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BETONARME KOLONLARIN DEPREM PERFORMANSINDA ENINE
DONATI ARALIGI ETKISININ SAYISAL OLARAK INCELENMESI

Halit Erdem COLAKOGLU"

! Giresun Universitesi, Kesap Meslek Yiiksekokulu, Insaat Boliimii, Giresun, Tiirkiye
Gelis tarihi: 22.04.2020 Kabul tarihi: 01.06.2020

OZET

Betonarme yapilarda diisey tasiyict yapi elemanlarindan biri olan kolonlarin deprem performansinin belirlenmesi
ve meydana gelebilecek hasarin derecesinin bilinmesi icin kolonun dogrusal o6tesi davraniginda performansini
etkileyen faktorlerin arastirilmasi ve bu faktorlerdeki degisimlerin, hasarin derecesi {izerindeki etkisinin tespit
edilmesi gerekmektedir. Bu calismada, betonarme kolonun deprem performansini belirleyen dnemli bir etki olan
sargl donatis1 araligi degisiminin dogrusal Otesi davranisa etkisi aragtirilmistir. Bu amagla sonlu eleman metodu
kullanilarak modellenen iki farkli dikdortgen kesitli betonarme kolon yatay yiik ve eksenel kuvvet etkisi altinda
analiz edilmistir. Sonlu eleman analizinden elde edilen yatay yiik-yanal 6telenme ve egilme momenti-egrilik
iliskileri degerlendirilerek kolonun dogrusal olmayan davranisi belirlenmistir.

Anahtar Kelimeler: Dogrusal olmayan davrams; egrilik; plastik dénme siniri; sonlu eleman metodu; hasar
smnirt

NUMERICAL INVESTIGATION OF THE EFFECT OF TRANSVERSE
REINFORCEMENT SPACING ON EARTHQUAKE PERFORMANCE
OF REINFORCED CONCRETE COLUMNS

ABSTRACT

One of the vertical bearing structure elements in reinforced concrete structures in order to determine the earthquake
performance of the columns and to know the degree of damage that may occur, it is necessary to investigate the
factors that affect the performance of the column in its non-linear behavior and to determine the effect of the
changes in these factors on the degree of the damage. In this study, the effect of the change of winding
reinforcement spacing, which is an important effect determining the earthquake performance of the reinforced
concrete column, on the non-linear behavior was investigated. For this purpose, two different rectangular sections
reinforced concrete columns modeled using the finite element method were analyzed under the influence of
horizontal load and axial force. The nonlinear behavior of the column was determined by evaluating the horizontal
load-lateral translation and bending moment-curvature relationships obtained from finite element analysis.

Keywords: Nonlinear behavior; curvature, plastic rotation limit; finite element method; damage limit

1. Giris

Depremsel etkilerin yogun oldugu bélgelerde yapilacak yapilarin yonetmeliklerde belirtilen
tasarim kriterleri ve malzeme Ozelliklerine bagh kalinarak insaa edilmesi ¢ok onemlidir. Deprem
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sonrasinda yikilan veya agir hasar goren yapilarda yapilan incelemelerde, bu yapilarda yonetmeliklerde
belirtilen tasarim kriterlerine tam olarak uyulmadigi ve malzeme ile iscilik kalitesinin oldukga diisiik
oldugu sonucuna varilmistir. Ozellikle yapilarda diisey tasiyici eleman olarak kullanilan ve deprem
sirasinda tersinir ve tekrarli olarak cesitli yiliklere maruz kalan kolonlarin performansi, yapinin
tamaminin deprem performasini dogrudan etkilemektedir. Kolonlarda deprem sirasinda olusan
hasarlarin temel nedenleri arasinda sargilama eksikliklerine bagli kesme kirilmalari ve siineklik
kapasitesindeki yetersizlikler gosterilebilir. Kolonlarm deprem performansini etkileyen faktorlerin
belirlenmesi i¢in kapsamli laboratuar testlerinin yapilmasi ve bu amagla bir¢ok deney numunesi
uretilmesi gerekmektedir. Bu da son derece maliyetli ve zaman alici bir istir. Sonlu eleman metodu ise
gelisen teknoloji ile birlikte hem zamandan hem de maliyetten tasarruf yapmamiza imkan veren bir
tekniktir. Bu calismada dikdortgen kesitli betonarme kolonun sonlu eleman metodu kullanilarak
modellemesi yapilmig, deprem performansinda enine donati araliginin etkisi arastirilmistir. Bu amagla
ANSY'S programi kullanilarak sonlu eleman modeli yapilan kolonun yatay yiik etkisi altinda dogrusal
Otesi analizleri yapilarak, elde edilen sonuglar kesit hesabindan elde edilen teorik verilerle
karsilastirilmugtir.

Betonun ¢esitli ylikleme sekilleri altindaki davranisi oldukca karmasik bir olay olup, yiik etkisi
altinda catlama, ezilme, basing azalmasi ve aderans yapismasi gibi beton davranislar ancak dogrusal
olmayan malzeme modelleri ile verilmektedir. Betonun dogrusal olmayan davranmiginin en &nemli
sebepleri; donatinin plastik davranisi ve betonun yiik altinda ¢atlamasidir [1]. Egilme ve eksenel yiik
veya basit egilme altindaki bir kesitin davranisi en saglikli bicimde, gercek malzeme davranisini temel
alarak veya deneysel verilerden elde edilmis moment-egrilik iliskilerinden izlenilebilir [2]. Betonarme
yapilarda egilme momentinin kiicliik degerleri i¢in betonda basing ve ¢ekme gerilmeleri meydana
gelirken donat1 elastik davranir. Biitiin beton kesiti davranisa etkili oldugu i¢in donatinin katkisi bu
etkili olur. Momentin artmasiyla ¢ekme bolgesindeki beton gatlar ve catlak tarafsiz eksene dogru ilerler.
Betonun catlamasi moment-egrilik degisiminde kiigiikk de olsa ilk dogrusal davranistan ayrilmayi
dogurur. Bu anda betonarme kesitin dis ¢cekme lifinde normal gerilme, egilmedeki betonun ¢ekme
dayanimina esit olunca betonda ¢atlaklar meydana gelir. Betonda ilk ¢atlaklarin olustugu zamana kars1
gelen egilme momentinin hesabinda beton kesitin homojen oldugu varsayilmakta ve betonun c-¢
bagintis1 dogrusal elastik olarak alinmaktadir. Gergekte betonun dogrusal olmayan davranisi artan
gerilmelerle yavas yavas belirgin duruma gelir. Bu andan itibaren betonun dis basing lifinde veya ¢ekme
donatisinda plastik sekil degistirme bagslar. Plastik sekil degistirmelerin betonda & c¢O birim
kisalmasinda, celikte ise € sy akma sinirinda basladigi géz oniinde tutulmaktadir. Egilme momenti
artarken, beton basin¢ gerilmeleri dagilisi dogrusal olmayan bir degisimle olusur ve donati akma
gerilmesine ulagir. Bu zamana karsilik gelen moment akma momenti olarak bilinir. Akma momentinin
hesabinda betonun ¢ekme dayanimi hesaba katilmaz. Bu andan itibaren egilme momenti artarak kesitin
tagima kapasitesine ulastiginda basing bolgesindeki beton ezilerek kirilir veya ¢ekme donatisi kopar.
Basing bolgesindeki betonun ezilerek kirilmasi birim kisalmanin € cu sinir degerine erigmesi suretiyle
meydana gelir. Genellikle donatinin uzama kapasitesi biiyiik oldugu icin, gii¢ tiikenmesi betonun en
biiylik kisalma kapasitesine erismesiyle ortaya ¢ikar ve kesit tagima giiciine erigir [1].

Taskin ve Okay [3] yaptiklar1 ¢aligmada, sargi tipinin kolon davranisina etkisini aragtirmiglardir.
Bu amacgla Saatgioglu ve Ozcebe [4] tarafindan yapilmis kolon deneylerini numune olarak
kullanmuglardir. Calismada OpenSees programini kullanarak kolonlarin sayisal analizini yapmuslardir.
Elde edilen sonuglart mevcut deneysel ¢alismanin sonuglari ile karsilastirarak her iki sonucun da
oOrtlistligiinii tespit etmislerdir.
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Sekil 1. a) betonun gerilme-birim sekil degistirme iligkisi b) ¢eligin gerilme-birim sekil degistirme
iliskisi

El¢ci ve Goker [5] yaptiklarn calismada, Deprem Bolgelerinde Yapilacak Binalar Hakkinda
Yonetmelik (DBYBHY 2007) ile Tiirkiye Bina Deprem Yonetmeligi (TBDY 2018)’ni betonarme
kolonlarin deprem performansinin belirlenmesi agisindan karsilagtirmiglardir. Bu amagcla hazirlanan
kolon numunelerini deplasman esasl1 tersinir ve tekrarli bir yliklemeye maruz birakarak yiik-deplasman
ve moment-egrilik iliskilerini tespit etmislerdir. Elde edilen sonuglar, kesit analizi ile elde edilen
sonuglarla karsilagtirilmistir.

Kolgu ve Peker [6] tarafindan yapilan ¢alismada, eksenel yiik, malzeme modeli ve sarg
donatisinin betonarme kesitlerin davranisina etkisi aragtirilmigtir. Betonarme kesitlerin moment-egrilik
iligkisi, egrilik stinekligi ve plastik donme kapasiteleri belirlenerek kesit davranist karsilagtirilmistir.

Mander ve digerleri [7] yaptiklart deneysel ¢alismada, kendileri tarafindan daha dnce yapilmis
bir ¢aligmada onerdikleri sargili beton modelini kullanarak sargilanmis kolonlar1 test ederek, sargi
donatisinin hacim orami arttikga kolonun deprem davramisinin iyilestigi ve birim deformasyon
kapasitesinin arttigini belirlemislerdir.

Navdar ve Caglar [8] yaptiklar1 ¢alismada, betonarme manto kullanilarak giiclendirilen
kolonlarin davranigini belirlemek amaciyla, sonlu eleman metodu ile modelledikleri kolonlarin davranig
sonuglarini deneysel verilerle karsilagtirmislardir. Kolona ilave edilen manto kisminin beton
dayaniminin ve enine donati araliginin giiclendirilen kolonun davranisina etkisini incelemislerdir.
Karsilagtirilan sonuglardan, sargi miktarinin ve beton dayaniminin betonarme kolonun yiik tagima
kapasitesini ve siinekligini arttirdigi sonucuna varmiglardir.

Ying ve Jin-xin [9] ¢alismalarinda kare kesitli betonarme kolonlarin tersinir tekrarl yilikleme
analizlerini yaparak kolonlarin sismik kirilma tiirlerini ve yatay deformasyon kapasitelerini
arastirmiglardir. Calismada kolonlara uygulanan eksenel yiik orani, enine donati araligi ve kayma boy
orani parametrelerindeki degisim kontrol edilmistir. Betonarme kolonlar i¢in sismik kirilma tiirleri,
kolonlar akmadan sonraki elastik olmayan deformasyon kapasitesine eristiginde 6zellikle de egilme-
kesme kirilmalari i¢in belirlenmistir. Elde edilen sonuglara gore kayma boy oraninin azalmasi ya da
eksenel yiikiin veya enine donati araliginin arttirilmasi ile birlikte meydana gelen sismik kirilmalarin
egilme kirilmasindan, egilme kesme kirilmasina ya da kesme kirilmasina doniistiigii belirlenmis olup
histerezis egrilerinin kisalmast ile histerezis alaninin azalmasina bagli olarak deformasyon kapasitesinin
azaldigini tespit edilmistir.

2. Materyal ve Metot

Bu ¢aligmada 300 x 400 x 2000 mm? boyutlarinda dikdortgen kesitli betonarme kolonun deprem
performansi lizerinde enine donati araligiin etkisi arastirilmistir. Bu amagla Cizelge 1’de belirtilen
Ozelliklere sahip 2 adet model kullanilmistir.

ADYU Miihendislik Bilimleri Dergisi 12 (2020) 1-13
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Olusturulan modellerde kullanilan enine ve boyuna donatilarin elastisite modiilleri 210000 MPa,
poisson orani 0.3 olarak alinmis olup, akma ve kopma dayanimlar1 Cizelge 2’de gosterilmistir.

Cizelge 1. Kolon modellerine ait bilgiler

Model Boyutlar Enine Boyuna Beton
Adr (mm) Donati Donati Dayanim f
(mm) (mm) (Mpa)
Model 1 300 x 400 ?8/50 6018 36.7
Model 2 300 x 400 $8/100 6018 36.7
Cizelge 2. Donat1 ¢eliginin mekanik ozellikleri
Akma Kopma dayanim
Donata tiirii Donat1 ¢ap1 (mm) dayamm f, fsu
(MPa) (MPa)
Boyuna donati P18 448 559
Enine donati 08 472 574

Dikdortgen enkesitli betonarme kolonlarda boyuna ve enine donatilarin yerlesim bigimi, enine
donati araliklarinin degisimi ile kolon boyutlart Sekil 2°de gosterildigi gibidir. Kolon numunelerine
etkiyen yanal kuvvet kolon en alt ucundan 1650 mm ytikseklikte uygulanmistir. Kolon numunelerine
uygulanan eksenel kuvvet ise TBDY 2018’ de belirtildigi gibi N=0.25.A C.f ck ile hesaplanmustir.
TBDY 2018’de belirtildigi gibi kolon numunelerinin alt ucundan itibaren 500 mm uzunlugunda sarilma
bolgesi olusturulmus olup sarilma bolgesinde @8’den daha kiigiik ¢capli enine donati kullanilmamigtir.
Sarilma bolgesinde kullanilacak enine donatilarin araligit TBDY 2018’e uygun olarak 50 mm den daha
kiigiik ve 150 mm den daha biiyiik olmayacak sekilde belirlenmistir. Kolon numunelerinde boyuna
donati olarak @14’den daha kiigiik ¢apli donati kullanilmamig olup, TBDY 2018’de belirtilen boyuna
donat1 alani briit kesitin %1’inden az, %4’iinden daha biiyiik olmayacaktir sart1 saglanmaktadir [10].

A P

-
-

=100 mm
=100 mm

£~ 100 mm

Sekil 2. Donat1 yerlesim planlar1 ve kolon boyutlari

Dikdortgen kesitli betonarme kolon numunelerine ait donat1 yerlesim planlar1 ve kolon boyut
bilgileri belirlendikten sonra ANSYS programi kullanilarak kolon numunelerinin sonlu eleman
modelleri olusturulmustur. Sonlu eleman modelinde beton kismin modellenmesinde dogrusal oGtesi
durumda betondaki ¢atlak davranisini yansitabilen 8 diigiim noktali kat1 eleman Solid65 kullanilmas,
donatilarin modellenmesinde de Link180 elemani tercih edilmistir. Sekil 3’de dikdortgen kesitli
betonarme kolon numunelerinin sonlu eleman modeli gosterilmistir.

