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OZET

Cam elyafi, kompozitlerin mekanik 6zelliklerini artirmak i¢in kullanilan en popiiler takviye elemanidir. Filament
halde iretilen cam elyafini, kirpilmis cam elyaf formuna doniistiirme esnasinda yiiklii miktarda atik cam elyaf agiga
¢ikmaktadir. Bu ¢calisma melamin matrisli kompozitlerde atik cam elyaf tozunun kullanilmasi iizerinedir. Sicak pres
yontemiyle tiretilen atik cam elyaf tozu takviyeli melamin kompozit numunelerin ¢cekme dayanimi, egilme direnci,
Ozgiil agirligr ve darbe dayanimi Olcililmiistiir. Test sonuglari kompozit malzeme iiretiminde kullanilan takviye
elemaninin fiziksel formunun son liriin karakteristigi iizerinde ¢ok dnemli bir etkiye sahip oldugunu gostermistir.
Numunelerin 6zgiil agirhigmin, kompozitteki atik cam elyaf tozu takviyesi orani arttik¢a yiikseldigi gorilmiistiir.
Ozgiil agirlik sonuglarindaki bu degisim, melamin matrisin sicaklik ve basing uygulamasi sonucunda takviyeli ve
takviyesiz numunelerde yeniden diizenlenmesinden ve takviyeli numunelerde atik cam elyaf tozunun isiya karsi
duyarliginin melamin matrise oranla diisik olmasindan kaynaklanmaktadir. Atik cam elyaf takviyesinin ¢ekme
dayanimmi ve darbe dayanimim sirasiyla %30 ve %20 ye varan oranlarda artirdigi ancak egilme dayanimim
yaklasik %50 ye varan oranlarda diisiirdtigii tespit edilmistir.

Anahtar Kelimeler: Atik cam elyaf tozu, kompozit, melamin, mekanik 6zellikler, darbe dayanimi
ABSTRACT

Glass fiber is the most popular reinforcement material for improving mechanical properties of composites. While
tranforming glass fiber filaments to chopped ones, too many waste glass fiber exists. This paper deals with waste
glass fiber powder usage in composites with melamin matrix. Tensile strength behaviour, bending resistance,
specific gravity and impact resistance of samples were analysed. Results showed that physical form of reinforcing
agent in composite mixture was very important in characteristics of end products. Specific gravity of samples
increased by increasing amounts of waste glass fiber powder in composites. This change in specific gravity is
related with rearrangement of melamin matrix by hot pressing method and high temperature resistance of waste
glass fiber powder to heat than that of melamin matrix. Thereto, waste glass fiber powder reinforcement enhanced
the tensile resistance and impact strength of composite up to 30% and 20%, respectively. Addition of waste glass
fiber powder lead to sharp decrease in bending resistance, approximately 50%.

Keywords: Waste glass fiber powder, composite, melamine, mechanical properties, impact resistance
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INTRODUCTION

The term “composite” refers to a unique novel material constituting from various components with different
morphological and functional characteristics. In a composite structure, the components of a composite do not
dissolve within each other or bond each other with atomic forces. The aim of composite manufacturing is
enhancement of a definite characteristic according to demands of usage areas (Soy, 2009). In composites,
reinforcing material behave as supplementary unit improving mechanical performance of system whereas matrix
material has a role of preventing system from external influences. Briefly, the components should compensate each
other. Thereby, suitable matrix and reinforcing agent usage has a critical effect on mechanical and morphological
properties of system. Also, manufacturing technique and conditions determine the firmness of composite structure
by means of coherence between components (Rosato, 1997; Ulcay, Gemci & Akyol, 2002).

In fiber reinforced composites (FRC), manufacturing technique has a crucial effect on mechanical performance.
Heavy industrial manufacturing conditions, such as; cutting or punching, are not noticable for these composites due
to the risks of decomposition for continue synthetic filaments and untwisting for natural fibers. Because of various
behaviours of textile materials, mechanical characteristics can differ under unsuitable production conditions
(Philips, 1989). Besides, fiber diameter, generally between 7-100 pum, and concentration of reinforcing are
important parameters for FRCs. Fiber concentration, an easily controllable parameter, is a manufacturing variable
effecting composite behaviour chiefly (Agarwall, Bioutman, & Chandrashekhara, 2006). For manufacturing of
FRCs, different types of glass fibers are known as the most versatile reinforcing material used to gain excellent
properties to composite (Sahin, 2000). Over 90% of glass fiber reinforcements are done by E-type glass fibers in
forms of filament bundles, chopped fibers or woven fabrics due to its lowest manufacturing cost among all
commercially available glass fiber types in traditional applications, but not in special fields (Wallenberger, Watson
& Li, 2001; Mallick, 1993; Callister, 2006; Hull & Clyne, 1996). Following studies have been performed on
manufacturing of composites with different forms of glass fiber. Valasek and Miiller (2013) studied on glass
powder reinforced epoxy composites and they reported that glass powder inclusion reduced impact strength but
increased wear resistance. Ku and Wong (2011) measured tensile strength behaviours of glass powder reinforced
epoxy composites were measured and they claimed that glass powder was not a suitable filler and fractured
surfaces were obtained. Ku and Wong (2012) tested mechanical properties of glass powder/vinyl ester composites
and test results showed that strength of composites was less than neat matrix materials. Sonsakul and Boongsood
(2017) produced glass fiber and glass scraps powder reinforced polyester composites and mechanical properties of
composites such as impact resistance, tensile strength and flexural strength; reduced with powder reinforcement as
oppose to fiber strengthening. Bhaskar and Srinivas (2017) examined mechanical properties of polyester matrix
reinforced with different forms of glass fiber products such as chopped strand mat or woven rovings and they
obtained that mechanical properties of chopped strand mat/polyester composites had better mechanical
characteristics than those of woven rings reinforced polyester composites. Lee and Park (2017) studied on
application of silane coupling agent treated chopped fiber in undulated regions of glass fiber fabric/PVVC composite
and they reported that each of the mechanical properties was differently affected. Nayak and Heckadka (2018)
manufactured chopped strand E-glass fiber mat reinforced CNSL-epoxy composites by hand lay-up technique and
they found that tensile and flexural properties of composites improved with increase in fiber content.

Thermoset polymers are commonly used as matrix element in conventional FRCs. Without heating and high
pressure application, they have viscousic or processable structure which make possible to have homogeneous
mixture handling with fibers. When they are exposed to heat or X-ray treatments, a three dimensional network
occurs and decomposition is impossible under normal conditions. Due to firm network they gain, the composites
produced from thermosets have high temperature resistance, good resistance to solvents and high dimensional
stability (Trantina & Mimmer, 1993; Gibbons, 1998). Amino thermoset resins, urea formaldehyde and melamine
formaldehyde, are chemically obtained from thermoset polymers and they are especially preferred for
manufacturing of multi-partial composites because of their fast response to heat treatments. Despite of their
structural similarities, they show different characteristics. Melamine formaldehyde resins supply desired demands
due to excellent insulation properties, good resistance to scratching, high abrasion coefficients and easily
cleanability for both indoor and outdoor applications (Sahin, 2006; Pizzi, 1994; Ripperger, 2005; Harper, 2002).

In composite manufacturing, glass fibers are generally used in forms of chopped, filament and mat. While cutting
glass filaments for handling chopped glass fibers, huge amount of waste glass fiber exists. Pre-mentioned studies
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have been performed on different types of thermoplastic/thermoset matrix reinforced with glass filament, glass mat
and chopped fibers or thermoplastic matrix reinforced with glass fiber powder. This study deals with utilization of
these wastes and examination the effects of waste glass fiber powder reinforcement on mechanical properties of
thermoset matrix, namely melamine matrix. In this study, waste glass fiber are sifted and waste glass fiber powder
is added into melamin matrix by 0%, 3%, 5%, 7% and 10 % in w. Waste glass fiber powder reinforced melamin
composites are produced by hot pressing method. Bending resistance, tensile strength, specific gravity and impact
resistance of samples are tested. Test results are compared with 100 % melamine reference samples produced with
identical processes.

MATERIALS AND METHODS
Material

Melamin formaldehyde powder (126.12 g/mol) with density of 1.52 g/cm® was supplied from Ozgiil Melamin.
Waste glass fiber (WGF) was obtained from Cam Elyaf Inc. Specifications of WGF is listed in Table 1.

Table 1. Properties of Waste Glass Fiber (WGF)

Variables E-type glass
Diameter Residue from chopping of various glass fiber bundles having 9-13 pm diameter
Density 2.54 gr/icm®
Particle size 300-400 mesh
Method

WGF was sifted with a coarse screen of 1 um. Impurities such as; glass residues and glass pellets were removed
and waste glass fiber powder (WGFP) was dissociated. Sieving process is shown in Figure 1.

waste glass

fiber powder (WGFP) impurities

Figure 1. Removing of Coarse Impurities in Waste Glass Fiber

Previously prepared moulds were used to manufacture end product. By considering the tests to be performed, two
different moulds had to be chosen because dimensions of samples-especially thickness- determined in
corresponding standards were different (ASTM 792; ASTM 3039; 1SO 178; ISO 180). WGFP was added into
melamin with 3%, 5%, 7% and 10 % in vol and blended via a mechanical stirrer. These blends with different
concentrations were then molded by hot pressing technique. Manufacturing process is shown in Figure 2 and
process parameters of hot pressing are given in Table 2.
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(@)
Figure 2. Manufacturing of Waste Glass Fiber Reinforced Melamine Composites; (a) mixing, (b) hot pressing, (c)
melamine composite products pressed by moulds with a thickness of 2 mm and 4 mm

Table 2. Preparation and Production Conditions

Preparation of mixture Hot pressing

Speed 250 rpm Pressure 210 bar

Period 30 min Pre-moulding 10°C
Scouring 25°C
Final moulding 45°C

Temperature 23+2°C Upper mould temp. 168 +£2°C
Bottom mould temp. 136 £2°C

Equipment Mechanical stirrer Alpha hydrolic press (500 tonnes)

Test Procedure

Products having different thickness were cut with spiral gear according to the dimensions reported in each standard.
From the products having 2 mm thickness, 20 mm x 20 mm x 2mm and 25 mm x 250 mm x 2 mm samples were
prepared for specific gravity and tensile strength testing. Specific gravity was calculated according to formula given
in ASTM 792 standard after determining density of samples. Tensile strength testing was performed according to
ASTM 3039 standard. For tensile testing, samples were compressed with sand paper between vertical jaws of
Zwick Roell Universal Test Device for preventing slippage and test was performed with working speed of 2
mm/min and jaw distance of 140 mm. To the samples from the products having 4 mm thickness, impact resistance
and bending strength were performed according to ISO 178 and I1SO 180 standards, respectively. Composite
samples with 10 mm x 80 mm x 4 mm dimensions were exposed to bending forces with working speed of 2
mm/min and span distance of 60 mm via 5 tonnes Zwick Roell device. 1zod impact resistance testing was applied to
10 mm x 80 mm x 4 mm unnotched samples and results were determined via Zwick Roell HIT5.5P impact
resistance device. Tests were proceeded at room temperature under normal conditions.

