal(x = (Lg +R))” + (x, = (HL+R))” <R?}

Vg = {xl,le (- (L— g+ R)))2 +(xp— (H +R) < RZ} (18)

In Eq. (17), ci(jo) is defined as the constituents of the initial

stresses that were calculated from the boundary value
problem of the initial part. Modeling via FEM for the initial
part (perturbed part) of the boundary value problem is
performed using the following equation:

Plate-strip’s geometry and boundary conditions with respect
to the planes x; = L/2, only the subdomain V= {0 < x; <
L/2,0 < x, < H} which has been divided into a finite
number of elements is taken into consideration, i.e., domain
V is presented as V = UM, V,, and V, represents the area of
the n™ finite element and selected as curved triangular finite
elements with 6 nodes (including the surrounding area of the
inclusions and the inclusions domains) and biquadratic
quadrilateral Lagrangian elements with 9 nodes (for the
domain not included with the triangular elements) (Figs. 2a
and 2b) [6], [18].
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Fig. 2. (b) The configuration of various rectangular and
triangular defined nodal elements.

The displacement-based formulation is used for the FEM
modeling. The displacements in the defined elements’
selected nodes are determined by employing the standard
Ritz technique, which has been detailed in many references
[17]. n™® FE displacement functions were chosen as follows:

For the initial part:

u©@kn ~ Nkng©kn (19)
For the perturbed part:
wkn ~ Nkngkn (20)
In Egs. (19) and (20),
(a(o),k,n)T _ {ugol).k,n’ u;ol).k,n’ g(;).k,n, gg).k.n} Q1)
(@*)" = fuff", g, . ufe”, ufeh) (22)
kn Jkn
Wl e T e e
k=12

In Egs. (21)-(23), the subscript s is taken 6 (9) for a triangular
(rectangular) finite element; the superscript ‘n’ indicates
defined elements V,; while N®" are the shape functions
defined at the nodes as biquadratic polynomial Lagrange
shape functions for a quadrilateral defined element and
second order polynomials for a triangular finite element
whose unknown coefficients were determined using the
following equation [17]:
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Ni(le;XZj) = 811' (24)

Substituting Egs. (19) and (20) in the functionals (15) and
(16) respectively, gives an algebraic equation system as
given below:

For initial part,

K©a© = r© (25)

For perturbed part,

(K] - w?[MDa=r (26)

K and K© indicate the matrices of stiffness, M indicates the
mass matrix, a and a® indicate unknown nodal
displacements, and r and r(® indicate the force vectors.

The algebraic equations given in Egs. (25) and (26) are
solved to determine the displacement values at each node.
Solving the equation for the perturbed part requires the
distribution values of the stresses from the initial part,
because Eq. (26) includes the initial part’s stress values. They
are obtained by solving Eq. (25) and then by using Hooke’s
Law.

Eq. (25) allows the determination of the displacement values
at the nodes of the plate that subjected a static initial forces.
Eq. (26) allows for the determination of the amplitudes of the
displacement values at the nodes of the plate that was
subjected to forced vibration; these values result from time-
harmonic forces that act on the top of the plate-strip. On the
other hand, the fundamental frequencies can be calculated
from the following equation:

det|lK — w?M| =0 27

For this study, it is important to note that the study’s author
composed all of the computer programs used for the
numerical calculations (using package FTN77). For both of
the boundary value problems, the arrangements and meshing
of finite elements are similar. To calculate the values for the
definite integrals, the Gauss Quadrature method was
employed, and included 10 sample points. For ease, and so
that the numerical values around the circular inclusions could
be better understood, the cylindrical coordinate system
(Or6x3) was used to determine the stress values [12]).

4. NUMERICAL RESULTS

All of the numerical calculations in this study consider the
fact that the plate-strip is composed of two isotropic
materials (i.e., those making up the inclusions and the
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matrix). The ideal contact conditions on the boundaries of
these materials were satisfied. Lower index 1 refers to the
matrix materials, while lower index 2 refers to the inclusion
materials.

The number of finite elements from the numerical results’
convergence conditions was determined. To test the mesh
sensitivity, Tables 1-2 were used. The parameters N, and N,
indicate the number of quadrilateral finite elements along
axes 0x; and Ox,, respectively.

Tables 1-2 show the first fundamental frequencies (i.e., wZ. ;)
for several N; and N,, respectively, under the following

Table 1. Fundamental frequencies (w?.