ADYU Miihendislik Bilimleri Dergisi 12 (2020) 1-13
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Sekil 3. Betonarme kolonun sonlu eleman modeli

Sonlu eleman modellerinde sargili ve sargisiz betonun gerilme-sekil degistirme iligkilerini
belirlemek i¢in Gelistirilmis Kent ve Park Modeli [11] kullanilmustir. Gelistirilmis Kent ve Park Modeli
[11]°nde sargili ve sargisiz beton i¢in iki farkli o-¢ egrisi onerilmektedir. Egrilerin her ikisinde de ilk
kisimlar ikinci dereceden parabol olup, ikinci kisimlar ise egimleri negatif olan diiz cizgilerle ifade
edilmektedir. Sekil 4’de model 1 ve Sekil 5’de model 2 icin sargili ve sargisiz beton gerilme-sekil
degistirme iligkisi gosterilmistir.

© 0001 0002 0003 0,004 0005 0006 0,007 0,008 0,009 001 o 0,001 0,002 0,003 0,004 0,005

Birim $ekil Degistirme Birim $ekil Degistirme
= {(ok Dofrulu Hal === Sargli Beton Gok Dofrulu Hal === Sargisiz Beton

Sekil 4. Model 1 i¢in sargili ve sargisiz beton malzeme modelleri

50

40 -,
g 30
3 20

10

o

o 0,001 0,002 0,003 0,004 0005 0006 0007 0008 0009 001 0 0,001 0,002 0,003 0,004 0,005
Birim Sekil Degistirme Birim $ekil Degistirme
=(ok Dogrulu Hal === Sargili Beton w—Cok DOgrulu Hal === Sargisiz Beton

Sekil 5. Model 2 i¢in sargili ve sargisiz beton malzeme modelleri

2.1. Kullanilan Sonlu Eleman Modelleme Yionteminin Giivenilirligi

Sonlu eleman modelleme yonteminin giivenilir oldugunun gosterilmesi ve modelleme
yonteminde kullanilan parametrelerin kolonun gergek davranisina en yakin sonuglari verecek sekilde
diizenlendiginin gosterilmesi bu ¢alisma i¢in oldukga biiyiik oneme sahiptir. Bu amagcla El¢i ve Goker
[5] tarafindan tersinir tekrarl yatay yiiklemeye maruz birakilan 250 x 250 mm boyutlarindaki kare kesitli

ADYU Miihendislik Bilimleri Dergisi 12 (2020) 1-13
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betonarme kolon i¢in elde edilen deneysel ¢aligma verilerinden yararlanilarak, betonarme kare kolonun
sonlu eleman modellemesi yapilmistir. Modellenen kolon yatay yiik etkisine maruz birakilmis ve kesme
kuvveti-yanal 6telenme iligkileri ile egilme momenti-egrilik iliskileri belirlenmistir.

a) b)
|\ l\
- T - - P ox
\ v
. -
it aa ¥ e
P
L
i i
L] L 2 * 2 =
I . s, [—n] %,
ioL4 2 o80ile
. 4" ==

Sekil 6. Kare kesitli betonarme kolon donati yerlesim planlari ve boyutlari a)U414 i¢in b) U812 i¢in

Elgi ve Goker [5] tarafindan yapilan ¢alismada iiretilen betonarme kolonun kesit geometrisi,
donat1 yerlesim plan1 ve boyutlar1 Sekil 6’da gosterilmistir. Her iki model i¢in yapilan dogrusal otesi
analizlerden elde edilen kesme kuvveti-yanal 6telenme ile egilme momenti-egrilik iliskileri Sekil 7 ve
Sekil 8’de gosterilmistir. Sekil 7 ve Sekil 8 incelendiginde sonlu eleman analizinden elde edilen kesme
ve egilme kapasiteleri ile deneysel verilerden elde edilen kesme ve egilme kapasitelerinin birbirine yakin
oldugu acik¢a goriilmektedir.

50 100
SH .
5 £
£ 40 £
= = 60
z
H
g 2 w0
20 7 g
§ Deneysel —_— £ Deneysel —_—
Teorik (Xtract) e & o0 Teorik (Xtract) e
SEM — SEM —
o T T o

o 20 40 &0 B0 o 0.1 0,2 03
Yanal &telenme (mm) Egrilik {rad/m)

Sekil 7. U414 kolonu kesme kuvveti-yanal 6telenme iligkisi ve egilme momenti-egrilik iliskisi
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Sekil 8. U812 kolonu kesme kuvveti-yanal 6telenme iliskisi ve egilme momenti-egrilik iliskisi
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Buna gore Ansys ile yapilan sonlu eleman modelleme yontemi giivenilirdir ve kolonun dogrusal 6tesi
davranisinin belirlenmesinde gergege yakin sonuglar verecegi diisliniilmektedir.

3. Arastirma Bulgulan

Dikdortgen kesitli betonarme kolonun uygulanan yatay yiik ve eksenel kuvvet etkisi altinda
yapilan dogrusal Gtesi analizlerinde her iki modelde de betonarme kolonlarda meydana gelen hasarin
sinirlart TBDY 2018 [10]’de belirtilen y1g1l1 plastik davranis modeline gore yapilmistir. Bu modele gore
betonarme elemanda dogrusal elastik olmayan sekil degistirmeler belirli bir bolgede yogunlasmis olup,
bu bolgeler haricinde dogrusal elastik davranis sézkonusudur.

Betonarme kolonda dogrusal elastik olmayan sekil degistirmelerin yogunlastig1 plastik mafsal
bolgelerindeki egriligin ani bir sekilde artig gosterdigi kabul edilmistir. Egriligin hizl1 bir sekilde arttig1
plastik mafsal bolgesinin uzunlugu TBDY 2018’de belirtildigi gibi Denklem (1)’e gore hesaplanmigtir
[10].

L, =0,5h )

Sonlu eleman modeli yapilan dikdortgen kesitli betonarme kolonun plastik mafsal boyu 200 mm
olarak belirlenmis olup, hasar sinirlar1 kolon alt ucundan itibaren ilk sekiz lif diizeyinde ele alinmustir.
Yapilan dogrusal 6tesi analizlerden elde edilen kesme kuvveti-yanal Gtelenme egrileri model 1 ve model
2 i¢in Sekil 9’da gosterilmistir. Yanal Otelenme egrileri betonarme kolonun tepe noktasi igin
hesaplanmustir.

180
160 -
140 -

Kesme Kuwveti (kN)

o 5 10 15 20 25 30

Yanal 6telenme (mm)

model 1 (SEM) model 2 (SEM)

Sekil 9. Model yiiklemelere ait kesme kuvveti-deformasyon egrileri

Sekil 9°da goriilebilecegi gibi dikdortgen kesitli betonarme kolonun yatay yiik ve eksenel kuvvet
etkisi altinda sarg1 donatisinin hacimce % 0,10 azaltilmasi bagka bir degisle etriye araliginin arttirilmasi
halinde kesitin kesme kuvveti kapasitesi degismemekle birlikte, her iki modelde de esit kesme kuvveti
farkli 6telenmeler olusturmaktadir. Kolonun tasiyabilecegi maksimum kesme kuvveti model 1 ve model
2’de 162 kN olup, bu kuvvetin olusturdugu yanal 6telenme model 1’de 15,54 mm, model 2 igin 18,27
mm olarak hesaplanmugtir.

Dikdortgen kesitli betonarme kolona uygulanan yatay yiik ve eksenel kuvvet etkisi altinda
yapilan dogrusal Gtesi analizlerde betonarme kolonun en alt kesitinde Sekil 10°da gosterilen 1-4
dogrultusunda ¢ekme etkileri, 2-3 dogrultusunda ise basing etkileri meydana gelmistir. Cekme
etkilerinin olustugu 1-4 dogrultusunda SH hasar smirinda birim sekil degistirme degeri 0,002’yi
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gegtiginden donatilarda akma meydana gelimistir. Sekil 11°de dikdortgen kesitli betonarme kolonda
govde ekseni boyunca olusan birim sekil degistirmeler SH, KH ve GO hasar sinirlarinda gosterilmistir.

a)

Birim Sekil Degistirme

Govde Ekseni
=+ Model 2 (SH) =@~Model2(GO) =s—Model2 (KH)

b)

0,01
0,008 4=
0,006
0,004 -
0,002

-0,002
-0,004
-0,006
-0,008

-0,01

Birim $ekil Degistirme

Govde Ekseni
=8—Model1(SH) =#=Modell(KH) =#=Model1(GO)

Sekil 11. Birim sekil degistirme dagilimlari a) Model ligin b) Model 2 i¢in

3.1.Sonlu Eleman Modeli I¢in Egriligin Tamimlanmasi
Egilme momenti ve eksenel kuvvet ya da yalmizca egilme momenti etkisi altindaki bir

betonarme kesitin davranisini belirlemek i¢in gercek malzeme davranisini temel alarak modellenmis bir
elemanin moment-egrilik iliskisi elde edilebilir. Moment-egrilik iligkisini olusturan M i ve K i
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degerlerini iterasyon metoduyla hesaplayabilmek i¢in denge ve uygunluk denklemlerinden faydalanilir

[2].

Bir kiris kesitinden faydalanilacak olursa, c (tarafsiz eksen derinligi) degeri i¢in varsayimlar
yapilir, ¢ degeri kuvvetler dengesi saglanincaya kadar degistirilir. En dis lifteki beton birim kisalmasi,
€_cii¢in bir deger secilir. Bilinen € ci ve ¢ igin ¢elik birim deformasyonlari, € si bulunur. Bulunan € _si
degerlerinden donatidaki gerilmeler ve donati kuvvetleri tespit edilir. Beton basing bileskesi F ¢
hesaplanir. Dengeye ulasildiktan sonra, i¢ kuvvetlerin agirlik merkezi etrafindaki momenti hesaplanarak
M _i bulunur. Egrilik ise Denklem (2) de belirtilen sekilde belirlenir [2].

K, ==~ @)

C
Dikdortgen kesitli betonarme kolonun sonlu eleman modelinde kolon alt tabaninda her bir yatay
sira kat1 eleman igin hesaplanan egrilik Sekil 12’de gosterilen betonarme kolonun her bir lifinin

baslangi¢ ve bitis diiglim noklarindaki birim sekil degistirmelerden yararlanarak Denklem (3) de
gosterilen sekilde hesaplanmustir.

1 £2
SIJJ_U,LU’ 2
L T >
L

Sekil 12: Sonlu eleman modeli i¢in egriligin tanim
@ = (le1| + le2)/L 3)

Sekil 13°de dikdortgen kesitli betonarme perdenin uygulanan yatay yiik ve eksenel kuvvet etkisi
altinda yapilan dogrusal Gtesi analizlerinden elde edilen egilme momenti-egrilik iliskileri sonlu eleman
modelleri ve kesit hesabi i¢in gosterilmistir. Modellerin hepsinde betonarme kolona etkiyen eksenel
kuvvet —y yoniinde 1101 kN olarak uygulanmistir. Ansys programi kullanilarak sonlu eleman
analizinden elde edilen egilme momenti-egrilik iliskileri, Sap2000 programi kullanilarak kesit
hesabindan elde edilen egilme momenti-egrilik iliskileri ile SH, KH ve GO hasar smrlar1 igin
karsilastirilmugtir.

Egilme Momenti (kNm)

N=—1101 kN
0,15 0,2 0,25 0,3 0,35
Egrilik (rad/m)
—odel 1 (SEM ) —Model 2 (SEM ) Kesit Hesabi

Sekil 13. Dogrusal 6tesi analizlere ait egilme momenti-egrilik iliskileri

Dikdértgen kesitli betonarme kolonun TBDY 2018’de belirtilen SH, KH ve GO hasar sinirlarindaki
plastik donme kapasiteleri sonlu eleman modelleri ve kesit hesab1 icin TBDY 2018’e uygun olarak
Denklem (4), Denklem (5) ve Denklem (6) da belirtilen sekilde hesaplanmis ve Cizelge 3’de
gosterilmistir.

ADYU Miihendislik Bilimleri Dergisi 12 (2020) 1-13



H. E. Colakoglu 10

.. 2 L
0,7 = 5|00 = 0y)1y (1 - 0532) + 50,4 @
(KH) _ (GO)
6™ = 0,750 )
6™ = (6)

Cizelge 3. Hasar siirlarindaki egrilik ve plastik donme kapasiteleri

Model 1 | Model 2 ,
I;asar SEM Kesit Hesabi
1nir
®u @y Bp ®u Qy BP Qu ®y 01”
SH 0.0097 0.0007 | 0.0097 0.0008 | 0.0109 0.0008
— <t v
KH 0.0324 § 0.0048 | 0.0313 lé 0.0047 | 0.0787 % 0.0129
= = =)
GO 0.0545 0.0088 | 0.0441 0.0070 | 0.1119 0.0189

Egilme etkisi altindaki betonarme bir kesitte, kesitin dayaniminda énemli bir azalma meydana
gelmeden olusan en biyiik egriligin @ (u(max)), dogrusal davranisa yakin davranisin bitimi sayilan
¢ekme donatisinda akmanin meydana geldigi andaki egrilige @ y, orani egilme siinekligi olarak
tanimlanir. Egilme siinekligi Denklem (7)' de gosterilen sekilde hesaplanir [1].

p = e ™

Ansys programi kullanilarak sonlu eleman analizi yapilan dikdortgen kesitli betonarme kolonun
egilme siineklikleri; sonlu eleman modelleri ve kesit hesabi i¢in Cizelge 4’de gosterilmistir. Model 2°
de sargi donatisi araliginin arttirilmasina bagli olarak kolonun egilme siinekliginde azalma meydana
gelmistir. Bu durum kolonda sargi donatisiin yapi elemanimin siinek davranisinda etkili oldugunu
gostermektedir. Kesit hesabi ise sonlu eleman analizlerine gore c¢ok daha silinek bir davranig
sergilemistir. Kesit hesabindan elde edilen maksimum egilme momenti ve egilme siinekligi sonlu
eleman analizlerinden elde edilen maksimum egilme momenti ve egilme siinekliginden daha biiyiik
olarak elde edilmistir. Bunun sebebi ise sonlu eleman modellemesinde kullanilan SOLID65 betonarme
elemaninin ¢atlama 6zelligine sahip olmasi ve kesitteki catlama etkisiyle moment tagima kapasitesinin
diismesi olarak diisiiniilmektedir.