Figure 3. Preparation of Samples with Different Dimensions According to Test Standards
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RESULTS AND DISCUSSION
Specific Gravity

Average values of three samples for different composites are illustrated in Figure 4. Density of melamine in powder
form and hot pressed 100 % melamine sample were 1.52 g/cm?® and 1.844 g/cm?, respectively. Specific gravity of
100% melamine sample was determined as 1.849. Specific gravities of composites were higher than reference
sample and 10% reinforcement lead to a distinct increase in specific gravity. Average specific gravity of 10 %
WGFP composite was calculated as 2.062.

2.1
2035 —t

2 —
195 ~

1,9 /
1,25 //
1,2

1,75
1.7

Fravity

specific

100 % melamine 3% WGEFP 3% WGEP % WGEFP 10% WGEP

Figure 4. Specific Gravity of WGFP Reinforced Melamine Composites

The composite material was manufactured from components with densities of 1.52 g/cm?® for melamine and 2.54
g/cm?® for WGFP. By means of specific gravity, it is seen that hot pressing technique lead to increase in specific
gravity of neat melamine. In composites, increase in WGFP percentage in unit volume caused a relatively linear
increase in specific gravity. Average specific gravities of samples were 1.923 for 3% WGFP, 2. 01 for 5% WGFP,
2.04 for 7% WGFP and 2.06 for 10% WGFP reinforced composites. Whereas increase in amount of reinforcing
material refers to decrease in amount of matrix material in whole composite. This case resulted that volume of
melamine matrix were gradually altered by manufacturing parameters of hot pressing for WGFP reinforced
melamine composites and WGFP addition affected total weight of composite material than volume. Bhatti and
Farries (2000) report that densification rate is significantly retarded in hot pressing of fiber reinforced composites
because matrix particles are being rearranged and flowed between fibers but fibers are not as sensitive as matrix
element under same manufacturing parameters such as; pressure and temperature.

Tensile Strength

Tensile strength and young modulus of samples are illustrated in Figure 5 and Figure 6, respectively. Average
tensile strength of reference sample was measured as 44.06 MPa. WGFP reinforcement improved tensile resistance,
especially on 3% addition. Composites containing 3% WGFP had the highest resistance to tensile loading and
average resistance was determined as 56.73MPa. Tensile resistance of 3% WGFP reinforced composites were
nearly 30% higher than that of reference sample. Increasing the amount of reinforcing material in composite caused
decrease in tensile strength but all samples had nearly higher strength than that of reference sample. 10% WGFP
reinforcement had the lowest resistance among all other composites and it was calculated as 44.10 MPa, nearly
same as reference sample. Ku and Wong (2011) studied on tensile strength behaviour of glass powder (0-35% in
w) reinforced epoxy composites and they reported that 5% reinforcement showed the highest tensile resistance than
those of neat matrix and/or other composite samples and decrease in tensile strength was the result of increasing
particulate loading. In fiber reinforced composites, textile fibers transfer applied forces along their lengths, makes
composite more ductile and contribute total resistance of composite. In this study, WGFP is particular in form and
does not behave as fiber. Thereby, increase in fiber loading does not cause linear increase in tensile behaviours of
composites.
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Figure 5. Tensile Stress-Strain Curves of Samples

The Young's modulus which is denoted as E is a measure of the stiffness of a material within the elastic limit. It
was seen that young modulus of all samples were higher than that of reference sample. In 3% reinforcement, there
was a consistent correlation between tensile strength and young modulus but not in samples with 7% and 10 %. It
was experimentally measured as 1766.83 MPa for 3%. Some researchers reported that unconsistent correlation
between tensile strength and modulus caused by the development of void in the composite and poor fiber-to-fiber
interaction at high fiber concentration (Biswas, Deo, Patnaik & Satapathy, 2011; Adekomaya & Adama, 2017).
Inconsistence between tensile strength and modulus at high WGFP concentrations is result of poor interaction due
to particulate loading of glass powders and inert characteristic of WGFP to meufacturing heat.

tensile strength (MPa)  ——young modulus (MPa)
60 2000
P - 1800
50
- 1600 =
20 | 1400 =
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30 — 1000 3
o
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10 400 >
- 200
0 0
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Figure 6. Young Modulus and Tensile Strength of Samples
Three Point Bending Test
Average young modulus of melamin samples was calculated as 26653.76 MPa. Test results demostrated that

composite structures tend to bend easily under low bending forces. WGFP reinforcement caused a sharp decrease
on flexural resistance. Besides, young modulus of all samples were lower than that of 100% melamine. The flexural
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behaviours of composites were not enough to overcome bending forces. Average flexural strength for 100%
melamin was measured as 155.26 MPa. For composites, the highest and the lowest average values were 83.67 MPa
for 3% and 73.09 MPa and for 7% waste glass fiber powder contents. In Figure 7 and Figure 8, it is neatly observed
that there is a comparative correlation between flexural resistance and elastic modulus.

mmm flexure strength (Mpa) strain (%)

180 0,9
160 0,8

140 - 0,7
120 0,6
100 0,5
80 0,4
60 0,3
40 0,2
20 0,1
0 0

100 % %WGFP 5 %WGFP 7 %WGFP 10 %WGFP
melamine

strain (%)

flexural strength (MPa)

Figure 7. Flexural Stress-Strain Curves of Samples

Following studies stated that fiber length and interfacial bounding had crucial effect on flexural properties of
composites. Omid and Venus (2012) investigated bending characteristics of glass fiber reinforced composites by
three poing bending test. They reported that maximum fracture load of specimens increased with decreasing fiber
lengths (p < 0.001) and fiber-containing group showed significantly higher fracture load than fiberless groups. Ku
and Trade (2010) and Ku and Wong (2012) studied on bending properties of glass powder reinforced composite
and they investigated that optimum powder concentration should be determined for different matrix elements for
having higher flexural strength and modulus due to possibility of imperfection in interfacial bounding between
matrix and reinforcing agent. Flexural fracture in WGFP reinforced composites is related with form of
reinforcement material. WGF particles are not able to transfer flexural loading transmitted from melamine matrix
and flexural fracture is observed even in melamine composites reinforced with WGFP at high concentrations.

young modulus (MPa)  ——flexure strength (Mpa)
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Figure 8. Young Modulus and Flexural Strengths of Samples
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Impact Resistance

100% melamine samples absorbed 63.11 J/m energy to fail under impact loading. It was resulted that adding more
reinforcing material into composite material decreased the impact resistance, as shown in Figure 9. Particulate
loading of WGFP made composite more brittle at higher concentrations. Impact resistance of 3% WGFP containing
composites was higher than reference sample, experimentally measured as 75.99 J/m. With 3% WGFP
reinforcement, impact resistance of composite increased up to 20 %. Nuruzzaman and Ikbal (2016) and Kusaseh
and Nuruzzaman (2018) reported that increasing fiber content in composite induced ductile to brittle transition
behaviour and composite material tend to have less tough characteristic.

—#— Impact resistance {J/'m)
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Figure 9. Absorbed Energy during Impact Testing
CONCLUSION

Reusing or evaluating of waste materials is of great importance for environmental conditions. Composite
manufacturing presents an opportunity for evaluation of waste in different ways. During chopping of glass
filaments, huge amount of waste glass fiber exist and this output is considered as useless material. In this study,
waste glass fiber is sifted and glass fiber powder is used for reinforcing melamine matrix. WGFP reinforced
melamine composites are manufactured by hot pressing. Hot pressing causes increase in specific gravities of neat
melamine. This increase is result of rearrangement of melamine particles under pressure and high temperature.
Specific gravities of WGFP reinforced melamine composites are higher than that of neat melamine and it is related
with different sensitivity of melamine and WGFP to temperature and pressure and also rearrangement of melamine
matrix between glass particles by flowing through them. Tensile strength and impact resistance of 3% WGFP
composites are higher than neat melamine and other samples. Decrease on tensile and impact strength at high
WGFP concentration is correlated with particulate loading. Particulate loading makes composite more brittle and
less ductile. In other words, WGFP does not behave as fiber so tensile and impact loadings are not transferred along
fiber length. Flexural characteristic of 100% melamine sample is greater than those of composite samples due to
particule loading and insufficient fiber length. Composite sample with 3% WGFP is promising for further studies.
It can be used for some fields of construction sector demanding superior surface characteristics and higher tensile
and impact resistance behaviour such as decorative wall covering.
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OZET

Pamuk liflerinin %96’lik kism1 saf selillozdan olugmaktadir. Viskoz rayon lifleri saflagtirilmis selillozdan elde
edilen ve iilkemizde yilda yaklasik 250 bin ton civarinda tiiketilen, 1.5 milyar dolarlik ithalati1 yapilan énemli bir
iiriindiir. Viskoz rayon lifleri dogal ve yenilenebilir kaynaklardan elde edilmekte olup iiretiminde her gecen giin
tilkenmekte olan petrol kaynaklari yerine dogal materyallerin kullanilmasi hem g¢evresel hem de ekonomik anlamda
onemli avantajlar sunmaktadir. Bu ¢caligmada, pamuk teleflerinden standartlara bagli kalinarak a-seliiloz polimerleri
elde edilmis olup daha sonra yas lif ¢ekim yontemiyle a-seliilozdan %93 verimde rejenere viskoz rayon lifleri
iiretilmistir. Elde edilen viskoz rayon liflerinin yurt disindan ithal edilen viskoz rayon liflerinin 6zelliklerine benzer
degerler tasidig tespit edilmistir. Sonug olarak pamuk teleflerinden yiiksek verimli ve yiiksek katma degerli yeni
iirlin elde edilmistir.

Anahtar Kelimeler: Pamuk telefleri, seliiloz, viskoz rayon
ABSTRACT

An important part of cotton fibers consists of pure celluloses (96%). Viscose rayon fibers are obtained from
purified cellulose and it is consumed about 250 thousand tons per year in our country. It is an important product
that is imported 1.5 billion dollars a year. Viscose rayon fibers are obtained from natural and renewable sources and
using natural materials instead of petroleum sources in viscous rayon production provides important advantages
both in environmental and economic terms. In this study, a-cellulose polymers were obtained from cotton wastes
by relevant standards, and then regenerated viscose rayon fibers in 93% yield from a-cellulose were produced by
wet-spinning method. It is determined that obtained viscose rayon fibers have similar  characteristic features to
viscose rayon fibers imported from abroad. As a result, new products with high efficiency and high-added value
were obtained from cotton wastes.