Academic Platform Journal of Engineering and Science 7-3, 550-562, 2019

conditions: R/L = 0.00625,f = 0.04, E,/E; =1, q/E, =
0 and H/L = 0.075. Tables 1-2 reveal that the first
fundamental frequencies increase with increasing values of
parameters N, and N,; however, it should be noted that these
values only increase until they reach a certain limit. The
results indicate that the mesh sensitivity used to determine
the numerical solution is reliable. For the current model, the
numerical results utilized 956 rectangular finite elements,
with N; = 80 and N, = 12. FEM modeling was used, and
the numerical results utilized 956 quadrilateral finite
elements, 16 curvilinear triangular finite elements, 4041
nodes and 8032 number degrees of freedom NDOFs (Fig. 2).

) calculated with various values of N; for N, = 12.

40 50 60

70

80 85 90 100

0.0333 | 0.0337 | 0.0339

0.0339

0.0340 | 0.0340 | 0.0340 | 0.0340

Table 2. Fundamental frequencies (w?.;) calculated with

various values of N, for N;=80.

N, 6 8

10

12 14 16

2
cr.l

w 0.0337 | 0.0338

0.0339

0.0340 | 0.0340 | 0.0340

To verify the validation of the current results, the plate-strip
with two inclusions can be considered as a whole plate-strip
by taking the elastic constants E, /E; = 1. The results for the
stresses on the upper face of the plate-strip for 4 separate
states were compared.

State 1: The plate-strip undergoes only its own weight
(density f),

State 2: The plate-strip undergoes an uniformly
distributed dynamic bending load (intensity correlates with
the plate-strip’s own weight) that is applied on the top of the
plate-strip,

State 3: The modified case of State 2

The modified case is obtained by taking p = pgh in State
2 (Timoshenko and Goodier (1970)) and adding the stresses

011 = 0,05, = pgy, T, = 0.

State 4: Analytical solution for a plate-strip without any
defects [19].

FEM was used to calculate the solutions of the first three
states.

The graphs in Figs. 3 and 4 show o,,/p and 0,,/p on the
top of the plate-strip for all four states. These graphs indicate
that the four solutions converge in the appropriate cases, and
the results of the present work are consistent with those of
the analytical solution [19].
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Fig. 3. Comparing 6,,/p atx, = H obtained for all four
states for the whole plate-strip.
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Fig. 4. Comparing 6,,/p atx, = H obtained for all
four states for the whole plate-strip.

Table 3 shows the first fundamental frequencies of a plate-
strip that does not have inclusions for several fand q/E;. As
f decreases, the fundamental frequencies increase
significantly. The first fundamental frequencies are close to
the asymptotic values obtained for the plate-strip with
neglected own weight. This approximation indicates that the
programs and algorithms proposed by the author of the
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current study are valid.

Table 3. The values of fundamental frequencies (w?.;) for several values of fand q/E; under E,/E; = 1.

q/Eq
f -0.003 | -0.001 0 0.001 | 0.003 | 0.005
0.04 0.0116 | 0.0265 | 0.0340 | 0.0415 | 0.0564 | 0.0714
0.03 0.0128 | 0.0277 | 0.0352 | 0.0427 | 0.0576 | 0.0726
0.02 0.0136 | 0.0286 | 0.0361 | 0.0436 | 0.0585 | 0.0735
0.01 0.0142 | 0.0291 | 0.0366 | 0.0441 | 0.0590 | 0.0740
0 0.0144 | 0.0293 | 0.0368 | 0.0443 | 0.0592 | 0.0742
[6] - - 0.0368 | 0.0443 | 0.0592 | 0.0742
Table 4 indicates |q..|/E; at several f and ®? under E, /E; =
5 and d/R=6. The values of |q.,|/E; are calculated with the The critical values of compressive force |qcrl/E;
initial imperfection criterion as follows: decrease with increasing values of f and ®2.
u,21|X1=L/2 — 00asq = qer-
Xo=H
Table 4. The values of |q..|/E; at several f and @? under E,/E; = 5 and d/R=6.
f (T)Z |qcr|/E1
0 0 0.00492
0.01 0.00360
0.02 0.00225
0.01 0 0.00489
0.01 0.00356
0.02 0.00222
0.02 0 0.00482
0.01 0.00349
0.02 0.00215
0.04 0 0.00454
0.01 0.00321
0.02 0.00187
Table 5 indicate interactions between inclusions (i.e., d/R) 0.075, unless otherwise noted. The numerical results shown
using the values of ogg/p for @? = 0.02 where ®2 in Table 5 indicate that the absolute values of the stresses
introduces the dimensionless frequency @? = w?pL/A,, decline with q/E;, and when the effect of the plate-strip’s
(< wZ.1) (Ayy = A + 2py). The values of the upper number own weight is taken into consideration, the values of the
(lower number) of the ratios indicates the values of the stresses are more significantly affected by the change in d/R.