Cizelge 4. SEM ve kesit hesab1 i¢in egilme siinekligi

En Biiyiik Egilme
Model Adi Akma Egriligi | Egrilik Stinekligi
Q)y Q)u(max) u
Model 1 0.00808 0.1163 14.4
Model 2 0.00738 0.0715 9.7
Kesit Hesab1 0.0095 0.2817 29.7

Sarg1 donatisi araliginin degisimine bagli olarak dikdoértgen kesitli betonarme kolonun yatay
yiik ve eksenel kuvvet etkisi altinda yapacagi yanal 6telenmeler elastik ve plastik olmak {izere SH, KH
ve GO hasar sinirlarinda Cizelge 5°de gosterilmistir. Sargi donatist araliginmn arttirilmasi betonarme
kolonun egilme siinekligini azalttig1 gibi yanal 6telenme miktarini da azaltmaktadir.
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Cizelge 5. SEM i¢in hasar sinirlarindaki elastik ve plastik yerdegistirmeler

Model 1 | Model 2
Hasar Sinin SEM
A, A, A, A, A, Ay
SH 1.73 8.43 1.52 7.79
KH 6.70 10.93 17.63 6.27 8.96 15.23
GO 16.94 23.64 12.94 19.21

4. Sonug ve Oneriler

Bu caligmada dikdortgen kesitli betonarme kolona yatay yiik ve eksenel kuvvet uygulanarak
dogrusal Otesi analizler yapilmistir. Aragtirmada sonlu eleman metodu kullanilarak modellenen
betonarme kolonun enine donatr araligi degistirilerek Ansys programinda dogrusal Otesi analizler
yapilmis, elde edilen veriler Sap2000 programi kullanilarak yapilan kesit analizleri ile karsilagtirilmigtir.
Betonarme kolonun TBDY 2018’de belirtilen hasar sinirlar1 diizeylerindeki egrilik, plastik donme sinir1,
elastik ve plastik otelenme miktarlari ile egilme siinekligi gibi davranis parametreleri aragtirilmustir.
Arastirma neticesinde elde edilen sonuglar asagida belirtilmistir.

Model 1 ve Model 2 igin yatay yilk ve eksenel kuvvet etkisi altinda yapilan dogrusal Gtesi
analizlerden elde edilen yatay yiik-yanal Gtelenme iliskileri incelendiginde her iki sonlu eleman
modelinde de kolonun tastyabilecegi en biiyiik kesme kuvveti 162 kN olarak belirlenmistir. Model 2’de
sargilama bolgesinde kullanilan enine donatinin hacimce % 0,10 azaltilmasi kolonun kesme kuvveti
tasima kapasitesini ¢ok fazla degistirmezken, Ozellikle yanal Otelenme miktarlar1 ilizerinde etki
yaratmustir. Oyleki; Model 1 ve Model 2 icin kolonlarin tastyabilecegi en biiyiik kesme kuvveti olan 162
kN, model 1 ‘de 15,54 mm, Model 2’de ise 18,27 mm yanal 6telenme olusturmustur. Bu durumun bir
sonucu olarak kolondaki sargi donatisinin yapi elemanmnin siinek davranmigimi giiclendirdigi
belirlenmistir. Oyleki Tablo 5 incelendiginde TBDY 2018’de belirtilen hasar smirlarinda kolonlardaki
elastik yerdegistirmeler Model 1 ve Model 2 i¢in benzer sonuglar gosterirken, 6zellikle dogrusal Gtesi
davranisin basladigi ¢ekme donatisinin akmasindan sonra Model 1, Model 2’ye gore daha biiyiik
Otelenme kapasitesine ulagmustir.

Sonlu eleman modellerine ait egilme momenti-egrilik iligkileri incelendiginde Model 1 ve Model
2’nin ayn1 moment tagima kapasitesine ulastiklar1 goriilmektedir. Ancak sargi donatisinin hacimce %
0,10 azaltilmasina bagl olarak Model 2 nin egilme siinekliginin Model 1’e gore yaklasik %33 azaldig1
belirlenmistir. Bu da betonarme yapi elemani olan kolonun siinek davranisinda enine donatinin
etkinliginin ¢ok biiyiilk oldugu sonucunu dogurmaktadir. Ayrica, sargi donatisinin hacimce % 0.10
azaltilmasi dikddrtgen kesitli betonarme kolonda plastik donme sinirmi GO hasar diizeyi i¢in yaklagik
%20 azaltmaktadir.

Sonlu eleman metodunda kullanilan Solid65 betonarme elemaninin ¢atlama 6zelliginin olmasi
ve catlayan betonun tasima giicliniin zayiflamasi nedeniyle sonlu eleman metodu kullanilarak yapilan
dogrusal 6tesi analizlerden elde edilen en biiyiik egilme momenti, kesit hesabindan elde edilen en biiyiik
egilme momentinden daha biiyiik olarak hesaplanmigtir. Buna ilave olarak betonarme kolonun egilme
momenti-egrilik iligkileri incelendiginde kesit hesabinin, sonlu eleman metoduna gore daha siinek
sonuglar verdigi belirlenmistir. Oyleki; kolonun kesit hesabindan elde edilen egilme siinekligi Model
1’den yaklasik %52, Model 2°den yaklasik %67 daha biiyiiktiir.
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OZET

Kiimeleme veri bilimcileri tarafindan teknolojik uygulamalar i¢in yaygin olarak kullanilan veri analiz teknigidir.
Yapilan analizlerin bir kismu veriler arasindaki iligkiyi tanimlamaktadir ve giiglii iliskiler, kiimeleme algoritmalari
araciligiyla alt kiimeler olusturur. Kiimelerin diigiimleri arasindaki islevsel iliskiler, aragtirilmamis ag 6zelliklerini
ortaya cikarmaktadir. Bu c¢alismada, Girvan-Newman Kiimeleme algoritmasi ile Vezir graflarinin (N-Vezir
problemi graf gosterimi) iliskisel 6zelliklerini arastirdik. Aragtirmamiz yiiksek simetrik diigiimlerin alt topluluklarda
simetriye yol agmadigini gosterdi. Tahta biiytlikliigiine gore farkli diiglim dereceleri artarken, olusan alt kiimelerin
sayist da diizensiz olarak artmaktadir. Ayrica, maksimum modiilerlik puani alt topluluk sayisindan daha yavas artis
gostermektedir.

Anahtar Kelimeler: Girvan-Newman, Vezir Graflari;, N-Vezir Problemi

THE MODULARITY OF QUEEN GRAPHS BY GIRVAN-NEWMAN
CLUSTERING ALGORITHM

ABSTRACT

The clustering of a given data set is a technique widely utilized data analysis method by data scientists for
technological applications. Some portion of the analysis defines the relations between data, and strong relations are
identified as sub-communities by means of clustering algorithms. The collected functional relations between the
clusters’ nodes extract the uninvestigated network properties. In this study, we investigated the relational properties
of Queen graphs (graph representation of the N-Queens problem) by the Girvan-Newman Clustering algorithm. Our
investigation showed that the highly symmetric degree of nodes does not lead the symmetry in the sub-communities.
While the distinct number of degrees increases with respect to board size, the number of subcommunities increases
irregularly. Additionally, the maximum modularity score increases slower than the number of subcommunities.

Keywords: Girvan-Newman; Queens Graph; N-Queens Problem

1. Introduction

N-Queens is a combinatorics problem extended from the 8-Queens problem [1, 2]. The N-Queens
problem requires the combination of N queens on the NxN board such that none of the queens can attack
the other. The problem was widely investigated by famous mathematicians such as Gauss [1, 2], Polya
[3], and Lucas [4]. Likewise, the N-Queens problem is the subject of current research, including quantum
computation [5-7], and genetic algorithm [8, 9]. Additionally, the N-Queens problem is utilized in
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computer science to demonstrate various algorithms such as permutation generation, backtracking, and
the divide-and-conquer paradigm [10]. The N-Queens problem is one of the well-known examples of an
NP-hard type problem. This is a class of problem that is “at least as hard as the hardest problems in NP”

[11].

In this study, we investigated the relational information between cells if there is a queen placed.
For that, the Girvan-Newman Clustering (GNC) algorithm was applied to the queen graph.

The queen graph was converted from the considered board. Every cell was indexed by a number
to represent the nodes in the graph. Edges were generated from the queen moves, so that rows, columns,
and diagonal elements had edges connected to them. An example of this is shown in Figure 1, in which
an 8x8 board is presented by indexed cells. The corresponding graph is shown in Figure 2. Every cell is
represented by a node in the graph. Edges connect the overlapping nodes.

a b ¢ d e f g h
Figure 1. 8x8 board is defined by indexing every cell with the sequence of numbers from 1 to 64

The 8-Queens graph is color-coded with respect to degrees of nodes and is presented in Figure 2.
The first ring (purple colored nodes) contains the nodes with 21 degrees. The second ring (green colored
nodes) contains the nodes with 23 degrees. The third-degree nodes (orange-colored nodes) contain the
nodes with 25 degrees. Lastly, the nodes in the center (blue colored nodes) are the nodes with 27 degrees.
This is the maximum capacity that a node can cover on an 8x8 board. A similar ring form is presented
for all the Queen graphs.

Color code  Degree Percentage in the graph (%)
21 43.75
[ ) 23 31.25
25 18.75
27 6.25

Figure 2 8-Queens graph is color-coded with respect to the degree of the nodes

In this paper is presented the results of the Girvan-Newman Clustering (GNC) algorithm
applications on queen graphs to extract relational states between placed queens by means of N-Queens
[12,13].

In the following section, we share the degree properties of Queen graphs. Next, the GNC algorithm
and application on the Queen graph is discussed. Then a discussion is had on the results of GNC
application and relation with related graph properties. Finally, concluding remarks are provided.
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2. Queen Graphs’ Degree Revisit

The Girvan-Newman Clustering (GNC) algorithm uses edge- betweenness to extract the
subnetworks in a specified graph. In this way, the degree of the graph (queen graphs in this study)
inherently defines the clusters. Figure 2 shows the degree of the nodes' proportional distribution of the 8-
Queens graph. While the outer ring with degree 21 is the majority, the nodes with degree 27, the center
of the board, contains the least number of nodes in the 8-Queens graph.

The distinct type of degree distribution of the Queen graphs is shown with respect to the specified

graph in Figure 3. 1-Queens and 2-Queens each have one distinct degree of nodes which have 0 and 3
degrees respectively.

With the increasing number of nodes for greater cells, more distinct degrees emerge. 3-Queens has
2 distinct degrees: 6 and 8. Similarly, 4-Queens has 2 distinct degrees: 9 and 11. The increase in the
distinct degrees follows a continuous trend as shown in Figure 4.

100 {m @

—a—1 ® 2 A3 v 4 &5 <46
>7 8 %9 @ 10 -9 11 + 12
—%-13 —%-14 ——15 16 —=—17 18
A-19 v 20 ¢ 21 <4 22 » 23 @24
—*—25 —@—26 @27 —+— 28 —<—29 —¥—30
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Number of Degrees

Figure 3 Proportionality of degrees for the given graph distribution gap closes by increasing the board
size

Distinct Number of Degrees

L J

T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Board Size

Figure 4. Increase of Distinct Degree of N-Queens (N=1-30)

3. Girvan-Newman Clustering of Queens Graphs

There are several clustering algorithms, which are used to extract information about the
relationships in the networks. Such algorithms include minimum-cut [14], hierarchical clustering [15],
modularity maximization [16], statistical inference [17], Girvan—Newman Clustering (GNC) algorithm
[12], and clique-based methods [18].

In our study, we applied GNC to identify the relations between queens. GNC is a divisive method
that uses edge betweenness. It progressively removes edges one-by-one until no edge is left in the given
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graph. In each step, edge betweennesses are recalculated, and edge(s) with maximum edge betweenness
is or are removed. Additionally, a modularity score is calculated in each step so that the graph with the
maximum modularity score corresponds to the most stable combination of the collection of clusters.

The clusters represent the strongly connected community of queens. Functional relations are
defined by modularity in small communities. Our analysis was done by means of Gephi with a GNC
plugin [19]. We applied 2 to 30-Queens. Further details of applications will be discussed in the Results
and Discussion section that follows.

There are various modularity scoring algorithms. In our calculations, the modularity score, which
is a measure of network quality, is formulated as follows [20]:

1 kik;
0=32, (45 =57 ) @
Lj

where s;s; is 1 if i and j are in the same group. M stands for the number of edges in the graph. k;
is the degree of node i and k; is the degree of node j. 4;; is the adjacency matrix.

4. Results and discussion

In our study, we investigated the functional relations between queens by means of the Girvan-
Newman Clustering (GNC) algorithm. The most stable sub-communities (a.k.a. clusters) were identified
based on the modularity score.

GNC is not applicable to 1-Queen since no edge exists. Thus, our investigation was limited from
2 to 30. In Figure 6, applications of GNC on N-Queens graphs (N=2-6 and 16-18) are shown. 2-Queens
is the graph which has 4 nodes and 6 edges. Removing the first and the second edges from the 2-Queens
graph has no effect on the modularity score, as shown in Figure 6.a. Removing the rest of the edges
reduces the modularity. Thus, the maximum modularity score for 2-Queens graph is 0.0, and there is only
1 community.

Figure 6.b presents the GNC application on a 3-Queens graph. The 3-Queens graph has 9 nodes
and 28 edges. Modularity score jumps from 0 to 0.06122446 by the 12" edge. 2 clusters are identified
with the maximum modularity score. The major cluster has 5 nodes, and the minor cluster has 4 nodes,
which are at the corners of the board.

The 4-Queens graph consists of 16 nodes and 76 edges. It reaches to the maximum modularity
score, 0.012551993, with the 7 clusters (See Figure 6.c). 4-Queens’ modularity score follows a
combination of 2-Queens and 3-Queens. The modularity score of 4-Queens decreases to a negative value
which indicates less interaction and then increases to the maximum value, 0.012551993.

The other noticeable behavior is that one of the clusters contains the majority of the queens (10 out
of 16). On the other hand, the other 6 clusters are made of single queens. This is a similar trend in the
greater boards except for 17-Queens, which is discussed in the following paragraphs.

In Figure 6.d, the GNC as applied to the 5-Queens problem, and the most stable clustered graph,
is shown. 5-Queens has 25 nodes and 160 edges. The modularity score did not change across a relatively
long period of time. The graph loses an edge in every step. One reason could be the symmetric structure
ofthe edges. GNC results show that there are 7 clusters with a maximum modularity score of 0.07257812.
Although the number of clusters is the same as the 4-Queens, a higher maximum modularity score is
found for 5-Queens. There are 2 major clusters that have 8 and 12 nodes. The other 5 clusters have only
one node.

The next example, 6-Queens, is shown in Figure 6.e. The 6-Queens graph has 36 nodes and 290
edges. The 6-Queens graph has 15 clusters with 0.032401927 maximum modularity score. There is only
one major community, which has 25 elements. This resembles from 5-Queens to 6-Queens added to the
board weakens the connectivenes. All clusters have only one node, the major cluster.
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For greater board slides, the trend follows with an exception, that being 17-Queens. 16-Queens
graph is built by 256 nodes and 6320 edges, and 18-Queens graph is built by 324 nodes and 9078 edges.
16-Queens and 18-Queens are divided 122 and 172 communities with the maximum modularity scores
of 0.054113388 and 0.05395335, respectively. Both graphs are made of one major graph and many
clusters with single nodes. The 17-Queens graph, on the other hand, has 289 nodes and 7616 edges, and
it is divided into 82 clusters with 0.18264371 maximum modularity score. 12 of all clusters contain 17
nodes, which are aligned on the row on the board, so there are 12 major clusters. One cluster contains 16
nodes, which are similar in the same row. The rest of the clusters, 69 clusters, have one node only.
Additionally, there is a steady drop in modularity score for every step of GNC after the maximum
modularity score. GNC shows the central cells on the board have stronger relations than surrounding
cells.