Keywords: Cotton wastes, cellulose, viscose rayon
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GIRIS

Diinya genelinde kisi bagina tiikketilen elyaf miktar1 yillik ortalama 13 kg seviyesindedir. Yilda yaklasik 103 milyon
ton elyaf iiretimi yapilmaktadir. Bu iiretimin yaklasik 32 milyon tonu dogal, 71 milyon tonu ise yapay elyaftir
(Anonim, 2018). Bu rakamlardan da anlasilacag1 gibi elyaf ihtiyact dogrudan dogal lif kaynaklarindan (bitkisel-
hayvansal-madensel) karsilanamaz durumdadir. Dogal elyafin iki katindan daha fazla miktarda yapay elyaf
tikketimi gerceklesmektedir. Giinlimiizde yapay elyaf olarak adlandirilan insan yapimu liflerin biiyiik kismim
polyester ve polyamid gibi petrol kdkenli sentetik lifler olusturmaktadir. Bilinen petrol rezervleri dikkate alinarak
yapilan degerlendirmelerde petroliin en fazla 50 yillik 6mriiniin kaldig1 hesaplanmaktadir (Karaca, 2017).
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Seliilloz veya protein esasli dogal polimerlerden elde edilen rejenere lifler bu sorunun ¢dziimii i¢in en uygun
secenek olarak one ¢ikmaktadir. Seliiloz esasli rejenere lifler ilk olarak 19. yiizyilin ikinci yarisinda kesfedilmistir.
Bunlar i¢inde en bilinen ve en ¢ok kullanilan seliiloz esasl rejenere lif tiirii ise viskoz rayon lifleridir. Dogal liflerin
artan elyaf ihtiyacin1 karsilayamamasi sebebi ile yapay liflerin kullanimi dogal lif kullanimimin iki katindan
fazladir. Ancak yapay lif iretiminin tamamina yakini petrol kokenli sentetik liflerden tiretilmektedir. Sentetik lifler
konforu diisiik sagliksiz liflerdir. Bu nedenle dogal rejenere liflerden viskoz rayon lif tiiketim miktar1 her y1l artarak
devam etmektedir. Seliiloz esasli viskoz rayon lifleri, en ¢ok tiiketilen dogal lif olan pamuk liflerine olduk¢a benzer
ozellikler tagimaktadir. Tipki pamuk gibi yapisinin biiyiik kismini seliilloz polimerleri olusturmaktadir. Sentetik
lifler; nem cekme, hava gecirgenligi ve yumusaklik gibi baslica lif 6zellikleri bakimindan dogal liflerle
kiyaslanamayacak derecede diigiilk degerlere sahipken rejenere viskoz rayon lifleri bu &zellikler bakimindan
oldukca yiiksek degerlere sahiptir. Viskoz rayon lifleri, 20. ylizyilin ortalarinda kesfedilip kullanilmaya baglayan
sentetik liflerin yayginlagsmasi sebebi ile geri planda kalmustir. Ancak son yillarda basta Amerika Birlesik
Devletleri, Cin ve Hindistan gibi iilkelerin yaptig1 yatirimlar ile yeniden varligini hissettirmeye baslamistir. Diinya
genelinde yillik viskoz rayon lif tiiketim miktar1 6 milyon ton seviyelerini asmistir (Anonim, 2017).

Ulkemizde viskoz rayon lif tiikketimi yillik 250 bin ton civarindadir. Viskoz rayon liflerinde yerli iiretimin giiniimiiz
itibari ile hic olmamasi sebebiyle yilda yaklasik 1.5 milyar dolarlik ithalati yapilmaktadir. Ulkemiz tekstil
endiistrisi 6zellikle pamuklu iplik tiretiminde diinyada ilk siralarda (6.sira — bir milyon ton/yil) yer almaktadir ve
biiyiik miktarlarda pamuk telefi olusturmaktadir. Ulkemizde, yillik endiistriyel pamuk telefi atig1 ise yaklasik 150
bin ton civarindadir (Altun, 2016).

Endiistriyel pamuk teleflerinin ortalama %85-90’likk kismi viskoz rayon lif {iretiminde kullanilabilir atik
durumundadir. Pamuk liflerinin ortalama %96’lik kismi saf selillozdan olusmaktadir. Bu veriler dikkate alindiginda
yiiksek oranda seliiloz ihtiva eden ¢ok miktarda ve diisiik maliyetli hammadde kaynaginin varligi s6z konusudur.
Yapilan bu ¢aligsma ile pamuk teleflerinden standartlara bagli kalinarak elde edilen a-seliiloz polimerinden rejenere
konvansiyonel lif tiretim prensibine dayali olarak yas lif ¢ekim yontemiyle viskoz rayon lif {iretimi amag¢lanmustir.

MATERYAL VE METOT
MATERYAL

Pamuk Telefi

Calismada kullanilan endiistriyel pamuk telefleri tekstil sektori icin iplik iiretimi yapan MARTEKS (Maras Tekstil
ve Sanayi A.S. - KAHRAMANMARAS) isletmesinden temin edilmistir. Penye makinesi atigi pamuk teleflerine ait
gorsel Sekil 1°de gosterilmistir.

Sekil 1. Tekstil iplik Isletmesi Penye Makinesi Atig1 Pamuk Telefleri

Kimyasallar

Pamuk teleflerinden viskoz rayon lif iiretimi i¢in kullanilan kimyasal maddeler ve bunlara ait bilgiler asagida Tablo
1°de verilmistir.
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Tablo 1. Calismada Kullanilan Kimyasallar ve Ozellikleri
Kimyasal Madde Saflik Derecesi (%)  Uretici

1 NaOH 99.0 TEKKIM

2 Na,SO3 98.0 TEKKIM

3 NaSO4 99.0 TEKKIM

4 NaClO; 80.0 SIGMA ALDRICH
5 CH5COOH 99.9 MERCK

6 CH0, 85.0 TEKKIM

7 C2H3NaO, 99.0 SIGMA ALDRICH
8 ZnS04 97.0 TEKKIM

9 H,S0, 95.0-98.0 TEKKIM

10 CS; 99.9 MERCK

Makine ve Techizat

Calismada kullanilan makine ve teghizat bilgileri asagida Tablo 2’de verilmistir.

Tablo 2. Calismada Kullanilan Makine ve Techizatlar

Makine/Techizat Modeli
1 Hassas Terazi Precisa XB 620M
2 Nem Tayin Cihazi KERN DBS 60-3
3 Isiticili Manyetik Karistiricr  Yellow Line MSC basic C
4 Su Banyosu Memmert WB22
5 Etiiv Memmert UNB400
6 Evaporator Heidolph Laborota 4000
7 Siringa Pompasti New Era NE-300-ES
8 Yas Lif Cekim Diizenegi Ozel Uretim
METOT
Hammadde Hazirlama

Pamuk telefleri yaklasik %96 oraninda saf seliiloz igerdigi i¢in dogrudan ham seliiloz olarak kullanilmustir.
Analizlerde kullanilan referans numune viskoz rayon elyafi; Cin’den ithal, odun seliilozundan elde edilmis birinci
siif kalitede bir elyaf olup Kahramanmaras’ta kurulu bulunan tekstil iplik isletmesi Kiitlikgiioglu Mensucat Sanayi
ve Ticaret A.S.’den temin edilmistir.

Alfa Seliiloz Uretimi

Alfa seliiloz tiretiminde Oncelikle ham seliilozlardan holoseliiloz iiretimi gerceklestirilmistir. Holoseliiloz eldesinde
Wise ve Karl’in klorit metodu kullamilmistir (Wise & Karl, 1962). Elde edilen holoseliillozlardan Tablo 3’te
belirtilen standarda bagli kalinarak alfa seliiloz tiretimi gergeklestirilmistir.

Viskozite ve Polimerizasyon Derecesi Tayinleri

Ham seliilozun, alfa seliilozun ve viskoz rayon liflerinin viskozite degerleri ve polimerizasyon derecelerinin (DP)
belirlenmesinde asagida Tablo 3’de verilen standart ve kaynaklar kullanilmistir. Polimerizasyon dereceleri ise
asagidaki formiile (1) gore tespit edilmistir.

DP9 = 0,75 x Viskozite (1)

Tablo 3. Kimyasal Analizler i¢in Kullanilan Standartlar ve Kaynaklar
Kimyasal Analizler  Standartlar ve Kaynaklar
Holoseliiloz tiretimi Wise ve Karl, 1962
Alfa seliiloz tiretimi TAPPI T 203 cm-99 (Anonim, 1999/a)
Viskozite tayini TAPPI T 230 om-99; SCAN-CM 15:88 (Anonim, 1988; Anonim, 1999/b)
DP tayini Clark, 1978; Kirci, 2006
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Alfa Seliilozun ve Viskoz Rayon Liflerinin Agartilmast
Alfa seliiloz ve viskoz rayon liflerine asagida Tablo 4°te verilen agartma kosullari uygulanmustir.

Tablo 4. Alfa Seliiloz ve Viskoz Rayon Liflerinin Agartilmasinda Uygulanan Kosullar

Agartma Kosullar
Sodyum klorit (%) 15
Siire (saat) 16
Sicaklik (°C) 25
Sodyum asetat (%) 3
Asetik asit (%) 7
Formik asit (%) 0.5
Konsantrasyon (%) 5

Viskoz Rayon Lif Uretimi

Bu ¢alismada, agartilmis alfa seliiloz polimerleri CS;ile ¢oziilerek diizelerden ince filamentler halinde koagiilasyon
banyosuna gonderilmistir. Polimer icerisindeki ¢dziiciiniin banyo igerisine diflizyonu ile filamentler katilagarak lif
haline getirilmistir. Konvansiyonel lif iiretim prensibine dayali olarak yas lif ¢ekim yontemi ile iiretilen rejenere
viskoz rayon liflerinin tiretimi asagida Tablo 5’te gosterilen islem akisina gore gerceklestirilmistir (Mark ve ark.,
1968; Ardig, 2007; Giiler, 2008).

Tablo 5. Viskoz Rayon Lif Uretiminde islem Akist
Viskoz Rayon Lif Uretim Asamalar
Alkali seliiloz eldesi (o-seliiloz + %17-19 NaOH ¢ozeltisi)
Ditme
Dinlendirme
Ksantasyon (CSy)
Cozme (NaOH ¢ozeltsi)
(Viskoz Bilesimi: %6.5-9.0 Seliiloz/ %5.5-6.5 NaOH/ %2.0-2.5 Siilfiir)
Karistirma, Olgunlastirma, Filtre
7  Yas Lif Cekimi
(Koagiilasyon Banyosu (40-45°C): %8-10 H2SO4/ %16-24 Na;SO4/ %1-2 ZnSOs)
8  Germe-gekme iglemi (V1:70mm/sn - V2:140mm/sn)
9  Yikama ve kiikiirt giderme (%1 Na,SOs3 ¢6zeltisi — 90-95 °C)
10 Kurutma (Etiiv 103+2 °C)

OB WN P

[op]

Viskoz rayon lif tiretiminin yapildig1 yas lif ¢gekim diizenegi Sekil 2a’da gosterilmistir. Viskoz lif ¢ekim ¢ozeltisinin
diize basligindan koagiilasyon banyosu igerisine sevki Sekil 2b’de ve koagule olan liflerin godetlere sarimi ve
godetler arasi hiz farki ile yapilan germe-¢cekme islemi de Sekil 2¢’de gosterilmistir.