stresses under =0 (f=0.04). To obtain numerical results, it is
assumed that v() = v® = 0.3, R/L = 0.00625 and H/L =
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Table 5. The values of stresses 0gg/p ( 0go/Plf=0/08/Pl¢=0.04) are calculated for several d/R and q/E; values in defined
angles around the circular inclusion under E,/E; =5 and &2 = 0.02.

q/E; | O d/R
36 20 12 6 2 1

0 -8.2393 —8.4748 —8.5254 -8.5246 —8.4944 -8.5420
0 —589.2347 | -187.9667 | —172.4904 | -167.9380 | -155.5693 | —155.4949
/4 21.1525 27.2975 29.2177 30.1335 30.1929 29.4676
—254.1220 | -73.4935 —66.1381 | —63.4337 -55.1924 | -56.0394
/2 -30.4678 -35.3926 -36.8151 | -37.4120 -37.5110 -37.1173
-127.0534 | -71.4854 | —71.0687 —71.6472 —73.1866 —74.5316
3m/4 | 49.2407 59.7899 62.8024 64.0405 64.0202 63.0882
160.4307 28.4763 6.9557 —7.3569 —6.6766 -3.6923
0 -7.0307 —7.0890 -7.1008 ~7.0929 —7.0847 —7.1345
0.005 -47.8312 —48.4199 —49.0550 —48.8506 -45.8201 —46.0348
/4 25702 4.2471 4.7545 4.9969 4.9960 4.7518
-23.0730 -21.4255 | —21.1950 -20.8336 -18.6968 | —19.2549
/2 -13.0105 | -14.3296 ~-14.6993 | —14.8530 -14.8811 | -14.7684
-14.3101 | -20.4768 —22.1351 | —22.7564 —23.2693 | —23.6297
3m/4 | 11.1749 14.0129 14.8001 15.1232 15.1108 14.8244
4.6482 1.5025 —2.5472 -5.9610 -5.8166 -5.3257

Tro/P 5

The effect of the plate-strip’s own weight, i.e., f, on the 100 %

stresses (a) o../p, (b) T.¢/p and (c)oge/p around the
inclusions (in Fig. 5) and displacements (a) u,/L and
(b) ug/L around the inclusions (in Fig. 6) and displacements
(a)u; /L and (b) u, /L on the plate-strip’s upper face (in Fig. 0
7) are presented in Figs. 5-6 and 7, respectively for which
E,/E; =5, ®% = 0.02 and d/R=6. In these figures, not only
are the graphs presented related to the case where the value
ofthe dimensionless pre-stretching load differ from zero, i.e.,

| N O N O Y I |

-100 —
— mfo
— (21001

— g/E+=0.005

q/E; = 0.005 (solid lines), but the graphs are also related < @bt
to the case where the value of the dimensionless pre- s0p ] e HER0 0
itretching load is equal to zero, i.e., q/E; = 0 (dashed 0 R 'm..lzl ’ '; T '37:.,2' : lzln
ines). (b)

100

200

100

Lt

-100
-100

(1) =0
(2) f=0.01

V—m %L

200 4 50

TN O T T A

Lyl

(2) f=0.01 i e - =0.02 A
(3) ’::11 —q/E=0.005 LY. 200 S}: "‘ ;) 1i =—q/E4=0.005
:i: oo “ttQE4=0 v 0 (5) =004 -+-qlE4=0 0
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0 /2 T 3n/2 21 0 /2 T 3n/2 2n
(a) (©

Fig. 5. Effect of fon (a) 0,../p, (b) T.¢/p and (c) oge/p
around the inclusions at r=R.
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Figs. 5 indicate that the absolute values of stresses ogg/p
increase with density of own weight f, while the absolute
values of stresses 6,./p and 1.¢/p decrease with density of
own weight at 0€(0, ), but increase at Oe(, 2m) around the
inclusions. Figs. 6 indicate that the absolute values of the
displacements u,./L and ug/L increase with density of own
weight at 0e(0, 1), but decrease at Oe(m, 2m) around the
inclusions. 8€(0, ) and 0e(T, 21) represent the areas closer
to the inclusions upper and lower plane, respectively.