Similar clustering is seen for 27, and 28-Queens, and partially for 25, 26, and 29-Queens. This
highlights the strong relationship for being in the same row, but that is not the case for the N-Queens
problem.

We have given some of the GNC applications in detail, but our investigation is not limited to them.
The overall results are summarized in Figure 7 and Figure 8.

The results of the GNC tells us relational appropriateness to place queens. Figure 6.d presents a
GNC application on 5-Queens. The result shows that the first 2 columns (or rows if we consider rotational
symmetry) of the first 4 rows/columns are strongly related, and the next 3 columns/rows of the first 4
rows/columns are strongly related. This implies that the first two columns/rows cannot have queens closer
to each other. Similarly, the next three columns/rows cannot have 3 queens close to each other.

In Figure 5, all 10 solutions of 5-Queens are listed in the form of arrays. Orders in the arrays show
the row number, and the numbers stand for the column number of the particular queen. Additionally, the
first 4 solutions are shown in the form of a board. In Figure 6.d, GNC results reflect the solution since
placed queens column 1 and column 2 cannot be listed consecutively since they are in the same
community (Green colored community). Likewise, columns 3, 4, and 5 cannot be listed one after the
other (Purple colored community). This is clearly shown in the 5-Queens solutions.

1t Solution 2" Solution

Solution Number

1% Queen
2" Queen
3" Queen
4™ Queen
5% Queen

._.
—
w
w
(&}
~

503[1(4]2]|5 31 Solution 4" Solution

10/5(3 (142

Figure 5 5-Queens Solutions in the form of array and board
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Figure 6 Girvan- Newman Clustering algorithm is applied N-Queens (N=2-6 and 16-18) graphs
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GNC algorithm is a machine learning algorithm that extracts information from a network of data.
We intend to understand the strength of queens’ relations when they are placed on the board. When we
emphasize the boundaries between cells, we can develop a divide-and-conqueror algorithm to solve the
N-Queens problem. The GNC algorithm extracts the cluster by edge betweenness and modularity score
of the graph.

In Figure 7, the maximum modularity score increases slowly with an increase in board size
compared to the increase in the number of clusters (See Figure 8). This emphasizes that the stability of
the clusters is similar to increasing the board size with the number of communities. Additionally, 17-
Queens have an intense peak with a comparatively small decrease in the number of communities.

Figure 8 shows the number of clusters. There is a dramatic increase with respect to the board size
because of the number of one node clusters.
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Figure 7. The maximum modularities from 2 to 30-Queens graphs by the Girvan-Newman Clustering
algorithm
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Figure 8. The number of communities from 2 to 30-Queens graphs by the Girvan-Newman Clustering
algorithm
5. Conclusion

In this paper, we have applied the Girvan-Newman Clustering algorithm to extract the functional
relations between queens. The purpose was to open new paths for algorithms to solve the N-Queens
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problem. Application results show no explicit correlation between the board size and the number of
communities in the scope of our range.

The examination of Queen graphs shows no direct relationship with the number of communities
and the maximum modularity score. Thus, it extracts irregularity about the relations.

In future studies, we purpose to develop an algorithm to solve the N-Queens problem under the
light of this study. The core of the planned algorithm is based on the divide-and-conqueror by
communities identified in the Girvan-Newman Clustering algorithm. Dividing to the small parts is not a
common case for combinatorics problems.
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ABSTRACT

In order to carry out mining operating activities in forest areas that overlap with the mineral reserves, mining
investors are asked to pay forest land permit fees, reforestation fees, and other fees (such as security deposit,
service, and report) to the forest administration. These fees include the fees paid by mining investors as
investment period costs prior to starting mining operating activities, and reforestation fees and other fees. The
shares of fees within the amounts of mining investment paid by mining enterprises to forest administration only
during the investment period is an object of curiosity. In order to determine this, a survey was conducted to
mining enterprises via the ’Survey Monkey’’ online survey program. In this study, the variation of the shares of
each of these fees within the amount of mining investment, according to the mineral groups was analyzed.
According to this analysis, the reforestation fee of the mining companies participating in the survey receive an
average share of 3.44% and the other fees have a share of 0.72%. Considering the forest land permit fees paid
each year during the operation period, these costs, which are paid only once during the investment period, may
force the mining enterprises economically in the presence of other costs.

Keywords: Cost; Forest; Investment; Mining, Operation

ORMAN ALANLARINDA MADEN ISLETME FAALiY]ETLERi
YAPILABILMESI ICIN iSLETMELERIN YATIRIM DONEMINDE
ODEDIiIGI ORMAN BEDELLERI

OZET

Maden rezervleriyle ¢akisan orman alanlarinda maden igletme faaliyetleri yapilabilmesi i¢in maden yatirimeilari
orman idaresine; orman arazi izin bedeli, agaglandirma bedeli ve (teminat, hizmet ve rapor gibi) diger bedeller
vermektedir. Bunlar igerisinde maden isletme faaliyetlerine baslamadan 6nce maden yatirimcilarinin yatirim
donemi gideri olarak verdigi bedeller; agaglandirma bedelleri ve diger bedellerdir. Maden isletmelerinin sadece
yatirim déneminde orman idaresine verdigi bedellerin maden yatirim tutarlar igerisinde aldigi paylar merak
konusudur. Bunun tespit edilebilmesi dogrultusunda "Survey Monkey" anket programi aracilifiyla maden
isletmelerine anket gerceklestirilmistir. Bu ¢alismada bu bedellerin her birinin maden yatirim tutarlari igerisinde
aldig1 paylarin maden gruplarina gore degisimi analiz edilmistir. Bu analize goére ankete katilan maden
isletmelerinin yatirim tutarlar igerisinde agaclandirma bedeli ortalama %3,44, diger bedeller ise %0,72’lik bir
pay almaktadir. Isletme doneminde her yil 6denen orman arazi izin bedelleri de dikkate alindiginda, sadece
yatirrm déneminde bir kez ddenen bu bedeller, diger maliyetlerin varliginda tek basina, maden isletmelerini
ekonomik ac¢idan zorlayabilir.
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1. Introduction

Forest resources provide numerous and multifaceted benefits to society through its functions,
such as the production of wood raw materials, recreation, aesthetics, community health, hydrological,
conservation of wildlife, and biodiversity. Thus, forest management bears various costs while
providing these benefits through forestry activities [1]. It is necessary to estimate the value of the
deprived forest benefits due to the allocation of forests to mining, and to determine the cost value to
restore the damaged forest to its former quality [2]. Following this determination, in order to carry out
mining operating activities in forest lands, some fees are received for the forestlands used. It is
foreseen that these costs will be spent on making real community benefit'.

Mining investors do not only pay forest fees to carry out mining operating activities in Turkey.
Apart from varying depending on the overlapping of areas, they may face the payment status of
expropriation fees, private land fees, or pasture fees. There are also different kinds of expenses such as
operating license fees, waste management costs, rehabilitation costs, environmental compliance
assurance, share of municipality, state's right, and taxes that mining enterprises are obliged to pay as a
result of land use! [7].

In many countries where the mining sector are developing, all property permits, including forest
permits received for the mining activities paid during the project, do not exceed 2% of the total mining
investment amounts [8, 9]. But, due to the effects of changes in the legislation, there are concrete
examples in only forest lands in Turkey that exceed 40-45% of this rate [10, 11].

Forest fees required in Turkey are very high compared to worldwide [12, 13, 14]. These sums
paid as the forest fee annually in Turkey exceed the approximate average cost of the land purchase
where they are located [15]. In the vicinity of the forest area, privately-owned property can be
approximately purchased for USD 9000-18000 depending on its hectare, or on it’s being a wetland or
a barren land, hence free of hire purchase [16]. For instance, during a 20-year mining project in
Turkey, the fee paid for the forest can reach up to approximately 50-70 times more than the purchase
price of the land owned by the private property in the region because of the continuously increasing
forest land permit fee [17]. In the case of mining operations being in non-forest properties (e.
agriculture, pasture, public/private land..), about more than 20 times differences may occur in the fees
to be paid. In this situation, it becomes a critical factor affecting whether the aforementioned mining
projects will be carried out or not [14]. In this case, it is not possible for domestic and foreign mining
investors to provide economic operability in the mining investments they plan.

At the beginning of the 20" century, the minimum operable cut-off grades were, for example, 30
g/t for gold, 3% for copper, and 12% for zinc [18]. Today, as a result of the increasing demand and
prices for minerals, gold mines of less than 0.5-1 g/ton, copper mines with 0.5% cut-off grade, zinc
mines with 2% cut-off grade are now economically operable [19]. However, the higher the costs of
mining enterprises get, the higher minimum cut-off grade of the ore that they will produce, in parallel
with the cost increase, tends to get. This situation will mean the closure of some mining enterprises,
leaving the economic operability.

The most important goal of each company is to make maximum profit. The profit or loss of the
company depends on two factors. The first is the cost incurred for the amount of goods it will produce
and sell. The second one is the income obtained from the goods sold [20]. From the point of mining
enterprises, the second factor depends on the mineral prices determined by the stock exchanges based
on the mineral demand in the world. The first and more important factor in terms of investment risk is
that mining enterprises may be exposed to the influence of mining policies and legislation in the
country.
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In order for the investment project, which is one of the important tools in economic
development, to reach the targets (minimum time, minimum cost, minimum capacity) determined in
the project [21]; subsequent regulations due to legislation should not be outside the expected.

In terms of expenditures and risks, the most important activity group to be considered regarding
mining is pre-production activities [22]. These activities include the forest permit process. In case the
mining operating activities overlap with forestlands in Turkey, it is beneficial to determine how much
of a share the fees paid during the investment period from the expenses of the relevant permit period
takes within the amounts of mining investment. In this paper:

* Determine how much each and total of the different types of forest fees paid during the
investment period by the mining enterprises had shared in the amounts of the mining investment in
order to perform mining activities in forestlands in Turkey™,

* Determine whether these shares vary according to different mineral groups,
* Determine whether these shares have high in mining investment,

* Despite the prediction of the deduction in the forest land permit fee in the last legislative
arrangement, it is aimed to discuss the necessity of a deduction in the paid forest fees during the
investment period.

First of all, in line with this aim, questions were asked to the mining enterprises through the
"Survey Monkey" survey program in May, June, and July 2018 in Turkey to identify such legislation
problems in the mining sector and to make a comparative analysis for the results. Some of these
questions are about the forest fees to be paid for mining activities in forestlands.

The survey questions were answered by the relevant departments of the mining companies. The
answers were transferred collectively to the survey program, regardless of which companies answered
the survey, and it wasn’t known what responses were given to the questions. Some of the 97 mining
enterprises have chosen not to answer some questions. Respectively, 83 and 82 mining enterprises
answered the “’reforestation fees’” and “’other fees’” question examined in the study. Along with these
fees, the enterprises that announce their investment amounts are respectively 66 and 63 mining
enterprises. These data were analyzed according to different mineral groups. The mineral groups
stipulated by the legislation in Turkey are presented in summary (Table 1).

Table 1. Mineral groups in Turkish mining legislation (summary)™[5].

™ 1(a) Sand and Gravel
Group
Minerals | I (b) Clays and rocks used in cement and ceramics industries
—-— II (a) Aggregate rocks and rocks for ready-mix concrete and asphalt
Group | II(b) Dimension stones, Marble, Travertine, Granite, Andesite, Basalt etc.
Minerals ; ; 3 3
I (¢) Ground/milled rocks for industrial use (Calcite, etc.)

Salts (incl. sea, lake, and spring water), CO, gas (except geothermal, natural gas and petroleum areas,

rd s
I Group Minerals Hydrogen Sulfide

IV (a) Industrial minerals
v® 1V (b) Peat, Lignite, Hard Coal, Anthracite, Asphaltite, Bituminous Schist/Shale Shale, Coccolith/Sapropel
Nﬁ,rl(e):;)]s IV (¢) Metallic ores, rare earth elements/minerals
1V (¢) Radioactive minerals

V" Group Minerals | Precious and semi-precious stones
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In the calculation, the average values of forest fee ranges stated in the survey responses of each
mining enterprise were proportioned to total investment amounts. So, average values were calculated
for each mineral group.

2. Last Legislative Amendments on Forest Fees

In Turkey, it is projected that temporary facilities built out of necessity and depending on the
period of the license to carry out mining operating activities in the forest areas are given permission
within the framework set forth by Forest Law No. 6831, Regulation for Implementation of Forest Law
and Forest Permitting Regulation” [26, 27, 28]. One of the most significant problems of the mining
sector is the unpredictable forest permit processes and extremely high forest fees [29].

Law No. 7061 that came into force on December 05, 2017 and Article 9 of Mining Law No.
3213 in Turkey have been changed. As a result of this change, a deduction was made in the fees taken
from the mining permit in forestlands*. Based on this, in the implementing regulation of Article 16 of
Forest Law No. 6831, a change was also made with the Regulations put forth on July 06, 2018. The
matter of how and under which circumstances the deduction will be applied are discussed in Article 8.
Subsequently, a Circular of the GDF dated August 02, 2018 was published.

According to this with exceptions, for all mineral groups, from all permits, half of the land
permit fees shall be taken for the first ten years starting from the date on which the mining operation
permit is issued. So, on a site where the mining operation permit is issued after the date of 05"
December 2017, 50% discount will be applied to all forest permits to be given for 10 years by
MAPEG (General Directorate of Mining and Petroleum Affairs), mining operation permit date. If the
operation permit is in a forest permit field issued before December 05, 2017; after the date of
operation permit issued by "MAPEG" starting from December 05, 2017, a discount will be applied for
the remaining period of ten years.

However, due to the implementation of the aforementioned Circular by the General Directorate
of Forestry, no deduction is applied in the license areas whose first operation permit date (10 years
before the effective date of Law No. 7061) is before the date December 05, 2007. This situation
eliminated not only the vested rights of mining investors but also removed competition and equal
employment conditions between the ones who were given operation permit before the date December
05, 2017 and the ones who were given the permit after this date*! [9].

Nevertheless, in the inscription added to Paragraph 6 of Article 47 of the Law No. 7061 and to
Article 9 of Mining Law, there was no mention of "Operating Permissions First Regulated Date", and
no regulation was made regarding whether the operation permit was issued before the Law No. 7061
or not [9]. Therefore, in the aforementioned Article of the Law, there is no regulation found regarding
’no deduction will be applied for licenses issued before 2007” as well as regarding “deductions will be
applied for the remaining period of 10 years in the operation permit issued before 2017”. See on
legislative proposals on this matter [14].

Several Mining Associations, particularly the Turkey Miners Association (TMD), suggest the
forest land permit fees required from mining enterprises are deducted [13, 14] or —instead of every
year- are taken only once during the investment period. Forest land permit fees can be evaluated as an
operating period expense. In this case, the share of reforestation fees from forest costs paid by mining
enterprises during the investment period and the share of other fees within the amounts of mining
investment should be examined.