(@)
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(b)

(©

Sekil 2. (a) Yas Lif Cekim Diizenegi, (b) Diizedeki Deliklerden Viskoz Lif Cekim Cozeltisinin Koagiilasyon
Banyosu Icerisine Sevki (Diize Delik Cap1: 0.1mm*91 Adet), (c) Pamuk Teleflerinden Uretilen Viskoz Rayon
Liflerinin Godetlere Sarimi

Viskoz Rayon Liflerine Yapilan Testler ve Analizler

Pamuk teleflerinden yas lif ¢ekim yontemi ile elde edilen rejenere viskoz rayon liflerine asagida Tablo 6’da
gosterilen testler ve analizler, baz1 yapisal ozellikleri belirlemek igin yapilmistir. Testler igin {iniversitemiz
Kahramanmaras Siit¢ii Imam Universitesi (KSU) biinyesinde bulunan Universite-Sanayi-Kamu Isbirligi Gelistirme
Uygulama ve Arastirma Merkezi (USKiM), KSU Orman Fakiiltesi (OF) ve KSU Teknik Bilimler Meslek
Yiiksekokulu (TBMYO) Tekstil Teknolojisi Programi laboratuvarlari kullanilmustir.

Tablo 6. Pamuk Teleflerinden Elde Edilen Viskoz Rayon Liflerine Uygulanan Test ve Analizler

Cihaz Standart/Kaynak Yapildig1 Yer
1 Viskozite tayini Capillary Viscometer TAPPI T 230 om-99; SCAN-CM 15:88 KSU OF
2 DP tayini - Clark, 1978; Karci, 2006 KSU OF
3 Optik dzellikler Datacolor Elrepho 450 ASTM E313-05; I1SO 2469:2014 KSU OF
4 Kopma mukavemeti  Pressley Cihazi - KSU TBMYO
5 SEM taramasi ZEISS EVO LS 10 - KSU USKiM
6 EDX spektrumu ZEISS EVO LS 10 - KSU USKiM
7 XRD analizi PANalytical XPert Pro MPD - KSU USKiM
8 FTIR spektrumu Perkin Elmer Spectrum 400 - KSU USKIM

BULGULAR VE TARTISMA

Ham Seliiloz, Holoseliiloz ve Alfa Seliiloza Ait Bulgular

Pamuk telefleri i¢in elde edilen viskozite ve DP degerleri ile ham seliilozdan elde edilen holoseliiloza ait verim
degeri ve elde edilen alfa seliiloza ait verim degerleri Tablo 7’de verilmistir. Polisakkaritlerin a-, -, ve y- seliiloza
dagilimi alkalide ¢oziiniirliige dayanmaktadir. 20°C’de %17.5’luk sodyum hidroksit ¢dzeltisinde ¢oziinmeyen
kisim alfa-seliiloz olarak adlandirilmaktadir (Kirc1, 2006). Elde edilen alfa seliilozlara ait viskozite ve DP degerleri
yine ayn1 Tablo 7°de verilmistir.
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Tablo 7. Ham Seliiloz, Holoseliiloz ve Alfa Seliiloza Ait Viskozite ve DP Degerleri
Verim  Viskozite
(%)  (cm’gY) DP

Ham Seliiloz (Pamuk Telefleri) - 1608 2540
Holoseliiloz (Ham Seliilozdan) 98 - -
Alfa Seliiloz (Holoseliilozdan) 98 641 919

Alfa seliiloza ait viskozite ve DP degerlerinin ham seliilloza gore sirasiyla %60.1 ve %63.8 oranlarinda azaldig
tespit edilmistir. Bu azalmalar, alfa seliiloz eldesinde kullanilan sodyum klorit, sodyum hidroksit ve asetik asit gibi
kimyasallar ile islem sirasinda uygulanan sicakliktan kaynaklanmaktadir. Bu islemler, pamuk telefindeki seliiloz
zincirlerinde pargalanmalara neden olmakta ve dolayisiyla polimer zincirlerindeki kisalmalardan dolay1 viskozite
ve DP degerlerinde azalmalar meydana gelmektedir.

Pamuk Teleflerinden Elde Edilen Viskoz Rayon Liflerine Ait Bulgular

Pamuk teleflerinden %93 verimle elde edilen rejenere viskoz rayon liflerine ait gorsel Sekil 3’te verilmistir. Viskoz

rayon liflerinin 1s1ltil1 pamuk veya suni ipek olarak ta adlandirilmasina sebep olan parlak lif goriintiisiinii Sekil 3’te
gozlemlemek miimkiindiir.

Sekil 3. Pamuk Teleflerinden Elde Edilen Viskoz Rayon Lifleri

Viskozite ve DP Degerlerine Ait Bulgular

Pamuk teleflerinden yas lif ¢ekim yontemi ile elde edilen viskoz rayon liflerine ait viskozite ve polimerizasyon
derecesi degerleri Tablo 8’de verilmistir. Klorit agartmasi yontemi ile agartilan pamuk teleflerinden elde viskoz
rayon liflerine ait viskozite ve DP degerleri de Tablo 8’de verilmistir. Degerler incelendiginde agartma isleminin
viskoz rayon lifleri lizerinde viskozite ve DP degerlerini degistirecek bir etki yapmadigi goriilmiistiir. Rejenere
seliiloz liflerinin ortalama DP degerleri 250-700 civarindadir (Yaman & ark., 2007).

Tablo 8. Viskozite ve DP Degerleri

Viskozite

(cmig) °
Ham Seliiloz 1608 2540
Alfa Seliiloz 641 919
Pamuk Teleflerinden Viskoz Rayon 400 546
Agartilmig Pamuk Teleflerinden Viskoz Rayon 400 546
Referans Numune 255 332
Agartilmis Referans Numune 255 332

Optik Ozelliklerine Ait Bulgular

Referans numune ve pamuk teleflerinden elde edilen viskoz rayon liflerine ait; agartma islemi dncesi ve sonrasi
beyazlik, parlaklik ve sarilik degerleri Tablo 9’da verilmistir.
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Tablo 9. Viskoz Rayon Liflerine Ait Optik Ozellikler

Pamuk Agartilmis Pamuk
Teleflerinden Teleflerinden Referans Agartilmig
Viskoz Rayon Viskoz Rayon Numune Referans Numune
Beyazlik (%) 82,7 86,4 88,2 89,7
Parlaklik (%) 76,9 85,1 83,4 87,5
Sarilik (%) 9,22 1,94 7,00 3,08

Kopma Mukavemetine Ait Bulgular

Referans numune ve pamuk teleflerinden elde edilen viskoz rayon liflerine ait kopma mukavemeti (gram-
kuvvet/denye) degerleri Tablo 10°da verilmistir. Agartma isleminin, viskoz rayon liflerine ait kopma mukavemeti
degerlerini diisiiriicii yonde ¢ok az bir etkisi oldugu gortilmiistiir.

Tablo 10. Viskoz Rayon Liflerine Ait Kopma Mukavemeti Degerleri
Kopma Mukavemeti (gf/den)

Pamuk Teleflerinden Viskoz Rayon 18
Agartilmig Pamuk Teleflerinden Viskoz Rayon 1.7
Referans Numune 1.2
Agartilmis Referans Numune 1.2

SEM Taramasina Ait Bulgular

Referans numuneye ve pamuk teleflerinden elde edilen viskoz rayon liflerine ait boyuna SEM goriintiileri
(Buyiitme degeri: Mag = 3.00 K X) Sekil 4 ve Sekil 5’te gosterilmistir. Goriintiiler incelendiginde referans numune
ve viskoz rayon liflerinin diizgiin, birbirine benzer lif yapilar1 goriilebilmektedir. Viskoz rayon liflerinin
karakteristik ¢ok loblu yapisini da net bir sekilde gérmek miimkiindiir.

. MROKN O« MW Pgwdsmr b  MROKN O s IO Pywdsir

Sekil 4. Referans Numune Boyuna SEM Gortintiisii ~ Sekil 5. Pamuk Teleflerinden Viskoz Rayon Boyuna SEM

EDX Spektrumuna Ait Bulgular

Referans numune ve pamuk teleflerinden elde edilen viskoz rayon liflerine ait EDX grafikleri Sekil 6 ve Sekil 7°de
gosterilmistir. EDX spektrumlarina bakildiginda seliilozik yapida bulunan karbon ve oksijen atomlarina ait pikler
gbzlemlenmistir. Cok az miktarda gozlemlenen diger atomlar ise deney numunelerinin hazirlanmasi asamasindaki
safsizliklardan 6zellikle de kullanilan altin tozundan kaynaklanmaktadir. Viskoz rayon lifleri {izerindeki kiikiirdiin
tamamen giderilmesi 6nem arz etmektedir. Bu anlamda EDX spektrumlarinda kiikiirt atomuna ait piklerin
goriilmiiyor olmasi istenilen bir sonugtur. Elde edilen atomik yiizde oranlar1 Tablo 11’de verilmistir.

Tablo 11. EDX Sonuglarina Gére Atomik Yiizdeler

Referans Pamuk Teleflerinden
Atomlar Numune Viskoz Rayon
Karbon(C) - % 67.27 71.83
Oksijen(O) - % 27.27 24.41
Azot(N) - % 4.85 3.37

Sodyum(Na) - % 0.61 0.39
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Sekil 6. Referans Nurﬁﬁne EDX Grafigi Sekil 7. Pamuk Teleflerihden Viskoz Rayon EDX

XRD Analizine Ait Bulgular

Referans numuneye ve pamuk teleflerinden elde edilen viskoz rayon liflerine ait XRD grafikleri Sekil 8 ve Sekil
9’da gosterilmistir. Grafikler incelendiginde 20 ekseninde 20 derece degerinde diislik siddetli genis bir pik ve
ayrica baglangi¢ degerlerinde genis fakat ¢ok diisiik siddetli pik olusumlarinin gézlemlenmesi malzemenin amorf
yapisinin kristal yapisindan daha yiiksek oldugunu ortaya koymaktadir. Yine 21° ve 21,5° civarinda gériilen pikler
seliiloz yapisindaki kristalin yapiy1r gosteren piklerdir ve selillozun (002) diizlemine ait karakteristik piklerdir.
Viskoz rayon lifleri, %60-65 amorf ve %35-40 kristalin bolgeden olusmaktadir (Ozgiiney & ark., 2006).

Posion 2Theta] (Copper (Cu))

Sekil 8. Referans Numune XRD Grafigi Sekil 9. Pamuk Teleflerinden Viskoz Rayon XRD

FTIR Spektrumuna Ait Bulgular

Referans numuneye ve pamuk teleflerinden elde viskoz rayon liflerine ait FTIR grafikleri Sekil 10’da
gosterilmistir. FTIR analizi yardimu ile liflerin igyapisi, molekiiler yapisi ve kristal yap1 6zellikleri hakkinda detayl
veri elde edilmistir. FTIR spektrumlar incelendiginde, seliilozik yapidaki glikoz birimlerinde ki O-H gerilmeleri
3300cm™ civarinda gozlemlenmistir. 2900 ile 2850cm™ ve 1640 ile 1310cm™? civarindaki bantlar ise alifatik ve
aromatik C-H gerilme ve biikiilme titresimlerine aittir. 1160-890cm™ arasinda gozlemlenen ve 1156, 1015, 894 cm
! de pikleri igeren genis bant, sekonder alkol ve eterik fonksiyonel gruplara ait olan simetrik ve asimetrik C-O
gerilmeleri ile ilgilidir. B-1,4-glikozidik eterlere ait C-O-C gerilmeleri ise 667cm™ civarinda gozlemlenmistir. Bu
FTIR spektrumlar incelendiginde, referans numuneye ait olan fonksiyonel gruplarin gerilmeleri ile pamuk
teleflerinden elde viskoz rayon liflerine ait olan fonksiyonel gruplarin gerilmelerinin benzer olup seliilozik bir
yapiya ait gerilmeler oldugu gozlemlenmistir. Onemli bag yapilar1 Tablo 12°de verilmistir.