Results for all the stresses and displacements achieved for
pre-stretching load i.e. q/E; # 0 are less than the values for

q/E; =0.

u,/L

(1) f=0
(2) f=0.01
@ron —gE 0005

(5) =001 """ Q/E4=0

9 Rl
M T T T T T T T T T T T T 1T
0 72 T 3n/2 2n

(a)
uy/L
49 T
2: 3 :
0

(1) f=0

L I

(2) i=0.01 )
@00 L Se —glE=0.005
(5) f=0.04 . *+*q/E4=0 0
-4 rrrrrrrrrrrrrrirnrid
0 w2 T 3n/2 2n
(b)

Fig. 6. Effect of fon (a) u,/L and (b) ug/L around the
inclusions at r=R.

Fig. 7 indicate that the displacements’ absolute values are
higher monotonically in cases of higher f on the plate-strip’s
upper face.
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Fig. 7. Effect of fon (a) u; /L and (b)u,/L atx, =H
along the Ox; axis.
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The following figures present graphs in which the plate-
strip’s own weight density is equal to 0.04 (solid lines), and
those in which the plate-strip’s own weight is neglected i.e.,
f=0 (dashed lines). The graphs presented in Figs. 8 and 9
examine the effect of dimensionless frequencies @? on the
stresses (a) o../p, (b) T.9/p and (c) oge/p (in Fig. 8) and
displacements (a) u,./L and (b) ug /L (in Fig. 9), respectively,
around the inclusions at =R, for which, E, /E; = 5, d/R=6
and q/E, = 0.005. The graphs indicate that both the
absolute values of stresses (in Fig. 8) and the displacements
(in Fig. 9) around the inclusions increase with increasing @?2.
The stress and displacement values are not symmetrical with
respect to 7 if the plate-strip’s own weight is taken into
account; however, they are symmetrical with respect to m if
the plate-strip’s own weight is neglected.
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Fig. 8. Effect of @2 on (a) o,,/p, (b) T,¢/p and (c) oge/p

around inclusions at r=R.
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Fig. 9. Effect of ®? on (a) u,/L and (b) ug/L around the
inclusions at r=R.

<

The graphs presented in Fig. 10 can be used to examine the
effect of dimensionless frequencies @? on the values of
(a) u; /L and (b) u, /L, respectively, on the plate-strip’s upper
face, for which, E,/E; = 5, d/R=6 and q/E, = 0.005. The
graphs indicate that the displacement’s absolute values
increase with increasing @? and that the differences between
the values obtained at f=0 and £=0.04 also increase with ®2.
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Fig. 10. Effect of &2 on (a) u; /L and (b) u,/L at x, = H Fig. 11. Effect of q/E, on (a) o,¢/p, (b) Tre/p and
along the Ox; axis. (c) ogp/p around inclusions at r=R.
The graphs presented in Figs. 11 and 12 examine the
effect of pre-stretching load q/E, on the stresses (a) 6,./p, 5 s
(b) T,9/p and (c) ogg/p (in Fig. 11) and displacements (a) % et —end
u./L and (b)ug/L (in Fig. 12), respectively, for which (8)GE, 0015 -~ =0
E,/E; =5, ®? = 0.02 and d/R=6. Results indicate that the 3
absolute values of displacements and stresses decrease
significantly with pre-stretching load, i.e., q/E; and this 2
effe?ct is greater when considering the plate-strip’s own ;
weight.
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Fig. 12. Effect of q/E; on (a) u./L and (b) ug/L around
inclusions at r=R.
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The graphs presented in Fig. 13 examine the effect of q/E;
on the displacements (a)u,/L and (b) u,/L, respectively,
along the Ox; axes on the plate-strip’s upper face, under the
conditions E, /E; = 5, ®? = 0.02 and d/R=6, for both cases
of f. The graphs indicate that the absolute values of
displacements u, /L and u, /L, decrease with q/E,, and the
differences between the values obtained at =0 and =0.04
decrease with q/E;.