3. Forest Costs Paid During the Investment Period: Their Ratio to the Amounts of Mining
Investment
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3.1. Reforestation Fees

3.1.1 Calculation of Reforestation Fee

In forestlands, the reforestation fee is taken once per m? It is determined that the desired
reforestation fee for the mining permits given in the forestlands will be spent for the reforestation of
these areas. The reforestation fee changes every year for mining enterprises and this fee rises every
year according to the rate of the minimum wage in Turkey. The calculation of the "reforestation fee"
in the Forest Regulation is stated as; "one-day normal working payment for Workers over 16 years old
that is established to second half of the year by" General Directorate of Minimum Wage Detection
Commission" is, the multiplication of the permit area with reforestation unit hectare fee that
determined by the multiplication of minimum wages by the 294 days/hectare coefficient.

As seen from this definition, as the minimum wage increases, the reforestation fee that is asked
from the miner are increased in Turkey as well", Accordingly, the reforestation fee is 2.5073 TL*/m?
as of 2019.

3.1.2 Reforestation Fees in Turkey & Their Ratio to Mining Investment Amounts

The survey question, "How much the total reforestation fee you paid / will pay?" is asked to
mining enterprises in Turkey. Eighty-three mining enterprises answered to this question. The
distribution of these responses, according to different mineral groups, is shown below (Fig. 1).
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(=]
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l{a)Group  1(bjGroup  2(a)Group  2{b)Group  4{a)Group  4(bjGroup  4(c)Group
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Figure 1. Reforestation fees paid by mining enterprises®

Reforestation fees are envisaged to be given only once at the beginning of the mining operation.
Considering this situation, when the amounts paid as "reforestation fees" by each mining enterprises
answering the survey individually are proportioned to their investment amounts, the following results
are obtained on the basis of mineral groups (Table 2).
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Table 2. Reforestation costs & averages of investment amounts.

Number of Average of Average of The r.atlo of
i s e total . reforestation costs to
Mineral groups mining . reforestation !
Enterprises investment fees (TL) total investment
P amounts (TL) amounts (%)
16 39.687.500 950.000 5.40
Group 2 (a)
Group 2 (b) 20 63.425.000 1.975.000 321
Group 4 (a) 8 498.312.500 6.500.000 3.43
Group 4 (b) 14 432.346.154 3.475.000 1.22
Group 4 (¢) 8 522.750.000 3.132.143 4.00
For all mineral group 66 268.068.182 2715.086 344

As can be seen in the table, the weighted average of the "ratio of reforestation fees to investment
amounts" paid by the mining enterprises is 3.44%. This rate alone shows that the ‘’reforestation fee’’
has a high share in the mining investment amount in Turkey. The fact that the investment amounts of
2™ Group of minerals were less than the investment amounts of 4% Group of minerals was finalized
with the situation that the 2" Group of minerals have a higher share —compared to other groups in
general- in investment amount of reforestation fee. Thus, as shown in the figure below clearly, it is
seen that this share declined gradually from the 2" Group of minerals to the 4" Group of minerals

(Fig. 2).
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Figure 2. The ratio of reforestation costs to investment amounts
It is seen that there is a moderate polynomial correlation (R? = 0.69) between the mineral groups

and the ratio of reforestation fees to investment amounts. The reason why this change varies among
the mineral groups is the variability in the forest permit areas to be operated especially in mining.
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3.2. Other Fees

For performing mining operations in forestlands; there are other costs paid to the forest
administration (such as security deposit*, service fee, and report fee). The question "How much is the
total amount fee of security deposit, service, and report that you paid/will pay to Forestry
Administration? (Excluding land permit fee and reforestation fee)” was asked to mining enterprises.
The answers of 82 mining enterprises according to different mineral groups, are shown below (Fig. 3).

i B
2 oo
E 6
# £
£
w N
L3
I
L)
5, | | [ i |
J_.r' l{a)Group 1(b)Group 2(a)Group 2(b)Group 4(a)Group 4(b)Group 4(c)Group
E
: Other Costs (TL)
0O 0-10 thousand 10-25 thousand 25-50 thousand
m50-100 thousand m100-250 thousand m 250-500 thousand

m 500 thousand-1 million  m>1million

Figure 3. Other costs* (TL)

The "other fees" that were paid by every mining enterprise which gave this answer were
proportioned to their investment amount. The following results were obtained (Table 3).

Table 3. Other Fees & the ratios of other fees to investment amounts.

Number of | Average of total | Average of | The ratio of other fees
Mineral groups mining investment other fees to total investment
Enterprises | amounts (TL) (TL) amounts (%)
15 41,933,333 202,333 1.09
Group 2 (a)
Group 2 (b) 20 63,425,000 270,000 0.77
Group 4 (a) 8 498,312,500 879,688 0.82
Group 4 (b) 13 585,423,077 94,038 0.16
Group 4 (c) 7 583,071,429 889,583 0.74
For all mineral group 63 278,984,127 356,762 0.72

Only the ratio of "the other fees" from forest fees to the investment amounts of mining
enterprises has a share too high to be underestimated with a value of % 0.72 as an average. Going
from the 1% mineral group to the 4™ mineral group, the average investment amounts increase. In fact,
this situation resulted in a decrease in the average value of the ratio of other fees to investment amount
going from the 1 group to the 4™ group of minerals (Fig. 4).
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Figure 4. The ratio of other fees to investment amount

There is a weak polynomial correlation (R? = 0.55) between the ratio of the other fees to the
investment amounts and the average value (%) of the mineral groups. However, from the 2™ group to
the 4™ group, these values give an idea about the ratio changing among the mineral groups.

4. Conclusion and Suggestions

Reforestation and other fees, which are the forest fees paid by mining enterprises during the
investment period, have undeniable shares in the investment amounts of these enterprises. The ratios
of these fees to investment amounts vary among mineral groups. The ratio of reforestation fee to
investment amount varies between mineral groups between 1.22-5.40%. In other fees, this share is
between 0.16-1.09%. There are other land use costs paid during the investment period as well as taxes
such as forest land permit fees and state right paid each year during the operational period. In the
presence of these costs, the “reforestation fee” and “other fees” examined in the study may create a
higher investment risk especially for mineral groups with low investment amounts. This situation
shows that forest costs paid during the investment period are a cost item that can economically push
more the 2™ Group mining enterprises whose investment amounts are lower compared to other
mineral groups. Things to do can be summarized as follows:

* First of all, in the direction of the recommendation of the mining sector, the land permit fees
should be taken once, instead of every year, within the forest costs like the other fees specified outside
this fee.

* Considering that required forest costs are high at specified rates only during the investment
period in Turkey, being one of these fees, lowering the reforestation fee to a more reasonable level —
for example deducting in half- with the legislation can make a positive contribution to the
development of the mining sector. At this point, determining both the reforestation fee and security
deposit, which is one of the other fees, in accordance with the minimum wage rate, can result in a high
increase in these fees each year. Instead of this rate, it would be more appropriate if the increase in
fees is at least to the extent of annually inflation rate declared in Turkey. Above all, it is beneficial to
make such calculations with scientific approaches considering the mining and forestry criteria.

» Thus, when considering the mining operating data analyzed in the study, the ratio of
reforestation fee’’ to the total investment amount is 1.72% instead of 3.44% (Due to 50% discount of
reforestation fee). Thus, these fee deductions to be made can reduce the mining investment risks. Even
if these percentages may adversely affect the mining enterprises economically and financially, in the
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context of the use of sustainable natural resources, at least making these changes stated in the forest
fee types in Turkey will contribute to this sustainability.

References

[1] Kaya G. Determining the values of forest resources. Environmental Economics and Policy,
Environmental Volunteers Platform, Istanbul, pp.143-158, 1998.

[2] Ok K, Kaya G. A comparative study on valuation techniques and accounting approach of land
allocation rent in practice of Forest Law, Article 16. Journal of Forestry Research 2017; 4 (1):
46-60.

[3] GDF. Ministry of Agriculture and Forestry, GDF 2018 Annual Report. Ankara, 85 p., 2019.

[4] Yildiz T.D. The share of required costs in investment amounts for mining operating activities in
pasture lands in Turkey. Journal of Engineering Science of Adiyaman University, 2019; 6 (10):
23-31.

[5] Yildiz TD. Waste management costs (WMC) of mining companies in Turkey: Can waste
recovery help meeting these costs? Resources Policy, Accepted, 2020.

[6] Yildiz TD. Effects of the private land acquisition process and costs on mining enterprises before
mining operation activities in Turkey. Land Use Policy, Accepted, 2020.

[71 Yildiz TD, Kural O. Costs to be required in the conflict of mining operation activities and
private property land of state's treasury & Evaluation of legislation, International Congress of
Academic Research (September 16-18), Conference Abstracts, Bolu, pp.201-202, 2019.

[8] Aydm O. Investor is in trouble. (Foreword by Journal Editor). Journal of Mining Turkey 2018;
70, pp.4.

[9] TMD. The report on mining problems and solution proposals. TMD Sector News Bulletin 2018;
72:23-36.

[10] Yildiz TD. The survey research done to 97 mining enterprises from the online Survey Monkey
(unpublished). 2018.

[11] Yildiz TD. Forest fees paid to permit mining extractive operations on Turkey's forestlands & the
ratio to investments. Gospodarka Surowcami Mineralnymi: Mineral Resources Management,
(Accepted), 2020.

[12] Aktan M, Cimen N, Ozgelik Y. Implementation of regulatory practices for Turkey and forestry
permits for mining activities. Proceedings of the 25" International Mining Congress of Turkey,
(April 11-14), pp.447-456, Antalya, Turkey, 2018.

[13] TMD. Forest permit problems in mining industry and solution suggestions. TMD, Editor: Evren
Mecit Altin, 27 p., 2017.

[14] TMD. Mining sector problems and solutions in forest permits. TMD, Istanbul, 37 p., 2019.

[15] Aydin O. Sector believes that dialogues can overcome any problem. Interview with Umit
Akdur. Journal of Mining Turkey 2015; 46: 50-54.

[16] Kose M, Unver B. Why should the forest permit fees be revised? Journal of Mining Turkey
2019; 77: 134-138.

[17] Journal of Mining Turkey. Mutual statement from sector, about to forest fees (News from
Turkey). Journal of Mining Turkey 2018; 70: pp. 6.

[18] Priester M, Ericsson M, Dolega P, Lof O. Mineral grades: an important indicator for
environmental impact of mineral exploitation. Mineral Economics 2019; 32 (1): 49-73.

[19] Journal of Mining Turkey. The solution of current account deficit is a strong mining industry.
(Interview with Muhterem K&se). Journal of Mining Turkey 2012; 24: 46-53.

[20] Unay C. General Economics. Ekin Publishing, 2™ edition, Bursa, 510 p., 2000.

[21] Kose H, Kahraman B. Mining operation economics. Dokuz Eyliil University Faculty of
Engineering Publications No: 223, 3™ Edition, Izmir, 339 p., 2009.

[22] Yolcu M, Saglam N. Financial reporting and comprehensive application examples by

TMS/TFRS. 1% Publication, Turkey, 472 p., 2014.

ADYU Miihendislik Bilimleri Dergisi 12 (2020) 24-33



33 T. D. Yildiz

[23] Topaloglu M. Mining Law No. 3213 and related regulations (translation). Istanbul Mineral
Exporters’ Association, 617 p., 2016.

[24] Yildiz TD. The impacts of EIA procedure on the mining sector in the permit process of mining
operating activities & Turkey analysis. Resources Policy, 2020; 67:

[25] Yildiz TD. Recommendations for authorized administration organization in the mining
operation permit process in Turkey. Trakya University Journal of Social Science, 2020; 22 (1):
211-237.

[26] Yildiz TD. Evaluation of forestland use in mining operation activities in Turkey in terms of
sustainable natural resources. Land Use Policy, 2020; 96:

[27] Yildiz TD, Kural O, Aslan Z. Problems and solutions in relation to permits required to be
perform mining operation activities in forest lands in Turkey. 1* International Sisli Science
Congress (October 24-25), Istanbul, Turkey, pp.159-160, 2019.

[28] Yildiz TD, Kural O, Aslan Z. Problems and solutions in relation to permits required to be
perform mining operation activities in forest lands in Turkey. Academic Studies in the Field of
Science and Mathematics, Gece Bookstore Publishing, Chapter 2, Istanbul, Turkey, pp.23-46,
2020.

[29] Emiroglu A. Mining sector problems and solutions in forest permits (Foreword of the Book),
TMD, 8-9, 2019.

[30] Malli NO. Examination on the incentive for forest costs within the scope of the Constitutional
Court decision. Journal of Mining and Human, 2019; 4: 34-36.

[31] Topaloglu M. Amendments to the implementing regulation of article 16 of the Forest Law.
TMD Sector News Bulletin, 2018; 72: 86-88.

[32] https://legalbank.net/belge/asgari-ucretler-16-yasindan-buyukler-ve-16-yasindan-kucukler-icin-
2018-yili/2610258/ (Accessed: 13" January 2019).

[33] Central Bank of the Republic of Turkey, 2019. Indicative exchange rates & Central Bank rates
by date. Available via: <https://www.tcmb.gov.tr/kurlar/kurlar tr.html>, (Accessed: 06®
November 2019).

[34] Sarag MS. Charges for marble quarries in forest territories. Proceedings of the 10™ International
Marble and Natural Stones Congress and Exhibition of Turkey. December 13-14, Bursa,
Turkey, pp.12-19, 2019.

In 2018 alone, all sectors paid a total of 1.639 Billion TL as permit fee for operating activities to GDF (General Directorate
of Forestry), 295 million TL of this fee was spent on reforestation of the whole Turkey [3]. Especially of all sectors, it can be
said that a significant portion of forest incomes is covered by the fees obtained for mining activities.

" For different types of these costs, see [4, 5, 6]

i See the forest fees paid not only during the investment period but also during the mining operation period [11].

v See the mineral groups stipulated by the Turkish mining legislation [4, 23].

v Regarding license/permit process and environmental regulations in the mining sector in Turkey, see [24, 25].

i A lawsuit was filed with the Constitutional Court for the annulment of article 47 of the Law No. 7061, where the incentive
provision was foreseen. This request for annulment was rejected by the Constitutional Court's decision numbered 2018/80 on
July 05, 2018 [30].

Vi Additionally, in line with the opinion of the forest bureaucrats, aforementioned deduction incentives are not applied even
though new operation permit is issued in the extension of the operating permission period. However, the application of this
provision, which introduced an incentive provision, to the re-extended operating permissions would be more appropriate for
the purpose of the regulation [31].

Vil See the minimum wage tariffs [32].

X 1 USD = 4.84 Turkish Lira (July 16, 2018) [33].

* In the figure, "> 10 million": 10 - 20 million TL, i.e., the average of 15 million TL was accepted.

X According to the Forest Regulation, “Security deposit” = Permitted forestland (m?) x [reforestation fee per unit area
(TL/m?)/10] [11]. In the event that the mining investor gives up his investment, the forest permit expires, and the activity
ends, the security deposit is returned provided that the obligations specified in the written contract have been fulfilled [34].