Tablo 12. FTIR Spektrumuna Gore Fonksiyonel Gruplarin Gerilme Degerleri

Fonksiyonel Grup Bag Yapisi Dalga Sayist (cm™)
Seliilozik O-H 3300

Glikozitik C-0-C 667

Alifatik/Aromatik C-H 2900-2850 ve 1640-1310

Alkol ve Eterik C-O0 1156, 1015, 894
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Sekil 10. Referans Numune ve Pamuk Teleflerinden Elde Edilen Viskoz Rayon Liflerine Ait FTIR Spektrum
Grafikleri

SONUC VE ONERILER

Ulkemizde tekstil iiriinlerinin iiretiminde yaklasik 250 bin ton viskoz rayon lifi tiiketilmekte ancak hig iiretimi
yapilmamaktadir. Yaptigimiz bu galismada, tekstil iplik isletmesi atigi pamuk teleflerinden elde edilen saf
seliilozdan %93 verimde rejenere viskoz rayon lifleri elde edilmistir. Pamuk teleflerinin DP degeri 2540 olarak
olgtiliirken elde edilen viskoz rayon liflerinde bu deger agartma islemi sonrasi 546 olarak tespit edilmistir. Yine
agartma islemi sonrasinda pamuk teleflerinden elde edilen viskoz rayon liflerinin beyazlik ve parlaklik degerleri
artarken sarilik degeri diismiistiir. Agartma islemi 6ncesinde 1.8 gf/den olan kopma mukavemeti degeri 1.7 gf/den
olarak azalmistir. SEM, EDX, XRD ve FTIR analizlerinin sonuglar incelendiginde seliilozik yapida amorf bolge
orani kristalin bdlge oranindan daha yiiksek, gorsel olarak ta karakteristik rayon lifi gériiniimiine sahip bir lif elde
edilmistir. Elde edilen sonuglar piyasadan temin edilen referans numunesi ile karsilastirilmis ve tiim 6zellikleri
daha iyi olan bir viskoz rayon lifi tiretiminin gergeklestirildigi gorilmiistiir.

Bu calismayla pamuk teleflerinden rejenere viskoz rayon liflerin elde edilmesi ve iilkemizde viskoz rayon lifi
iretimi ile ilgili ilk akademik caligmaya ait 6zgiinliigli agisindan 6nemli sonuglar ortaya konulmustur. Ayrica,
diisiik maliyetli hammadde kaynagi olan pamuk teleflerinden yiiksek verimli ve katma degerli yeni iiriin elde
edilmistir.
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OZET

Is1 geri kazanim cihazi, havalandirilma ihtiyaci olan, dig ortamla farkli sicakliktaki tiim mahallerde (ev, ofis, sinema,
AVM, Konferans salonu vb.) enerji tasarrufu saglamak i¢in kullanilabilen bir sistemdir. Bu cihaz disar1 atilacak hava
ile i¢ ortama alinacak hava arasinda 1s1 transferi yaparak, 1sitma ve sogutma islemlerinden ciddi oranda tasarruf ve
enerji kazanci saglayabilmektedir.

Bu cihazin en yaygin kullanilan tiirii plakali Tip Is1 degistiricili olanidir. Bu sistemde disar1 atilan kirli hava ile iceri
alman temiz hava arasindaki, 1s1 transferi bir 1s1 degistiricisiyle saglanmaktadir.

Bilgisayar analizlerinin (benzetimlerinin) giderek 6nem kazandigi giiniimiizde, mithendislik islerinde hesaplanmasi
zor veya miimkiin pek ¢ok hesap bu benzetimler vasitasiyla ¢oziilebilmektedir. Ancak bu analizlerin dogru sonug
verebilmesi i¢in analizlerin saglikli bir sekilde yapilmasi gerekmektedir. Bilgisayar analizleri pek ¢cok sebep ile yanlis
sonuglar verebilmektedir. Hesaplamali akigkanlar dinamigi (HAD) analizlerinde, bu sebeplerin basinda olusturulan
¢Ozlim aglarmin (mesh aglarinin) yetersiz olmasi gelmektedir.

Bu ¢alismada havadan havaya 1s1 geri kazanim cihazlarinda yaygin olarak kullanilan plakali tip 1s1 degistiricisi
bilgisayar ortaminda olusturulmustur. Is1 degistiricisinde tekrar eden bdlgeler belirlenmis ve bu bdlgeler igin, gesitli
¢Oziim aglar1 olusturulmustur. Olusturulan ¢6ziim aglar1 kullanilarak hesaplamali akigkanlar dinamigi benzetimleri
yapilmustir.

Uzerinde ¢alisilan model deneysel olarak test edilmis ve sonuglar analiz sonuclar ile kiyaslanarak benzetim kalitesi
arttirllmaya calisilmistir.

Anahtar Kelimeler: Enerji verimliligi, 1s1 degistiricisi, havalandirma sistemi, hesaplamali akigkanlar dinamigi, had
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ABSTRACT

The heat recovery device is a system that can be used to save energy in all location (home, office, cinema, shopping
mall, conference hall, etc.) where needs ventilation and temperature difference between internal and external air. This
device can save a significant amount of energy savings from heating and cooling processes by transferring heat
between the air to be ejected and the air to be taken into the interior.

The most widely used type of this device is the one with the heat exchanger. This system is provided by a heat
exchanger, it exchanges the heat between the dirty air being thrown out and the fresh air being imported.

Computer analysis (simulate) gains increasing importance nowadays, the calculation of engineering work difficult
or impossible in many calculations can be resolved through these simulations. However, to have accurate results of
these analyses must be done in a healthy way. Computer analysis may give incorrect results with many reasons. In
computational fluid dynamics (CFD) analyses, the solution networks (mesh networks) created at the beginning of
these reasons are insufficient.

The studied model was experimentally tested. The results which are the experimental and simulation, were compared.
Keywords: Energy efficiency, heat exchanger, ventilation system, computational fluid dynamics, cfd
GIiRiS

Diinyada ve Tiirkiye’de enerjiye talep artmaktadir ve gelecekte de artmaya devam edecektir. Birgok kurum enerji
talebi hakkinda ¢alisma yapmaktadir. Giiniimiize oranla 2030 yilinda enerji tiiketiminin diinyada %60 ve Tirkiye’de
ise %100’den daha yiiksek oranda artmas1 dile getirilmektedir (Satman, 2007). Enerji tiiketiminin azaltilmasi i¢in en
iyl ¢6zlim enerji verimliliginin arttiritlmasidir. Yapilan bir ¢aligmada kiiresel 1sinmanin etkilerini 6nlemek amaciyla;
kullanilabilecek etkili yontemlerden birinin de enerji verimliligini artirmak olduguna deginilmistir (Bayrag, 2010).
Pamir ise yaptig1 ¢alismasinda enerji tasarrufunun ve enerji tiiketimini azaltmanin 6neminden bahsetmistir (Pamir,
2005). Yapilan bagka bir ¢alismada ise enerji verimliliginin 6neminden ve bu konuda neler yapilabileceginden
bahsedilmistir (Narin & Akdemir, 2006). Enerji verimliligi gerek ekonomik anlamda 6nemi gerekse kiiresel 1sinmay1
yavaglatacak hatta Oniine gegebilecek olmasi sebebi ile glinlimiizde biiyiikk 6nem tagimaktadir. Enerji verimliligi,
miktar ve kaliteyi diistirmeden, var olan enerji atiklarindan faydalanilmasi ve enerji kayiplarinin en aza indirilmesi
ile miimkdindiir.

Is1 geri kazanimli havalandirma enddistrisi giin gegtikge gelisen ve biiyiiyen bir alandir (Sentiirk, Aktakka, & Toksoy,
2015). Is1 geri kazanim cihazi dis ortam ile farkli sicakliktaki havalandirilma ihtiyaci olan tiim mahallerde (ev, ofis,
sinema, AVM, Konferans salonu vb.) atik 1sidan faydalanarak enerji tasarrufu saglamak i¢in kullamlabilen bir
sistemdir. Bu cihaz disar1 atilacak olan hava ile i¢ ortama alinacak olan hava arasinda 1s1 transferi yaparak, 1sitma ve
sogutma islemlerinden ciddi oranda tasarruf ve enerji kazanci saglayabilmektedir.

Iklimlendirme sistemlerinde 1s1 geri kazanim, enerji verimliligini arttirmasi disinda {ic 5nemli avantaja sahiptir:

1.Geri kazanilan 1s1 sayesinde i¢ ortami konfor kosullarina getirmek i¢in gereken dis hava yiikii nemli miktarda
azaltilmis olur. Boylece iklimlendirme i¢in harcanan enerji miktari diiser, tasarruf saglanir.

2.Gerek iklimlendirme sisteminde kullanilan bilesenlerin kapasitelerinin azaltilmasi gerekse nemlendirme ve nem
alma bilesenlerine ihtiyacin kalmamasi durumunda ilk yatirim maliyeti azaltilabilir.

3.Azalan dis hava yiikii, taze havali cihaz kullanimin1 daha makul hale getirir. Boylece i¢ hava kalitesinin
saglanmasinda tstiinliik saglanir (Altin, Aktakka, Giinerhan, & Karakog, 2013).

Bu calisma bu cihazin plakali 1s1 degistiricili olan tipi i¢in yapilmistir. Asagidaki sekil 1.’de cihazin ¢aligsma
durumundaki Montaj1 ve i¢ yapisi goriilmektedir.
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Sekil 1. Cihazin Calisma Durumundaki Montaji1 ve I¢ Yapisi (Sentiirk, Aktakka, & Toksoy, 2015)

Bilgisayar analizleri (benzetimleri) de gerek iiretim siire¢lerini kolaylastirmasi gerekse prototip ihtiyacini azaltmasi
bakimindan, enerji ve zaman verimliligini arttirabilmektedirler. Ancak bu analizlerin dogru sonug verebilmesi i¢in
analizlerin saglikli bir sekilde yapilmasi gerekmektedir. Bilgisayar analizleri pek ¢ok sebep ile yanlis sonug
verebilmektedirler. Hesaplamali akiskanlar dinamigi (HAD), analizlerinde bu sebeplerin basinda olusturulan ¢éziim
aglariin (mesh aglarinin) yetersiz olmasi gelmektedir. Erding ve arkadaglari da ANSYS paket programini
hesaplamali akigkanlar dinamigi (HAD) problemlerinin ¢dziimiinde kullanmustir (Erding, Y1lmaz, Cihan, & Unal,
2015).