120 /L
~ (1) 9/E,=0.000
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-1 (5) G/E =0,015
80
40
0 —
. 100x,/L
rrrrrrrerrrrrrrrrrrreren
0 10 20 30 40 50
(a)
u,/L
0

-200

-400

-600 —f=0.04

iyt

o B VLR " .
(1) /E,=0.000
-800 (2) gIE,=0.001

(3) 9/E,=0.005

(4) g/E,=0.010
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-1000 tTrrrrrrrrrrrrrrrrrererel :
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(b)
Fig. 13. Effect of q/E; on (a) u; /L and (b) u,/L atx, =

H.

The graphs presented in Fig. 14 indicate the effect of E, /E;
on the stresses (a) o,./p, (b) T.¢/p and (c) ogg/p for which
q/E; = 0.005, ®? = 0.02 and d/R=6. Results indicate that
change of E,/E, affects the absolute values of the stresses
around the inclusions significantly. The absolute values of all
the stresses around the inclusion increase with E,/E;.
Although the absolute values of stresses obtained for f =0
are greater than those obtained for f= 0.04 at 0¢(0, ), the
values obtained for f= 0.04 are greater than those obtained
for f=0 at Oe(m, 2m).
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Fig. 14. Effect of E, /E; on (a) o,./p, (b) T¢/p and
(c) ogg/p around inclusions at r=R.

The graphs presented in Figs. 15 and 16 examine the effect
of the varied upward replacement of the inclusions positions
(i.e., effect of parameter Hy/R) on the stresses (a) o../p,
(b) t.9/p and (c) ogg/p (in Fig. 15) and displacements (a)
u./L and (b)ug/L (in Fig. 16) respectively, for which
E,/E; =5, ®% = 0.02, d/R=6 and q/E; = 0.005. Results
indicate that the absolute values of displacements and
stresses increase significantly with lower Hy /R for =0 and
=0.04.
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1 &rmes i 5. CONCLUSIONS
_| @ HR=3
(4) HiR=2 . . . . .
100 This study aimed to identify the effects of own weight of a
N plate-strip containing twin circular inclusions to dynamic
= ) analyses under bending conditions. Centers of inclusions are
& on a line parallel to the free surface and made from the same
- materials. The effects of body forces (own weight) and
7 surface forces (pre-stretching load) have been considered
. 0 together as the initial stresses can be determined via the
e E R A L R classical linear theory of elasticity. The effects of these initial
0 /2 T Sw2  2n stresses on dynamic analyses around the inclusions within a
(c) plate-strip under additional time harmonic bending load are
Fig. 15. Effect of Hy/R on (a) 0,,/p, (b) Tr¢/p and studied via the TDLTE taking into account the state of the
(c) 0ge/p around inclusions at r=R. plane strain. Within this study the best way to determine the

solution was analyzed, and an algorithm was designed to
determine the numerical results. According to the study the
following conclusions can be reached:
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First fundamental frequencies decrease with the
plate-strip’s own weight and increase with initial
stretching force.

When the effect of the plate-strip’s own weight is
taken into consideration, the values of the stresses
are more significantly affected by the change in d/R
(distance between two inclusions).

The values of |q..|/E; decrease with f and @2
(< wgr.l)'

The values of |ogg/p |, lo/P |, ITre/p 1, lu./L|
and ug/L around the inclusions increase with
dimensionless frequencies @2.

The values of |u;/L| and |u,/L| on the plate-
strip’s upper face increase with dimensionless
frequencies ®? and the differences between the
values obtained at =0 and £=0.04 increase with &2.
The values of |ogg/p |around the inclusions
increase with increasing density of own weight f.
The values of |o../pl,Ite/p| around the
inclusions decrease with density of own weight at
0€e(0, r),, but increase at Oe(t, 21r).

The values of |u./L| and |ug/L|around the
inclusions increase when taking into account the
density of own weight at 6€(0, 1),, but decrease at
0e(T, 21m).

The values of |u, /L] and |u,/L| on the plate-strip’s
upper face increase with density of own weight and
this effect is greater for the case q/E; = 0.

The stresses’ and displacements’ absolute values
around the inclusions are significantly decrease
with pre-stretching force q/E;, and this effect is
greater when considering plate-strip’s own weight.
The absolute values of stresses around the
inclusions increase with E, /E;.

The stresses’ absolute values obtained for =0 are
greater than those obtained for £=0.04 at 0¢(0, 1),
but the values obtained for f= 0.04 are greater than
those obtained for =0 at e(T, 21).

The stresses’ and displacements’ absolute values are
significantly greater in cases where the upward
replacement of the position of the inclusions, i.e.,
Hr /R, decrease for the cases =0 and =0.04.
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