Xi In the figure, "> 1 million": 1-3 million TL, i.e., the average is considered to be 2 million TL.
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OZET

Kaynaktan yayilan 1smlar géz kadar viicudun agik kalan bdlgelerinin etkilenmesine neden olur. Kaynakl
birlestirme iglemleri yaparken meydana gelen is kazalari son yillarda artig gosteren ve istenmeyen bir durumdur.
Bu durumun ortaya ¢ikmasi ¢evresel sartlardan, dikkatsiz ve deneyimsiz isgilerden kaynakli olabilecegi
bilinmektedir. Yapilan arastirmada 2015-2018 yillarinda kaynakeilik ve oksi-gaz kesimciliginde meydana gelen
is kazalarinda %66.4’liikk bir artis goriilmektedir. Kaynak uygulamalarinda meydana gelen is kazalar1 uzuvlar
etkiler (%62) ve ciltte kesik ve siyrik gibi yaralanmalar (%40.9) meydana getirir. Zaman igerisinde ortaya ¢ikan
bu artis hem is giliciinde 6nemli aksamalara hem de iilke ekonomisinde meslegin katkisini azaltmaktadir.
Kaynake¢ilik uygulamalarinda goriilebilecek sorunlarin olusturacagi maddi ve manevi kayiplart ortadan
kaldirabilmek igin gerekli olan giivenlik tedbirlerinin 6nceden alinmasi biiyliik bir 6nem tasimaktadir.
Solunumun, goz, cilt ve isitme kanallarinin korunmas1 kaynakta is giivenligi i¢in son derece dnemlidir.

Anahtar Kelime: Is Kazasi, Kaynak¢ilik, Solunum, Isitme, Gorme.

WORK ACCIDENTS AND SAFETY PRECAUTIONS OCCURRED IN
WELDING VOCATIONAL IN TURKEY

ABSTRACT

The rays emitted from the welding cause to be affected the open parts of the body as much as the eyes. Work
accidents that occur while performing welded joining processes have been increasing and undesirable in recent
years. It is known that this occurrence may be due to environmental conditions, careless and in experienced
workers. In the research conducted, there is a 66.4% increase in work accidents that occurred in welding and
oxy-gas cutting between 2015-2018. Work accidents in welding applications affect the body parts (%62) and
cause injuries such as incisions and scrapes (%40.9) on the skin. This increase over time decreases the
contribution of the vocation both in the workforce and in the national economy. It is of great importance to take
the necessary safety precautions in order to eliminate the material and moral losses caused by the problems that
may be seen in welding applications. Protection of breathing, eyes, skin and hearing channels is extremely
important for work safety at the welding.

Keywords: Work Accident, Welding, Breathing, Hearing, Vision.
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1. Giris

Is saglig1 ve giivenligi konusu gelisen ve biiyiiyen endiistriler i¢in her gecen giin daha da 5nem
arz etmektedir [1]. Risk tasimayan is olmadig1 gibi meydana gelen risklerinde ortadan kaldirilmasi
biiyiikk 6nem arz etmektedir. Diinya iizerinde is sagligi ve gilivenligi tedbirlerine baktigimizda ilk
calismalarda Romalilar doneminde Tarih¢i Heredotos besleyici ve enerjili besinler ile calisanlarin
ihtiyaclarmin karsilanmas1 gerektigine deginmistir [2]. Is kazasi, calisma sahalarinda meydana gelen,
belirli bir zarar veya yaralanmaya yol agan [3], ¢alisanlarin maruz kaldiklar tehlikelerden olusan [1],
beklenmedik bir sekilde meydana gelen ve genelde yaralanmalara neden olan [4], is giiclinde ve
iiretimde maddi ve manevi zarara neden olan durumlara verilen genel tanimlamadir.

5510 sayili Sosyal Sigortalar ve Genel Saglik Sigortasi Kanunu’nun (SGK) 13’incii
maddesine gore sigortali is yerinde bulundugunda, emziren kadina ¢ocuguna siit vermek i¢in ayrilan
zamanlarinda, isveren tarafindan yiiritiilmekte olan is nedeniyle kendi adina ve hesabindan bagimsiz
calisiyorsa yiirlitmekte oldugu is nedeniyle, sigortalinin goérevli olarak isyeri disinda baska bir yere
gonderilmesi nedeniyle asil isini yapmaksizin gegen zamanlarda, sigortalilarin igverence saglanan bir
tasitla isin yapildigr yere gidis-gelisi aninda yasanan ve sigortalmin kismen, ruhen ve fiziksel olarak
hasara ugramasi durumlarinda yasanilan olay is kazas1 olarak degerlendirilir [5].

Is kazalarmin énlenmesi igin alman tedbirler dizisine is saghg ve giivenligi (ISG) énlemleri
denir. ISG ekonomik faaliyetlerin birgogunda yer edinen bir disiplindir. Metalurji, maden, kimya,
elektrik benzeri birgok miihendislik disiplininde bulunmakla birlikte; egitim, saglik, ulasim gibi
disiplinlerde de ISG 6nemli bir yere sahiptir [6]. Ulkemizde SGK’nin verilerine gore yilda ortalama
1000’e yakin vatandasimiz is kazalari sebebiyle hayatim1 kaybetmektedir [2]. Ayrica yapilan
arastirmalarda is kazalar1 ve meslek hastaliklarinda tilkemizin diinyada ne yazik ki ilk siralarda oldugu
[7], farkli bir aragtirmada ise Tiirkiye’de resmi olarak her giin 172 is kazas1 meydana geldigi ve bu
kazalarda 4 iscinin hayatim kaybettigi ve 6 iscinin de is goremez hale geldigi belirtiliyor [8]. Is
kazalarmin meydana geldigi sektorlerden birisi olan metal sektorii Tiirkiye’nin ihracatinin % 12’sini,
sanayi sektoriindeki istihdamin % 2’sini ve gayri safi milli hasilatin % 3’{inli olusturan 6nemli bir
ekonomik faaliyet olmasinin yaninda is kazalarinin en yogun goriildiigii sektorlerdendir [9].

Bu ¢alismada, 2015-2018 yillar1 arasinda Tiirkiye’de kaynakgilik disiplininde meydana gelen
is kazalar1 ve Sliimler ile ayrica kaynak uygulamalarinda karsilagilan sorunlar ve giivenlik 6nlemleri
iizerine bir inceleme yapilmistir.

2. Tiirkiye’de 2015-2018 Aras1 Kaynakgihk Disiplininde Meydana Gelen Is Kazalar ve
Oliimler

Endistriyel uygulamalarda metal {iretim yontemlerinden birisi olan kaynakeilik disiplini ferdi
bir uygulama olmanin yaninda farkli ekonomik faaliyetler olan celikten tiipler, borular, ig¢i bos
profiller ve benzeri baglant1 pargalarinin imalati, metal yapit malzemelerin imalati, ¢elik varil ve
benzer muhafazalarin imalati, kaldirma ve tagima ekipmanlar1 imalati, gemilerin ve yiizen yapilarin
ingaasi, demiryolu lokomotifleri ve vagonlarinin imalat1 ve ¢at1 isleri uygulamalarinda 6nemli bir yer
tutmaktadir. Sosyal Giivenlik Kurumunun (SSK) 2015-2018 yillar1 arasinda Tirkiye’de meydana
gelen is kazalar verileri lizerinde yapilan degerlendirmede kaynakgilar ve oksi-gaz kesimcileri ile
kaynakeilik disiplini ile baglantili ekonomik faaliyetlerde meydana gelen is kazalari, is goremezlik
durumlari, oliimler ve meslek hastaliklar1 incelenmistir. Sekil 1°deki verilere gore Tiirkiye’de
meydana gelmis kaynakgilik ve oksi-gaz kesimcilerindeki is kazalarina bakildiginda yillara gore artis
goze carpmaktadir. 2012 yilindan 6nce metal sektoriinde artmaya baslayan is kazalar1 2007’den
2012’ye kadar hafif diizeyde bir azalma oldugu da goriilmiistiir [9]. Daha sonra 2015-2018 yillari
arasinda Tiirkiye’de kaynakeilik ve oksi-gaz kesimcilerinde meydana gelen is kazalarinda % 66.4’°1liik
bir artig goriilmektedir. Zaman igerisinde ortaya ¢ikan bu artis hem is giiciinde dnemli aksamalara hem
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de tilke ekonomisinde meslegin katkisimi azaltmaktadir. Artan is kazalarinin azaltilmasi ve dnlenmesi
acisindan ISG egitimleri son derece onemlidir. Ulkemizde endiistriyel calisma kollarina ara eleman
yetistiren Mesleki ve Teknik Anadolu Liseleri ile Mesleki Egitim Merkezlerinin bagli bulundugu
Mesleki Egitim Genel Miidiirliigii 6grencilere ve diger ¢alisanlara ISG egitimleri verilebilecegi
belirtilmektedir [10]. Fakat bu egitimler verilmesine ragmen yillar gectikce is kazalarinin artmasi hem
calisan sayisindaki artis hem de calisanlarin tedbirsiz davranmalari, isteklendirme diistikligi,
deneyimsizlik, bilgi eksikligi gibi nedenlerden dolay1 meydana gelmektedir [1].

5000
4000
3000
2000
1000
0
2015 2016 2017 2018
m Kaynakgilar ve Oksi-Gaz Kesimcilerinde Meydana Gelen is Kazalari

Sekil 1. 2015-2018 aras1 kaynakeilik mesleginde meydana gelen i kazalari [11].

Kaynakgeilar ve oksi-gaz kesimcilerinde 2015-2018 yillarinda 13.560 kaza meydana gelmistir.
2015-2018 aras1 kaynakeilik mesleginde meydana gelen is kazalarinda is géremezlik durumlari Sekil
2’de verilmistir. Bu kazalarin % 50.5’1ik bir kism1 ayn1 giin ¢alisabilecek kaza gegirmis isciler iken, %
33.7’lik bir kismi ise bes giin ve iizeri ig géremez durumda olan iscilerdir.
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Sekil 2. 2015-2018 aras1 kaynakgilik mesleginde meydana gelen is kazalarinda is goremezlik
durumlari [11].

Is kazalar1 sonucunda meydana gelen 6liim oranlari Sekil 3’te verilmistir. 2015’ten 2016 yilina
bir artig varken, 2017 yilinda azalma olmustur. Fakat 2018 yilinda 16 erkek is¢inin hayatin1 kaybettigi
calismalar da 6 kadin is¢i de hayatin1 kaybetmistir. 2015-2018 yillarinda meydana gelen toplam
kazalarin % 0.35’1 6liimle sonuglanmustir.

ADYU Miihendislik Bilimleri Dergisi 12(2020) 34-44



37

T. Teker, D. Gengdogan

20

15

10
) :. I
0 -

2015

2016

W Erkek

2017

Kadin

2018

Sekil 3. 2015-2018 aras1 kaynakeilik mesleginde meydana gelen is kazalarindaki 6liimler [11].

Cizelge 1°de kaynakgilikla baglantili olan gelikten tiipler, borular, i¢i bos profiller ve benzeri
baglant1 pargalarinin imalati, metal yapt malzemeleri imalati, ¢elik varil ve benzer muhafazalarin
imalati, kaldirma ve tasima ekipmanlar1 imalati, gemilerin ve ylizen yapilarin ingasi, demiryolu
lokomotifleri ve vagonlarinin imalati ve ¢ati igleri uygulamalarinda 2015-2018 yillarinda gergeklesen

is kazalar1 ve is kazalar1 sonucunda 6liimler verilmistir.

Cizelge 1. Kaynakeilik disiplini ile baglantili olan i kollarinda gegeklesen is kazalari [11].

o - z
ElE| |2 .
o I < -
- - E | |2
[ ),_' o— K= - - -
i'; g 3 £ 3 E é g
b .-E = L :5 'E < = E=l=] <
= | 852 §E|2ElE |8 |82 =
£ -~ N S § o = 7 S g g e
E| 55El 5|28 |& |2E =
= 2L = =i > = o 4 S =
a = 0 = — p— 3 > > = E
z | c.c| $|TEls |£ |25 5
§1 855 >|5&5 Bz B 2
= E < — | = E = | = o=
| 2| 252 £|25|235 53¢ 8 ¢
— Q I = Q < Sl g2 = <
> L losal =2 |OEIMEOEAE O
v | Kaza 2301 3118 | 178 | 496 | 805 | 253 | 228 | 7379
(—J
| Oliim 2 14 0 1 2 0 8 27
Yiizde (%) 0,08 044 | 0 [020]024| 0 |3,50]| 036
© | Kaza 2301 3267 | 178 | 598 |1205| 303 | 275 | 8127
(—J
| Oliim 10 9 0 2 0 1 6 28
Yiizde (%) 0,43 027 | 0 [033] 0 | 033|218/ 0,34
= | Kaza 2413 3904 | 153 | 711 |2209| 318 | 191 | 9899
c .
N1 Oliim 3 7 0 2 1 0 6 19
Yiizde (%) 0,12 017 | 0 |028(004| 0 |3,14] 0,19
®© | Kaza 2531 4253 | 157 | 752 |3171| 296 | 189 | 11349
c .
N1 Oliim 6 11 0 3 4 0 4 28
Yiizde (%) 0,23 025 0 |039(012| 0 |2,11] 0,24

Cizelge 1°deki veriler incelendiginde toplam is kazalan sayisi yillar ilerledikge artig
gostermektedir. Ama bununla negatif yonde korelasyon goésteren bi¢imde 6liim oranlarinda yiizde
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cinsinden azalma oldugu gériilmektedir. Is kazalar1 oraninda cat1 islerinde diisiik is kazalar1 goriiliiyor
olmasina ragmen Oliimlerin kazalara oranlarinda diger is kazalarina nispeten yiiksek oldugu
goriilmektedir. Dort yil boyunca yasanan is kazalarinda 6liim olaymin hi¢ goériilmedigi ekonomik
faaliyet ise ¢elik varil ve benzer muhafazalarin imalatidir. Bunu takiben dort yillik siirede bir is¢inin
hayatini kaybettigi ekonomik faaliyet ise demiryolu lokomotifleri ve vagonlarinin imalatidir.

Ulkemizde kaynakeilik sektorii ve baglantili oldugu diger ekonomik faaliyetlerde her yil is
kazalar1 meydana gelmektedir ve SGK verilerini inceledigimizde bunlarmm oranlar1 ve kayiplar
goriilebilir. Is kazalarinin temel nedenlerine bakildiginda bunlarin % 44°lik kisminin kisisel
koruyucularin kullanilmamasi, % 37°lik kisminin dikkat eksikligi, % 17°lik kisminin kullanilan arag-
gereclerde yeterli giivenlik onlemlerinin alinmamis olmasindan kaynaklanmaktadir [12]. Iscilerin
calisma alanlarindaki egitim ve bilgi eksikligi, calisma kosullarinin iyi analiz edememeleri de is
kazalarina davetiye ¢gikartmaktadir.