Bu ¢aligmada iklimlendirme proseslerinde enerji verimliligini arttirmak ve maliyetleri diisiirmek i¢in kullanilan
havadan havaya plakali tip 1s1 geri kazanim cihazinin; 1s1 degistiricisinde farkli ¢6ziim aglar1 kullanilarak bilgisayar
analizleri (benzetimleri) ile ¢ozdiiriilmiistiir.

Ayni 151 degistiricisinin, 1s1l verimliligi deneysel olarak test edilmis ve deneysel sonuglar ile bilgisayar analizlerinin
sonuglar1 karsilastirilarak, analiz (benzetim) kalitesi artirilmaya ¢aligilmstir.

MATERYAL VE YONTEM

Deneysel Calisma

Bu deney vasitasiyla 1s1 degistiricisinin veriminin 6l¢iilmesi amaglanmaktadir.
Bu deneyde:

e Tavan tipi plakali havadan havaya 1s1 geri kazanim cihazi
e Flexi hava kanallar
e Problu termometre
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e Anemometre
e PVC Kanal bandi, kullanilmaktadir.

Bu deney aralarinda sicaklik degerleri farkli olan iki mahal arasinda sekil 2.’de gosterildigi gibi yukaridaki
malzemeler vasitasi ile diizenek kurularak yapilmaktadir.

1. Mahal Fan 2. Mahal

.
/T -

I CARE]

Hava Kanah
ey

/
N

=

/

Plakah 1s1 degistiricisi Tavan tipi
J, havadan havaya 1s1
geri kazanim
Problu Termometre R

Problu Termometre
Sekil 2. Deney Diizenegi Semasi

Deney diizenegi kurulurken ve deney yapilirken asagidaki adimlar takip edilmistir.

e Tavan tipi plakali havadan havaya 1s1 geri kazanim cihazinin flanslarina hava kanallar1 baglanir.

e Hava kanallarinin sizdirmazlig sagladigindan emin olunur. Hava kacaklar1 ve agikliklar kalir ise PVC kanal
bandi ile kapatilir.

e 1. mahal ve 2. mahalle ilgili kanal hatlarinin uglarn yerlestirilir. Deney sirasinda kullanilacak 1. mahal ile 2.
mabhal arasinda sicaklik farki olmas1 gerekmektedir.

e Problu termometrelerin baglantilar1 yapilir, bu iglem sirasinda olusan tiim kacaklar PVC kanal bandi
kullanilarak kapatilir.

e Tavan tipi plakali havadan havaya 1s1 geri kazanim cihazinin elektrik baglantilar1 yapilir ve cihaz caligtirilir.

e Kacak olup olmadig1 kontrol edilir, saptanan kagaklar, PVC kanal bandi vasitasiyla kapatilir.

e (ihaz calistirildiktan sonra ilk 2 saat boyunca higbir 6l¢iim alinmaz, 1s1l dengeye ulasilmasi beklenir.
Sonrasinda ise her yarim saatte bir problu termometreler vasitasiyla sekilde gosterilen yerlerden sicakliklar
oOlciilerek kaydedilir. Her sicaklik 6l¢iimii yapildiginda da anemometre vasitasiyla hava hizi kaydedilir.

e Olgiimler 25 kere yapilinca sistem durdurulur ve cihazin elektrik baglantisi sokiiliir.
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e Yapilmig olan sicaklik dlgiimleri kullanilarak denklem 1. vasitasiyla her bir 6l¢iim igin verim degeri
hesaplanir ve bu degerlerin ortalamasi alinir.

e Yapilmis olan hava hizi 6lglimleri kullanilarak debi degeri hesaplanir ve bu degerlerin ortalamasi alinir.

e Bulunan degerler kaydedilerek deney sonuglandirilir.

Sekil 3.’de kurulmus olan deney diizenegi goriilmektedir.

Sekil 3. Deney Diizenegi

Bir plakali 1s1 geri kazanim cihazinin 1s1l verimi, 1s1 degistiricisinin, geri kazandig1 1sinin, kazanilabilecek en ¢ok
1stya oranidir. Bu verim, agsagidaki denklem-1 ile hesaplanir:

Isil Verim = (Ttg - Ttg) / (Teg - Ttg) 1)
Tte, Ttg ve Teg ilgili konumlardaki termometrelerin olgtiikleri, °C cinsinden sicaklik degerleridir.

Ttc: Taze hava ¢ikis sicakligi

Ttg: Taze hava giris sicakligi

Teg: Egzos havasi giris sicakligi

Formiiliin sozel olarak ifadesi; 1s1 geri kazanim cihazinin verimi, geri kazanilan 1sinin kazanilabilecek en ¢ok 1siya
oranidir (Kaya, 2013).

Yapilan Sl¢iimler, tablo 1.” de goriilmektedir. Tablo 2., Tablo 1. kullanilarak; 1s1l verim denklemi vasitasiyla elde
edilmistir.
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Tablo 1. Yapilan Olgiimlerin Sonuglari

(")lg:iim No Hava Hizi (m/s) Tte (°C) Ttg (°C) Teg (°C)
1 4,4 26,7 21 31,7
2 4,6 26,8 21,3 31,8
3 4,4 27 21,6 32,1
4 4,6 27 21,7 32,2
5 4,5 27,1 21,7 32,2
6 4,4 27,1 21,7 32,3
7 4,3 27,2 215 33
8 4,5 27,2 215 33,1
9 4,6 27,4 215 32,9
10 4,2 27,2 215 32,6
11 4,2 27,3 215 32,4
12 4,4 27,4 21,6 32,4
13 4,3 27,3 21,6 32,3
14 4.4 27,3 21,6 32,2
15 4,5 27,2 21,6 32,1
16 4,5 27,2 21,6 32,2
17 4,4 27,5 21,6 32,7
18 4,6 27,5 21,6 32,7
19 4,4 27,4 21,6 32,6
20 4,6 27,4 21,6 32,5
21 4,6 27,4 21,6 32,6
22 4,5 27,3 21,6 32,4
23 4,6 27,3 21,6 32
24 4,6 27,1 21,6 32,1

25 4,5 27,2 21,6 32,2
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Tablo 2. Debi — Verim Degerleri

Olgiim No Debi (m3/h) Verim (%)
1 790 53
2 826 52
3 790 51
4 826 50
5 808 51
6 790 51
7 772 50
8 808 49
9 826 52
10 754 51
11 754 53
12 790 54
13 772 53
14 790 54
15 808 53
16 808 53
17 790 53
18 826 53
19 790 53
20 826 53
21 826 53
22 808 53
23 826 55
24 826 52
25 808 53

Yukaridaki debi ve verim degerlerinin ortalamasi alinir. Boylece 800 m3/h debi degeri icin %52 verim degeri
deneysel olarak bulunmus olur.
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Sayisal Calisma

Solidworks programi vasitasiyla kullanilan 1s1 degistiricisi birebir olacak sekilde bilgisayar ortaminda
olusturulmustur. Bu 1s1 degistiricisi lamellerin st iste dizilmesinden olusmaktadir. Sekil 4.’te ilgili lamel
goriilmektedir.

Sekil 4. Olusturulan Lamel

Olusturulmus olan bu lameller dondiiriilerek st iiste gelecek sekilde kopyalanarak, kapaklar ve citalar eklenerek
modelin tamami olusturulabilmektedir.

Is1 degistiricisi periyodik olarak kendini tekrarlayan bir geometriye sahiptir. Bu sebeple tekrarlanan geometrinin
sadece bir pargasiin analizinin yapilmasi ile tamaminin yapilmasi ayni sonuca ¢ikacaktir. Bu sebep ile geometri
periyodik olacak sekilde bdliinmiis ve periyodik olan parcalardan biri incelenmistir. Model i¢in periyodik olan kisim
sekil 5.”de goriilmektedir.
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Sekil 5. Periyodik Bolge

Solidworks programi ile yapilmis olan ¢izim step formatina cevrilerek ANSYS programina aktarilir. ANSYS
programinin geometri modiilli vasitasiyla yapilan ¢izime akis hacimleri eklenir.

Akis hacmi bilgisayarin analiz sirasinda akiskan olarak hesaplayacagi hacimdir. Bu ¢alismada akigkan havadir ve
olusacak olan akis ve 1s1 transferi hesaplanacaktir.

Eklenen akis hacimleri sekil.6’da goriilmektedir. Akis hacimleri birbirleri ile kesigmemekte ve aliiminyum plaka
vasitasiyla ayrilmaktadir. Bir akis bolgesinden sicak olan hava gecerken, digerinden soguk olan gegecektir. Akis
alanlar1 yar1 saydam, aliminyum plaka ise sekildeki gibi mavi renkte goriilmektedir.

Sekil 6. Akis Hacmi
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Geometri modiiliinde akis hacmi eklendikten sonra mesh aktarilir. Bu data aktarimi sirasindaki veri baglantist yine
ANSYS paket programinda yer alan Workbench araciligiyla yapilmaktadir (Atmaca & Ezgi, 2019). Workbench,
ANSYS programimin icerdigi modiilleri secerek kullanmak ve birbirlerine baglayarak aralarinda data transferini
saglamak i¢in kullanilan bir ara yiiz programidir (Atmaca, Cetin, & Yilmaz, 2019).

Coziim ag1 (mesh ag1) olusturmak, fiziksel olarak tanimli bir aralig1 daha kiigiik elemanlara bolme islemidir. Bu islem
ile ylizeysel tanim araliklar iiggen, dortgen vb. geometrik sekillere boliiniirken, hacimsel tanim araliklar tetrahedra,
hexahedra, kiip gibi geometrik sekillere boliiniirler. Sonlu elemanlar ve sonlu hacimler metodu ile yapilan mekanik
analizlerde, akis analizlerinde, 1s1 transferi analizlerinde ve manyetizma analizleri gibi analizlerde, analize
baglamadan once ¢6ziim agini (mesh agini) olusturmak gerekmektedir (Atmaca, Girgin, & Ezgi,2016).

Mesh modiilii, vasitastyla ¢dziim ag: oriiliir. Oncesinde mesh ag1 modiilii iizerinde modiiliin geometrileri dogru
sekilde goriip gormedigi (2 akiskan geometri ve 1 kati geometri), contactlarin (geometriler arasindaki temas
yiizeylerinin) dogru olup olmadig1 kontrol edilir. Yiizeylerde isimlendirme yapilir. Ilgili gorsel sekil 7.’de yer
almaktadir.