3. Kaynak Uygulamalarinda Karsilasilan Sorunlar ve Giivenlik Onlemleri

Kaynak uygulamalarinda dikkatsizlik, sorumsuz davranma ve teknolojik eksiklik sebebiyle is
kazalarmin yasanmasi ve kaynakciyla birlikte ¢evrede etkilenen kisilerde sorunlarin olmasi
kagmilmazdir. Kaynak uygulamalarinda meydana gelen sorunlarin etkiledigi kisisel durumlara
bakildiginda gozlerde ve ciltte deformasyonlar, yaniklar, kas ve iskelet sistemi rahatsizliklari, akciger
rahatsizliklari, solunum rahatsizliklar1 sik rastlanilan hastaliklardir [9]. Kaynak uygulamalarinda
meydana gelen is kazalarina bakildiginda % 62’si uzuvlar etkilerken, % 40.9’unun kesik ve siyrik
benzeri ciltte olusan yaralanmalar oldugu ayrica yaralananlarin geng ve deneyimsiz ¢alisanlar oldugu
belirtilmektedir [9]. Kita Amerika’sinda yapilan arastirmada % 67 oraninda kazalarin gozleri
etkiledigi, % 21 oranla elbiselerden kaynakli yaniklar sebebiyle kazalar oldugu goriilmektedir [13].

3.1. Kaynakcilarda Solunum

Kaynak isleminin ger¢eklesmesi aninda koruyucu gazlar, yanan elektrod ortiisii ve metal
yiizeyindeki katiklardan kaynakli gaz ve kaynak dumani olugmaktadir. Ortaya ¢ikan duman/gaz yeterli
koruma ve havalandirma eksikligi nedeniyle Onemli sorunlara yol ag¢maktadir. Kaynak dumani
icerisinde bulunan yanmis metaller partikiilleri havadaki O, ile birleserek olusturduklart oksitlerin
pargacik ¢ap1 1 um’ den kii¢iik oldugundan solunumda rahatsizliklara neden olur. Bu duman igerisinde
bulunan krom, nikel, kadmiyum ve arsenik zararli etki ederken; demir, karbon, kalay ise kismen
zararh etkiler gdstermektedir [14].

Sade karbonlu ¢eliklerin oOrtiilii elektrodla ark kaynagi en fazla kullanilan kaynak
yontemlerinden birisidir. Yanan elektrod ortiisii ise ¢ok miktarda kaynak dumani agiga ¢ikarmaktadir.
Kaynak dumani da demir oksit bilesiginden olugmaktadir. Partikiil halinde solunumda yutulan bu
bilesikler akcigerlerde rahatsizliklara neden olur [15]. insan dis1 varliklar iizerinde yapilan ¢alismada
ortilii elektrod ile ark kaynak dumaninin akcigerlere etkisinin daha fazla oldugu gozlenmistir [14].
Ayrica kadmiyum iceren giimils kaynagmda, kadmiyum oksite maruz kalan iscinin piring
kaynakg¢iligindan sonra en fazla akut akciger hasarina ve Oliime neden olan kaynak oldugu
bilinmektedir [15]. Cizelge 2’de kaynakeilikta risk unsurlar1 ve etkileri verilmistir.
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Cizelge 2. Kaynakgilikta risk unsurlan ve etkileri [15].

Risk Etmenleri | Saghk Sorunlar:
Metaller

FeO, Benign pnémokonyoz

Mn Norotoksisite, pndmoni

CdO, Akut akciger hasari

Zn0, Metal duman atesi

Cr Akciger kanseri, allerji

Ni Akciger kanseri, allerji

F Cild irritasyonu, kemikte depolanma
Gazlar

O3 Solunum irritani, astim

NOx Akut akciger hasari

CO Sistemik zehirlenme

Radyasyon

uv Fotokeratit, ciltte eritem

IR Yaniklar, katarakt

Elektrik Elektrik soku, 6lim

Giliriilti Isitme kayb1

Ergonomik Stres | Kas zorlanmalar1

Kaynakgilarda kaynak dumani ve gazinin etkisiyle bir takim pulmoner hastaliklar (Metal
dumani atesi, akut solunum yolu enfeksiyonlari, kimyasal ve hiper sensitivite pnomonisi, akciger
fonksiyonundaki reversibl etkileri, kronik brongit ve akciger kanseri) goriilmektedir. Ayrica
calismalarda kaynake¢1 olmayanlara oranla kaynakei olanlarda akciger kanseri goriilme olasiligt % 30-
40 oraninda daha fazladir [14]. Kaynaklarda kullanmilan koruyucu gazlarin esik degerleri ve sagliga
zararlar1 Cizelge 3’te verilmistir. Cizelge incelendiginde solunan havada bulunmasini en az istedigimiz
gazin ozon gazi oldugunu, en fazla bulunabilecek olanin da karbondioksit oldugu goriilmektedir.
Ciinkii ozon gaz1 etkilerine bakildiginda karbondioksitten daha fazla hastaliga sebebiyet vermektedir.

Cizelge 3. Kaynakta sarf olan gazlar, sagliga etkileri ve esikleri [16].

Kaynakta Sarf Olan Gaz | Saghga EtKkisi Esik (mg/m®)
Karbondioksit Bogulma 9000

. Bogulma, Bas agris1 ve
Karbonmonoksit donemsi, mide de bulant1 >0
Ozon Akciger rahatsizliklar ve 01

solunum yollarinda tahris

Azotdioksit Goz ve akcigerde zarar 2
Fosgen Solunum yollari tahrisi 0.4

Kaynake1 solunumu korunmasi 6nem arz eden bir konudur. Bunun iginde gerekli tedbirlerin
almmasi gerekmektedir. TS 6263’ye gore Sekil 4’teki gibi kaynak toplama davlumbazi kullanilmasi
gerekmektedir. Bunun kullanilamadig1 durumlarda gaz maskesi kullanilarak solunum korunabilir.
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Filtre

Toplama
kutusu

Gozetieme

Hava deligi

o El sokma deligi

Kaynak sehpasi Deney plakasi

Sekil 4. TS 6263’ye gore kaynak davlumbazi [17].

3.2. Kaynakc¢ilarda Goz ve Cilt/Deri

Gozler kaynaktan yayilan 1sinlardan etkilenerek zarar gérmektedir. Arkin olusturulmasi ile
aciga c¢ikan enerjinin % 85’1 1s1 olurken kalan % 15’1 ise 151k olarak yayilir. Yayilan bu igiklarin
olusturduklari radyasyonlar Cizelge 4’te verilmistir. Ozellikle gdziin kaynak almasi diye tabir edilen
ve goziin saatlerce kum dolmus hissi olusturarak agrimasi, bilinen ve sik rastlanilan goz
zararlarindandir. Bu durum kaynaktan yayilan radyasyonun bir sonucu olarak karsimiza ¢ikar. G6ziin
zarar gormesi noktasindan maske/gozlik kullanilmamasi radyasyonun etkilerine maruz kalinmasina
neden olur. Dogal kaynag1 giines olan UV radyasyonu ark kaynaklarinda karsimiza ¢ikmaktadir. 270-
280 nm dalga boyunda etkili olmakla birlikte gozde agri, yanma, gérme bulanikligina neden olur [15].

Cizelge 4. Kaynaktan yayilan 1siklar ve etkileri [13].

Yayilan Isik Isigin Etkisi
Parlak 1sinlar (%60) G0z retinasinda hasar ve kamasmaya neden olur

Gerginlik, ciltte kizarmalar, géze kum
atilmiggasina karincalanma

Gozde yanma, act sulanma, kaginma, gegici
Ultraviyole (Mordtesi) 1sinlar (%10) | gérme bozuklugu, deride kizarma ve kansere
neden olur

Enfraruj (Kizil6tesi) 1ginlart (%30)

Kaynaktan yayilan 1sinlar goz kadar viicudun agik kalan bélgelerinin etkilenmesine neden
olur. Deri kanseri, deride kizarma, yiiziin ve alin bdlgesinin dogrudan 1s18a maruz kalmasi ile balik
pullarimi andira sekilde dokiilmesi buna ornektir. Ayrica asir1 derecede radyasyonlu 1s1ga maruz kalan
ciltte de radyasyon kaynakl1 yaniklarin gériilmesi olasidir. Bunlardan korunmak i¢in gerekli koruyucu
tertibat ve kisisel koruyucu donanim kullanilmasi gerekir. Goziin korunmasi icin kullanilacak
gozliik/maskelerin camlar1t DIN 4647 ve TS EN 169’a gore verilmistir. TS 6263’de de radyasyon igin
koruyucular ve viicudu koruyucu giysiler Sekil 5 ve 6’da verilmistir.

TS EN 12477’ye gore bir kaynak¢min ark kaynaginda kullanacagi eldivenin 100 V’a kadar
asgari elektrik direnci saglamas1 gerektigi ve eldiven tasariminda, i¢inde ve disindaki pargalarin
iletkenlik 6zelligi olmadigina dikkat edilmelidir [18].
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Sekil 6. Koruyucu giysiler [17].

Cizelge 5. DIN 4647 standardi [19].

Akim Siddeti (A) DIN 4647 Numarasi
0-75 10
76-400 11
+401 12
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Gozlerin korunmasi i¢in kullanilacak olan gozliik/maskelerin camlar1 kaynaktan yansiyacak
olan isiklardan korumalidir. TS EN 169 standardi bu noktada kullanilacak gozliikk/maskelerin
camlarimi bir standarda baglamistir. Kaynakei ile kaynak metalinin bulundugu nokta arasinda 50 cm
mesafenin oldugu ve ortalama aydinlatma siddetinin de 100 Ix alindig1 hesaplama ile [20] Cizelge 6 ve
Cizelge 7’de gozlik cam numaralar1 verilmistir. Cizelge 7’deki ‘q’ L/sa cinsinden asetilen debisidir
[20].

Cizelge 6. Farkli ark kaynaklarin gozliik/maske cam numaralari [20].

Magnezyum vb.)
Ark Kaynag ile

Kesim

Elektrodla Ark
Metal Aktif Gaz
(MAG)
(Celik-Bakir vb.)
Metal Inert Gaz
MIG)

Metal Inert Gaz

Kaynak Teknigi
Tungsten Inert
Gaz (TIG)
MIG)
(Aliiminyum-
Plazma ile

Kesme

Amper
Ortiilii

Cam numaralan

10

30 8
40 10
60

70 9
100 9

125 10
10 10 11 10 10

150 11

11 11
175 11 11 12

200 11 12 12

12
225

12 12
250 12 13 13

300 14
350 13

13
400 14
13 14

450 15

500 | 4
600 14

10 9 9

13

13
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Cizelge 7. Oksi-gaz, Oksi-kesme ve Sert lehimleme gozliikk cam numaralari [20].

Kaynakl uygulama
Oksi-gaz ve Sert Siddet q<70 70<q=<200 | 200<q<800 q>800
Lehimleme Numara 4 5 6 7
. Siddet - 900<q<2000 | 2000<q=<4000 | 4000<q<8000
Oksi-kesme
Numara - 5 6 7

3.3. Kaynakcilarda Giiriiltii

Giirtlti kaynak uygulamalarinda diger iki soruna karsinda daha hafif diizeyde karsilasilan bir

durum olmasina ragmen gerekli tedbirler alimmazsa isitme sorunlarima neden olabilecek bir
problemdir. Agir islerde 80 dB ve daha yiiksek giiriiltiilii is yerlerinden kisisel koruyucularin da
kullanimu ile 95 dB giiriiltiiye kadar ¢alisilmasina izin verilmektedir [21]. Kaynak tekniklerinden ¢ikan
giiriiltiiye bakildiginda ortiilii elektrod ile ark kaynaginda 80-89 dB, MIG-MAG kaynaklarinda 85-102
dB’ lik bir giiriiltii duyulur [16]. Yapilan dl¢limler ve belirlenmis esik degerlerden daha fazla bir
giiriiltii olusumuna neden olan kaynak¢ilik uygulamalarinda kulak tikaci, kulaklik kullanilarak
giiriiltiiniin etkileri soniimlenebilir.

4.

1.

Sonuclar

Tiirkiye’de kaynakeilik ve oksi-gaz kesimcilerinde 2015-2018 yillarinda is kazalar1 % 66.4’liik
oranla artmigtir. Bununla birlikte 6liim olaylar1 da goriilmiistiir.

. Kaynakeilikla baglantili ig kollarinda is kazalar ve oliimler goriilmiistiir. Ayrica is kazalarinda ayni

giin ¢alisma orani ile bes ve daha fazla giin is goremez oranlar1 diger durumlara karsin daha
fazladir.

Kaynakgilarda goriilen solunum ve goz/cilt rahatsizliklarinin nedenleri arasinda yeterli koruyucu
donanim kullanilmadig1 goériildiigiinden TS 6263’ye gore havalandirma, radyasyona kars1 géz ve
yiiz koruyucular ile koruyucu giysilerin standartlari belirtilmistir.

. Gozlik/maske camlarinin DIN 6263 ve TS EN 169 standartlarina gore segilmesi gerektigi dnem

tasimaktadir.
Agir islerde 80 dB ve yiiksek giiriiltiilii islerde 95 dB’le kadar ¢alisilmasina izin verilmistir.
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ABSTRACT

Panel radiators are commonly used as heating elements with water as fluid. In this study, the different fluid is
added to installation as mixed with water. Propylene glycol, which has lower freezing point value and non-toxic
impression. Numerical analysises are completed by CFD method which has independence of grids to provide
reasonable results. Firstly, 1x0.6 m. panel radiator which uses the 100% water as internal fluid has been analysed
by numerically and then, the fluid has been changed as 10% propylene glycol and 90% water and numerical
analysis has been realized under same conditions. Both scenarios have same inlet velocity as 0.0335m/s for the
comparing affection of Propylene glycol involvement. When the additive is involved in the water the thermal
distribution is more homogenous. However, pressure loss value is increased about 43% for the mixed fluid
scenario. Eventhough, the heat transfer performance is found less about 12% than pure water. Involvement of the
additive provides better thermal comfort via distribution of the homogenous heat and lower freezing point. Lower
freezing point is important for living areas, which aren’t used frequently durng the winter

Keywords: Panel radiators, Heat transfer performance, Propylene glycol, Thermal distribution

PANEL RADYATORLERE AKISKAN OLARAK PROPILEN GLViKOL
EKLENMESININ ISI TRANSFER PERFORMANSI VE ISIL DAGILIMA
OLAN ETKIiSININ SAYISAL ANALIZi

OZET

Panel radyatorler giiniimiizde ¢ogunlukla su akiskaniyla birlikte kullanilmaktadir. Bu ¢alismada; radyatdr igerigine
suya ilave olarak, donma noktas: diisiikliigii ve zehirli olmamasindan dolay: belli oranda propilen glikol
eklenmesinin 1s1 transferi ve 1s11 dagilim performansina etkileri incelenmistir. {lk senaryoda 1x0.6 m. boyutlarinda
olan panel radyatore %100 su eklenerek, hiicre sayisindan bagimsiz olarak sayisal analizler gergeklestirilmistir.
Ikinci senaryoda aymi parametreler altinda, ic akiskan %90 su ve %10 propilen glikol olacak sekilde sayisal
analizler gerceklestirilmistir. Panel radyatore akiskan giris hizi, her iki senaryoda ayni olmak kosuluyla 0.0335
m/s olarak tanimlanmistir. Yapilan ¢aligma sonucunda, karigimli akiskanin eklendigi panel radyatdrde 1sil
dagilimin daha homojen oldugu gozlenmistir. Ayrica, karisimli senaryoda basing diisiisii %43 artis gosterirken 1s1
transfer performansinin ise saf suya gore %12 daha diisiikk oldugu anlagilmistir. Bu sonuglara ragmen, karisiml
senaryonun 1s1l dagilimin homojen olmasi sonucunda kullanim mahallerinde daha konforlu 1sinma sunacagi ve
diistik donma sicaklig1 sayesinde, kisin daimi yasanmayan konutlar i¢cin daha kullanigh oldugu diisiiniilmektedir.

Anahtar Kelimeler: Panel radyatorler, Isi transfer performansi, Propilen glikol, Isil dagilim
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1. Introduction

Panel radiators have been mainly preferred to heating for big areas and individual places to
transfer boiler energy directly this places. efficiency of the panel radiators are so crucial for the heating
system, therefore convector sequence and total heat transfer surface area affects directly transferred
energy. In order to increase thermal performance and distribution, alternative fluids may be considered
as additionally with water. In the solar systems ethylene glycol is commonly used like auto engines to
prevent freezing during the winter. But propylene glycol is as well evaluated that is less non-toxic than
ethylene glycol, however, it is more expensive but has superiorities for the human health. If the
propylene glycol is added to water with ratio of 50% freezing point of the mixed fluid is -33°C. [1]

The aim of this study, testing propylene glycol as an additive with 10% ratio, with mixed water
of the panel radiator, and mixed solution thermal distribution and performance has been compared with
common full water 100% systems. The reason of the propylene glycol selection is, being more
appropriate for human health than ethylene glycol and has same affection on decreasing the freezing
point of the water which is advantageous when the home or heating area are not used throughout the
winter time by the members [1].

Altuntop, made an academic study, which compares physical and thermal properties of ethylene
and propylene glycol fluids. Both fluids are used to decrease freezing point of water when they are used
as additive. Although both of them have same thermal properties, it is mentioned about hazardous
features of ethylene glycol for the human health especially for using it in solar water heating systems,
in case it combines the used-water. Due to having less non-toxic and harmful features, propylene glycol
usage is recommended instead of ethylene glycol even it is more expensive. The water of the
installations aren’t changed frequently unless any leakage or defect is not happened on the systems [1].

Yiven, Zishuai and the others, made a comparison between radiator varieties about thermal
performance and efficiency whose types are cast-iron radiator, steel radiator and copper-aluminium
radiator. Radiator sizes and flow conditions are adjusted identical and for the simulation, the software
which is named as DeST-h is used. According to results, it is understood that cast iron radiator is found
better than cooper aluminium type about thermal performance [2].

Embaye and the others made an academic study about investigating effect of pulse flow input on
the energy for the panel radiators. A panel radiator which has 0.5 x0.3 m dimensions have been analysed
by numeric method by CFD method with Comsol software, and the results show good agreement with
the literature, only 2.14% deviation is found. Water inlet velocity value is increased to 0.05 m/s than
0.035 m/s with pulsed flow. These two scenarios are analysed under same conditions; it is investigated
that thermal performance of pulsed flow scenario is increased about 20% than existing one. These results
prove, pulse flow behaviours have good advantages for inlet fluids of the panel radiators. [3].

Yilmaz, made an analytic analysis thermal affection about using polyurethane insulation plate on
the building wall where panel radiators are assembled this surface. Heating capacity is calculated for the
building, when the wall in uninsulated, the heat transfer from the wall to atmosphere is calculated that
197.7 Watt energy is transferred to atmosphere from the wall, if the wall is insulated by polyurethane
plates under same conditions, the heat transfer value is calculated as 75.6 Watt. In conclusion, involving
on the wall the polyurethane insulation panel, the heat loss is decreased about 61.7%. It is emphasized
that insulation is so crucial to sustainability of the energy resources. [4].

Kilig and the others, made an analytical and numeric analysis on the common panel radiator in
order to develop more compact, all calculations were done compatible with EN 442 and Fluent is used
for CFD analysis. Consequently, about thermal performance they found 5% deviation between the
results and for the both calculations, it is investigated that thermal and temperature output have good
agreement with experimental data [5].
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Kibar, has an academic study about panel radiator performance analysis in the mosques numerical
with CFD software. It is assumed inlet temperature of the radiators 60 °C and the mosque are dimensions
are 20x20 m, height is 29.5 m, the system. As a result of this study, after 1 and 1.5 hours, it is investigated
that heated air is rised higher than 2 meters, therefore, it is understood that, using panel radiators are not
appropriate solution for the mosques [6].

2. Material and Method

Panel radiator is firstly analysed with the pure water as ratio of 100% fluid, accordingly propylene
glycol is involved the internal fluid and the results are compared.

In Figure 1, the panel radiator 1 m length and 0.6 meter height is shown. The inlet fluid temperature is
adjusted 75 °C which panel radiators are so efficient under these conditions.

Wttt TR FT R R IR R TR RN AN AN AR AR AR N NNNANNANT

Figure 1. Panel radiator (1mx0.6m)

2.1. Theory

Analytic analyses are considered for the cyclindiric pipes of panel radiator as a simple view. In
the numerical analyses the flow is assumed as steady state and non-compressible form. Between the first
and second scenario; particularly the kinematic viscosity has difference properly due to adding
propylene glycol. All the theory have crucial inputs for the numerical analysises.

Re = —— @Y

Re, V, Dy, 9 are the Reynolds number, velocity, hydraulic diameter and kinematic viscosity.
Reynolds number defines flow characteristic as laminar or turbulent. Based on the characteristic, Nusselt
number equation is changed. When the Reynolds number is smaller than 2300 for the inlet flow, the
flow region is laminar. The equation 2 is shown below. [7]

Dy 1
Nu = 1.86(Re Pr 7)3 2
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Nu, Re, Pr, Di, L are Nusselt number, Reynolds number, Prandtl number, inlet diameter of the pipe and
length of the pipe respectively. When the Reynolds number is between 2300 and 10000, the flow
characteristic is transient and Nusselt number is found as indicated equation 3.[7]

2 1
Nu = 0.116 (Res — 125) Pr (3)

When the Reynolds number is bigger than 10.000 the characteristic is turbulent flow, Nusselt number is
found as indicated equation 4.

Nu = 0.023Re’8pr™ 4

€9..99

n’’ is a number which is assumed related with temperature of the fluid is increased or decreased. If the
temperature is increased n=0.4, if the temperature is decreased n=0.3. [7]

The friction factor (f) is found in purpose of analysing inlet flow pressure loss. But the formula is
changed based on the flow characteristics. The equations are shown as follows.[7]

_ 64 5)
f= Re
1
f =0.3164Re 4 (2300 < Re < 10°) (6)
f =0.0032 + 0.221Re~%237 (10° < Re < 108) (7)

The equation 5 is used when the flow is laminar which means Reynolds number is smaller than 2300,
Equation 6 is used when the flow is transient, and equation 7 is used when the flow is turbulent. Pressure
drop down during the flow is calculated the formula as shown equation 8. [7]

L Vm?
AP=15P—

(8)

AP, f, L, D, p, Vm is pressure loss, friction factor, length of the pipe, diameter of the pipe, density of
the fluid and average velocity of the fluid. Related with difference inlet and outlet pressure of the fluid.

In the defined radiator the flow is sustained in the cyclindiric circular pipes. The numerical
analysises are verified by continuity, energy and momentum equations.

The flow is simplified in the circular pipes of the panel radiators under cyclindiric coordinates.
The continuity equation in the radiators is indicated in the equation 9 as follows.[7]

1 a(TU,-) 1 a(UB) a(Uz)
T or v ae T oz 0

In the equation, U is the velocity and subscripts refer to direction of the r, 6, z coordinates.

)

The energy equation of cyclindric coordinates are indicated for r, 0, z directions, in equation 10.
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The momentum equation is derived for the each directional coordinates of r, 6, z coordinates in
the equation 11,12 and 13 as follows. In the equation 11, the momentum conservation equation is
presented for “’r direction’’ as the incompressible fluid assumption.

U _ —_
0t+r6r+r66‘ r+zaz

<6Ur U, UydU, Uy? OUT>

2 12 902 12 96 d0z2

oP 10/ aU U, 1 9%U 20U, 0°%U
( 9) 2] 0 T 9] 1)

=‘§+P99+”[;a "o

In the equation 12, the momentum conservation equation is presented for > 6 direction’’ as the
incompressible fluid assumption.

U —_
6t+r6r+r69 r+zaz

<6Ur U, UydU, Uy? aUr>

apP

=—§+P99+M[;a

10 ( aUg) Ug 1 aZUg 2 OUT aZUg]
r— — — — —
ar

(12)

2 12 962 12 90 @ 0z2

In the equation 13, the momentum conservation equation is presented for ©* z direction’’ as the
incompressible fluid assumption.

ot YUy T 90 TV,

<6UZ au, Uydl, GUZ)

apP

=_§+pgz+ﬂ[

19/ aU, 102U, 192U, 02U,
19,30y 190, 10, 3
ror\ or r2 002 r? 962 0z2

In the equation 11,12 and 13; U,P,p, p and g refers; velocity, pressure, density, dynamic viscosity
and gravity values of the fluids for the each coordinates, which are expressed as subscripts.

2.2. Numerical Anaylsis Method
Water and propylene glycol physical and thermal properties are shown in Table 1. All data are

defined for the numerical analysis definition. Mixed fluid properties are calculated by interpolation
based on the ratios.
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Table 1. Physical and thermal properties of water and propylene glycol.[8]

Material (kgjm-”) (J/IZK) (W/l;izK) (KglL/lms)
H,0 977.8 4189.5 0.6663 0.000404
CuHLO, 1040 2533 0.2006 | 0.0058336
90%H,0+10%C;HsO; | 983.002 |  4023.85 0.596 0.004035
Panel -DCO1 2700 505 16 -
Convector -DCO01 2700 505 16 -

For the both scenarios, analysis made under the same conditions due to make the optimum
comparison. Both fluids temperature and velocity inlet parameters are indicated in Table 2. Values are
identical.

Table 2. Fluids temperature and velocity values

Fluids Ti(°C) Vinet (m/s)
100% H,O 75 0.0335
90% H,0 +10% C;Hs05 75 0.0335

The Numerical analysis boundary conditions are shown in Table 3, all of the parameters are
identical for both scenarios. Panel radiators are located same geometry and located 20 °C constant
temperature ambient conditions. The viscos method is selected as realizable k- € model as a result of
having superiority for the spinned and opposite pressurized gradients. [9] Mesh optimization was
performed, and the results are checked whether the mass flow is identical or not to validate the method
and findings.

Table 3. Boundry conditions of numeric model

Model Adjustments
Type 3D
Time Steady state
Viscos Realizable k- & model
Heat Transfer Enabled
Freezing or Melting | Disabled
Radiation Disabled

For the both scenarios, the same model is used because only changing the fluid characteristics.
In Figure 2, the model is indicated. Inlet and outlet pipes are enlarged due to providing rather

homogenous fluids of the mixture.
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Fluid input

Fluid output

Figure 2. Panel radiator model and fluid input and output points

The numerical analysis must have independence from grid quantities in purpose of providing
stable results which have good agreement with real circumstances. Therefore, mesh quantity is defined
for the both scenarios based on water outlet temperature. In Figure 3, mesh optimization is shown. As it
is seen, within 20 million mesh quantity till 25 million, water outlet temperature of the panel radiator is
found same value. It proves at least mesh quantity should be 20 million. Consequently, 21 million mesh
quantity is defined for both scenarios to make homogenous solution with optimum solution time for the
most convenient comparison.

71,50
- 71,00
(%)
70,50 \
70,00 \
69,50 \
9,00 \
68,50

68,00
67,50
67,00
66,50

Water Temperature Outlet(®

5 o 15 20 21 25
Mesh Quantity [Million)

Figure 3. Mesh quantity definition

After ensuring results of the analysis are not related with grid quantity. Grid structure is created and
implemented as indicated Figure 4.
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Figure 4. Grid structure of the model

The CFD analysis is completed for both scenarios under same condition and parameters. Velocity,
Pressure and Temperature contours are compared for both scenarios. Fluid thermo-physical properties
are different, therefore it is expected to find pressure contours difference and focus on temperature
contours modifications in order to understand propylene glycol impression on heat distribution. All
solution limitations are adjusted to same values to investigate differences obviously via colours.

Velocity contours under same limits, for both scenario are shown in Figure 5.

: f [
- i il i
0.000e+000
[m s*-1]
: =4

(a) (b)
Figure 5. Velocity contours: a. 100% Water fluid, b. 90% Water +10% Propylene glycol fluid

Based on the velocity distributions, major affection couldn’t be investigated which comes from

the additive utilisation. Pressure contours under the same limits, for both scenarios, are shown in Figure
6.
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(a) (b)
Figure 6. Pressure contours: a. 100% Water fluid, b. 90% Water +10% Propylene glycol fluid

Based on the results about the pressure contours, It is investigated pressure of the fluid is
increased with additive affection. Pressure loss between, inlet and outlet fluids are variable. It is
supposed, this difference may be come from flow characteristics change of the fluids, because of
changing viscosity change by additive.

Temperature contours under same limits, for both scenarios are shown in Figure 7.

*HHIH

I

(a) (b)
Figure 7. Temperature contours: a. 100% Water, b. 90% Water +10% Propylene glycol fluid

It is found that the temperature of the fluid is more homogenous for the channel pipes due to
additive affection. even, it is added only 10% ratio, panel surface has nearly same temperature
distribution is more superior than pure water fluid under identical conditions. but this issue doesn’t
depend on heat transfer performance like outlet temperatures of fluids.

3. Conclusions and Suggestions
Numerical analysis are realized by Fluent software for both scenarios. The affection of the propylene
glycol has been researched and investigated with pros and cons. Even, it is added with 10% ratio of all

mixture, the difference is noticed easily from pressure and temperature contours. Values are indicated
in Table 4.
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Table 4. The results of the numerical analysis for both scenarios

Mixture Concentration AP (Pa) T; (K) T, (K) qQ’ (W/m?)
100%H-,0 6.16 348.0 341.098 752
90%H,0+10%C3H;30; 8.81 348.0 341.897 638

It was found out when the additive is involved the water pressure loss is increased about 43%
This change may come from viscosity significant difference between the fluids. Heat transfer
performance of pure water is more about 12% than the mixed version. However, by additive both
freezing point is decreased, and heat distribution is more homogenous than pure water that is
investigated from thermal contours. The main reason of the thermal performance loss may be having
less thermal conductivity of the additive than water. In conclusion, alternative fluids which are non-
toxic and have more thermal conductivity than water may be performed and evaluated by their utilisation
for these sort of systems. Even, heat transfer performance loss may be neglected due to having
homogenous thermal distribution and decreasing freezing point for the domestic internally heating
systems. By this additives, radiators can present more comfortable heating and the fluid makes the
installation more safe for the freezing , when the owners leave it temporarily during the winter. These
alternative additives should be researched to increasing both performance and life time of the installation
with appliances. The scenarios will be extended about mixing ratio of fluids for the next studies in
purpose of analysing parametric values widely.
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