Cutline a
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Sekil 7. Mesh Modiilii Outline Penceresi

Modiil otomatik olarak ¢6ziim ag1 atabilmektedir. Ancak olugan ¢6ziim agi diizgiin ve ideal olmadigindan analiz i¢in
yetersizdir ve manuel olarak miidahale edilerek uygun bir ¢6ziim ag1 kurulmas1 saglanir. Sekil 8.’de ¢6ziim aginin
kurulmas: i¢in yapilan ayarlar goriilmektedir. Sekilde yer alan ayarlarin yani sira tablo 3.’de yer alan degisiklikler
yapilarak yeni ¢6zlim aglari olusturulmustur.
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Details of "Mesh"
[=I| Display
Display Style Use Geometry Setting
[=l| Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
P Element Size 10, mm
Export Format Standard
Export Preview Surface Mesh | No
[=l| Sizing
Use Adaptive Sizing MNa
Growth Rate Default (1,2)
Max Size Default (20, mm)
Mesh Defeaturing Yes
Defeature Size Default (5,e-002 mm)
Capture Curvature Yes
Curvature Min Size Default (0,7 mm)
Curvature Normal Angle | Default (18,7
Capture Proximity Yes
Proximity Min Size Default (0,1 mm)
P Mum Cells Across Gap [
Proximity Size Function Sou...| Faces and Edges
EBounding Box Diagonal 300,85 mm
Average Surface Area 397,35 mm®
Minimum Edge Length 0.5 mm

[=1| Quality

Check Mesh Quality

Yes, Errors

Target Skewness 0.3
Smoothing Medium
Mesh Metric Element Quality
P Min 4 9516e-002
P Max 1,
P Average 0,83672
P Standard Deviation 83,2997 e-002
[=1| Inflation
Use Automatic Inflation Mone

Inflation Option

Smooth Transition

Transition Ratio 0,272
Maximum Layers 5
Growth Rate 1,2
Inflation Algorithm Pre
View Advanced Options Mo
= Assembly Meshing
Method Mane
[=| Advanced
Mumber of CPUs for Parallel.., 4

Straight Sided Elements

Rigid Body Behavior

Dimensionally Reduced

Triangle Surface Mesher

Program Controlled

P Modes

Topology Checking Yes
Pinch Tolerance Default (9,2-002 mm)
Generate Pinch on Refresh | Mo

-

2500042

P Elements

33184738

Sekil 8. Coziim Ag1 Ayarlari
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Tablo 3. Coziim Aglar

Sik Olan Coziim Orta Sikhikta Olan Seyrek Olan
Ad Coziim Ag1 Coziim Ag1
Element Size 10 15 20
Number Cells
Across Gap 6 4 2
Min 4,95E-02 6,02E-02 7,02E-02
Standart 8,30E-02 8,94E-02 9,52E-02
Deviation
Nodes 65000042 2174561 461423
Elements 33184738 10410833 1883386

Cozlim aglarinin olusturulmasi tamamlandiktan sonra workbench araciligiyla tiim ¢alisma fluent modiiliine aktarilir.

Fluent modiiliinde analizde 1s1] verilerin de yer almasi istendigi i¢in energy secenegi off konumundan on konumuna
almir. Matematik model olarak k-epsilon model Realizable, Near Wall treatment: Standart Wall Function segilmistir.
Malzeme bilgisi olarak akigskan hava, kat1 ise aliiminyum olarak tanimlanir. inlet, outlet (preasure outlet), wall ve
symetry olan boliimler tanimlanir. Hava hizi ise toplam debinin 1s1 degistiricisinin giris ylizey alanina boliinmesi ile
hesaplanmustir; 6,9m/s’dir. Turbulent intensity: %5, turbulent viscosity ratio: %10 olarak girilmistir. Havanin giris
sicakliklari da girilerek, modiil vasitasiyla analiz islemi baglatilmigtir.

Analiz Sonucunda tablo 4’te gosterilen sicaklik degerleri elde edilmistir. Bu sicaklik degerleri Teg sicak havanin 1s1t
degistiricisine girdigi alandaki havanin ortalama sicakligi, Ttg soguk havanin 1s1 degistiricisine girdigi alandaki
havanin ortalama sicakligi ve Tt¢ ise 1sinan havanin 1s1 degistiricisinden ¢iktigi alandaki havanin ortalama
sicakligidir.

Tablo 4. Analiz Sonuglart

Sik Olan Coziim  Orta Siklikta Olan Seyrek Olan
Ad Coziim Ag1 Coziim Ag1
Teg (°C) 32 32 32
Ttg (°C) 21,6 21,6 21,6
Ttg (°C) 26,9 27,4 28,4

BULGULAR

Tablo 4’te goriilen analiz sonuglari i¢in deneysel ¢alisma sonuglariin da hesaplandigi denklem-1 (1s1l verim formiilit)
kullanilarak 1s1l verim degerleri elde edilmistir.

Sik olan ¢6zlim agi ile yapilan analiz i¢in %51, orta siklikta ¢6ziim ag1 ile yapilan analiz i¢in %56 ve seyrek olan
¢Oziim ag1 ile yapilan analiz iginse %65 1s1l verim degeri hesaplanmustir.

Deneyler ve analiz sonucunda elde edilmis degerler, tablo 5’de karilagtirmali olarak goriilmektedir.
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Tablo 5. Analiz Sonuglari
Deneysel  Sik Olan Coziim Ag1 Orta Siklikta Olan Coziim  Seyrek Olan Coziim

Sonuclar (Analiz) Sonuglar Ag1 (Analiz) Sonuclar Ag1 (Analiz) Sonuclar
Ha‘(’;gﬁ)bi“ 800 800 800 800
Teg (°C) 32,4 32 32 32
Ttg (°C) 21,6 21,6 21,6 21,6
Tt¢ (°C) 27,2 26,9 27,4 28,4
Isil Verim (%) 52 51 56 65

Yapilmis olan deneyde ve analiz sonucglarinda ayni sartlarin saglanmis olmasi i¢in hava giris sicakliklar1 ve 1s1l
degistiricisinden gegen hava miktar1 (debisi) ayni olacak sekilde ayarlanmistir. Tablo 5’te goriildiigii gibi sik olan
¢Oziim ag1 ile yapilmis olan analizden elde edilen 1s1l verim degerleri, deneysel ¢alismadan elde edilen 1s1l verim
degeri ile ortiismektedir. Ancak deneysel ¢aligmadan elde edilen 1s1l verim degeri, orta siklikta ¢oziim ag ile ve
seyrek olan ¢dziim agi ile yapilan analiz sonucunda elde edilen 1s1l verim degerleri ile ortiismemektedir.

TARTISMA VE SONUC

Gilinlimiizde bilgisayar benzetimleri (analizleri) ile, yeni {iriinlerin tasarlanmasi ve {iretilebilmesi i¢in; gereken
stire¢leri hizlandirmakta, tiretim-tasarim maliyetleri diisiirmekte ve tasarim kalitesini artmaktadir. Bu sebep ile etkin
ve dogru sekilde kullanimlar1 biiyiik 6nem tasimaktadir.

Calismamizda, Tablo 5’de de goriildiigii izere mesh sayisinin (¢6ziim ag1 sikliginin) yetersiz oldugu durumlarda
havanin ¢ikis sicakliklar farkli ¢ikmistir. Boylece bu sicakliklar iizerinden hesaplanan 1s1l verim degerleri de farkl
olmustur. Bu durumun sebebi yeterli ¢6ziim ag1 olusmadigi durumlarda bilgisayar analizlerinde hata payinin oldukg¢a
artmasi ve benzetim kalitesi diismesidir.

Coziim agimin (mesh aginin) yeterli siklikta oldugu durumlarda sonuglar gerek deneysel verilerle gerek {ireticinin
saglamis oldugu bilgilerle ortiismektedir.

Bu sonuglardan yola cikarak yapilacak olan bilgisayar benzetimlerinde (analizlerinde), dogru sonuglar elde
edebilmek i¢in yeterli sayiya sahip ¢oziim ag1 (mesh ag1) olusturulmasi gerektigi goriilmiistiir.

Yapilan sayisal ¢aligmalardan elde edilmis olan sonuglarin deneysel galismanin sonuglari, ile Ortiismesi sayisal
calismay1 ve sayisal ¢calismada kullanilan metodu dogrulamaktadir.

Bu sebep ile gelecekte olusturulacak olan farkli modellerin 1s1l verimlerinin hesaplanmasinda, ayni sayisal ¢aligma
metodunun kullanilmasia giivenilebilecegi goriilmiistiir. Boylece yeni modellerin gelistirmesi siirecinde gerek
zamandan gerekse biitceden biiyiik tasarruflar saglanabilecektir.
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ABSTRACT

This study was carried out to determine the effects of pesticides and wood vinegar that are used for the plant
protection in wheat agro-ecosystems on weeds and cultivated plants in 2014-2015 and 2015-2016 production seasons
in Mus Province ecological conditions. The field experiment was done in wheat field according to randomized block
design with four repetition. Treatments in the experiment was based on the pesticides used by BERCE Alparslan
agricultural enterprise and treatment schedule of the company. These treatments were: 1) Pesticide treatment
(fungicide, herbicide), 2) 0.5% - 1% - 2% - 3% - 4% and 5% ml wood vinegar treatments that correspond to pesticide
treatment, 3) Control treatment with tap water. It was observed that when compared to control group, pesticide
treatment decreased weeds the number of, variety and the dry weight (P=0.002), however, it significantly increased
values such as grain size, number of seed per spica, grain yield per spica and harvest index (%) of cultivated plants
(P<0.05). On the other hand, use of 1% ml wood vinegar had a significant effect on higher yield index (P<0.05).

Keywords: Agro-ecosystem, pesticides, weeds, wood vinegar, yield index
OZET

Bu ¢alisma, bugday agro-ekosisteminde bitki koruma amagli kullanilan pestisitlerin ve odun sirkesinin, yabanci ot
ve kiiltlir bitkisine etkilerini belirlemek amaciyla 2014-2015 ve 2015-2016 iiretim sezonlarinda Mus ili ekolojik
sartlarinda yapilmistir. Tarla denemesi, tesadiif bloklar1 deneme desenine gére ve dort tekerriirlii olarak
yiriitilmistiir. Denemede yapilan muameleler, BERCE Alparslan tarim isletmesinin kullandigi pestisitler ve
uygulama takvimi takip edilerek yapilmstir. Yapilan muameleler; 1) pestisit muamelesi (fungisit, herbisit), 2) pestisit
uygulamasina tekabiil eden %0.5 - %1 - %2 - %3 - %4 ve %5 ml odun sirkesi muameleleri ve 3) sadece sebeke suyu
verilen kontrol muamelesi seklinde yapilmistir. Yapilan istatistiksel analizler sonucunda; kontrol grubuna gore
pestisit muamelesinin yabanci ot sayisi, ¢esitliligi ve kuru agirhigini azalttigi (P=0.002), kiiltiir bitkisinin; basakta
tane sayisi, basakta tane verimi ve hasat indeksi gibi degerleri 6nemli diizeylerde artirdigi goriilmiistiir (P<0.05).
Buna karsin %1 ml odun sirkesinin hasat indeksinin daha yiliksek olmasinda dnemli bir etkiye sahip oldugu
gorilmiistir (P<0.05).
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INTRODUCTION

It is estimated that the yearly pesticide use is 2.5 million tones worldwide and only less than 0.1% of this amount
reaches the target bio during disinfestation (Pimentel, 1995). Besides the fact that pesticides have significant benefits
in protecting the products, they have serious negative effects on the environment (Mahmood, Imadi, Shazadi, Gul &
Hakeem, 2016). Problems caused by the use of synthetic pesticides necessitated the use of natural pesticides (Erdogan
& Toros, 2005). Wood vinegar products with the potential of bio-pesticides are liquids produced as side products of
carbonization processes (pyrolysis liquids) that have been found in archeologic studies that had been used in
Neanderthal ages (Tiilikkala, Fagernds & Tiilikkala, 2010). Referring to Jang, Kim, Seo, Lee & Lee (2008), stated in
their study that 80-90% of WV is water while 10-20% of WV is made of more than 200 organic compounds (the
main part is made of acetic acid); they also mentioned that recent yearly production of WV is approximately 14.000
tones. Literature reviews on herbicides reveal that they are efficient on weeds (Curaoglu, 2008; Kivilcim-Kiling,
2015; Sonmez, 1993; Sanli, Kaya & Kara, 2009; Tepe & Nemli, 1993) and they increase yield (Khan, Khan, Khan,
Imran, Idrees & Bib1, 2013; Sanli, Kaya & Kara, 2009). On the other hand, the literature reviews about fungicide
showed that the use of them increased yield (Blandino, Minelli & Reyneri, 2006; Rodrigo, Cuello-Hormigo, Gomes,
Santamaria, Costa & Poblaciones, 2015). As a result of the researches about WV, it was observed that there are
studies in the literature about the use of it on agricultural lands as fertilizer, insect repellent and organic fungicide
(Jothityangkoon, Koolachart, Wanapat, Wongkaew & Jogloy, 2008; Baimark & Niamsa, 2009; Rakmai, 2009). In
addition, it was reported that WV has been used as a fruitful resource in organic agriculture and widely used in Japan
both in agricultural procedures and in daily life (Mu, Uehara & Furuno, 2003). Baimark & Niemsa (2009) reported
that WV prevended the growth of fungi (Penicillium griseofulvum) in the PDA medium because of its phenolic
content. Wood vinegar is effective against A. niger and P. digitatum and it is thought to may be useful against disease
(Kog, Yardim & Yildiz, 2017; Kog, Yardim, Celik, Mendes, Mirtagioglu & Namli, 2018). In their study, Yoshimura,
Washio, Yoshida, Seino, Otaka, Matsubara & Matsubara (1995) determined that raw WYV increased product yield by
0.1-6% and mass of fruit by 21-42%. Nurhayati, Roliadi & Bermawie (2005) produced WV from A. mangium and
determined that 3-5% concentration of it caused significantly positive improvement in plant height, leaf length and
shoot growth when compared to control group. Mungkunkamchao, Kesmala, Pimratch, Toomsan & Jothityangkoon
(2013) produced bio-extracts from plant and animal residues through fermentation (FB) and treated them separately
and in combination on an experiment group. At the end of the process, they found that the treatment slightly increased
plant total dry weight, number of fruits, weight of fresh fruit and weight of dry fruit. Pangnakorn, Watanasorn, Kuntha
& Chuenchooklin (2009) produced fermented organic liquid fertilizer by using WV and weeds and carried out six
different treatments by using this fertilizer. Koc, Namli, Mendes, Pinar, Cig & Yardim (2019) were found that the
4% mL WV had positive effects on cultivated plant height and 1% mL WV had positive effects on thousand kernel
weight and seed per spike. At the end of the process, in contrast with the other positive findings in the literature, they
found that there was not a significant relation between treatments and yield. In line with the findings Namli, Akga,
Turgay & Soba (2014) obtained under in-vitro conditions, they concluded that using WV in-vivo conditions may
give positive results. In this study, it was attempted to research the effects of pesticides on weeds and cultivated plants
in comparison with wood vinegar as an alternative used for the plant protection.

MATERIAL AND METHODS

This study was carried out in a wheat field of Krasunia odeska variety, on BERCE Alparslan agricultural enterprise
(1276 m, lat.: 38°47'33.1577", long.: 41°32'45.8119") in Mus province (in Turkey). Seeds were planted with No-Till
method. Interrow distances were arranged as 20 cm and cultivation norm was 500 plant/m?. Trial was carried out in
2014-2015 and 2015-2016 production seasons according to randomized block design and was repeated four times.
Each parcel size was 5Smx5m=25 m?, with minimum distances of 2 m between blocks and parcels.

Wood vinegar (WV) was bought from a company producing it Broiler chicken breeding waste through carbonization
technique (Namli, Akga, Turgay & Soba, 2014). Pesticide, fertilizer and treatment calendar was based on BERCE’s
treatment calendar about the use of pesticides on wheat diseases and weeds. Treatments were made by means of 16
L backpack sprayer (Anadolu Power APW-16).

The climatic data of the study area for the last ten years, for the first season (2014-2015), and the last season (2015-
2016) were as such (respectively): Total rainfalls were 740.5 mm, 740.4 mm and 790.1 mm; average temperatures
were 10.62 °C, 11.55 °C and 11.48 °C and average relative humidity values were (60.79%, 55.02% and 54.00%)
(Mus meteorological provincial directorate records).
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These treatments were carried out in the study; 1) pesticide treatment, 2) 0.5% - 1% - 2% -3%- 4% and 5% ml wood
vinegar (WV) treatments that correspond to pesticide treatment, 3) control treatment with water in which no
pesticides and WV were used. During the trial period, one-time treatment was carried out in 2014-2015 and four time
treatments had been carried out in 2015-2016 (Pesticide treatment calendar was based on BERCE’s treatment
calendar about the use of pesticides on wheat diseases and weeds).

In 2014-2015 treatment period, Weed killer D® (herbicide, active ingredient: 2,4-D Acid Dimethylamin, 1000 mi/ha,
Koruma, Koruma Tarim) and Duett super® (fungicide, active ingredient: 84 g It Epoxiconazole and 250 g It
Fenpropimorph, 1000 ml ha, Basf, BASF Agricultural Solutions Turkey), and in 2015-2016 treatment period Input®
(fungicide, active ingredient: 160 g It Prothioconazole + 300 g It Spiroxamine, EC, 1000 ml ha, Bayer, Bayer Crop
Science), Harmony platinum® (herbicide, active ingredient: 37.5% Thifensulfuron methyl + 37.5% Tribenuron
methyl, DF, 20 g ha, Bayer, Bayer Crop Science), Duett super® (fungicide, active ingredient: 84 g It Epoxiconazole
and 250 g It Fenpropimorph, 1000 ml ha, Basf, BASF Agricultural Solutions Turkey), Attribut super WG 20®
(herbicide, active ingredient: 6.75% Propoxy carbazone-sodium + 4.5% Mesos ulfuron-methyl, WG, 200 g ha, Bayer,
Bayer Crop Science) and Biopower®(1000 ml ha, Bayer, Bayer Crop Science) mixtures were prepared and treated
on the parcels on which pesticides are used. On the other hand, 0.5%, 1%, 2%, 3%, 4%, and 5% ml WV were used
on WV parcels and only water was used on control group parcels.

Density of weeds was calculated by observing 1 m? frame taken from three different parts of each parcel. Collected
weeds were dried with herbarium technique and they have become herbarium materials after being enumerated and
properly recorded. Works entitled “Flora of Turkey and the East Aegean Islands” (Davis, 1965-1985; Davis, Mill &
Tan, 1988), (Giiner, Ozhatay, Ekim & Baser, 2000) were used in diagnosing the plants. Furthermore, samples in the
Herbarium of Van Yiiziincii Y1l University (YYU), Faculty of Science, Department of Biology (VANF) were used
and comparisons were made. The plants collected for this study are kept in the VANF. Author and plant names have
been checked according to Giiner, Aslan, Ekim, Vural & Babag (2012). Weeds in one square meter frame area were
cut from the surface of soil and dried for 48 hours at 70 °C in drying chamber. Weed biomass was determined at the
end of this specific process (Kaydan, Tepe, Yagmur & Yergin, 2011). Ten cultivated plants that were randomly
chosen from each parcel were evaluated in terms of plant height, harvest index (%), number of seed per spica, grain
yield per spica, thousand kernel weight (Tugay, 1999) and early earing (TAGEM).

Minitab (Ver. 17) and IBM SPSS (Ver. 24) statistics package programs were used for statistical analysis Analyses of
categorical data with non-normal distribution was carried our using simple correspondence analysis method.
Variance analysis technique was used in repeated measurement ANOVA in order to determine the effect of treatments
on weed dry weight, cultivated plant yield and growth parameters (Winer, Brown & Michels, 1971).

RESULTS AND DISCUSSION

Weeds under 16 different family were determined during the study; 4 of them are genus while 32 of them were in
species level (Table 1).

Table 1. Weeds Identified in the Test Field
Line no Name
Vicia anatolica Turrill (Fabaceae)
Trifolium echinatum M.Bieb (Fabaceae)
Lathyrus inconspicuus L. var. (Fabaceae)
Trifolium sp. (Fabaceae)
Lathyrus gloeospermus Warb.& Eig (Fabaceae)
Lathyrus aphaca L. var modesta P. H. Davis (Fabaceae)
Glycyrrhiza glabra L. var. glandulifera (Waldst. & Kit.) Boiss (Fabaceae)
Cichorium glandulosum Boiss. & A.Huet (Asteraceae)
Tripleurospermum disciforme (C.A.Mey) Sch. Bip. (Asteraceae)
10 Tragopogon buphthalmoides (D.C.) Boiss. var. bupthalmoides (Asteraceae)
11 Lactuca serriola L. (Asteraceae)
12 Lapsana communis L. (Asteraceae)
13 Senecio vernalis Waldst. & Kit. (Asteraceae)
14 Centaurea depressa (Asteraceae)
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15 Centaurea balsamita (Asteraceae)

16 Sedum nanum Boiss. (Crassulaceae)

17 Erodium absinthoides Willd. subsp. armenum (Trautv.) P. H. Davis (Geraniaceae)
18 Galium verum L. subsp. verum (Rubiaceae)

19 Convolvulus arvensis L. (Convolvulaceae)

20 Thlaspi perfoliatum L. (Brassicaceae)

21 Polygonum bellardii All. (Polygonaceae)

22 Polygonum sp. (Polygonaceae)

23 Cerastium longifolium Willd. (Caryophyllaceae)

24 Cerastium dichotomum L. subsp. dichotomum (Caryophyllaceae)
25 Ornithogalum narbonense L. (Asparagaceae)

26 Papaver dubium L. (Papaveraceae)

27 Eromopoa songarica (Schrenk) Rashev. (Poaceae)

28 Alopecurus myosuroides Hudson var. myosuroides (Poaceae)

29 Cynodon dactylon (1.) var. villosus Regel (Poaceae)

30 Nigella segetalis M. Bieb. (Ranunculaceae)

31 Ranunculus arvensis L. (Ranunculaceae)

32 Adonis aestivalis L. (Ranunculaceae)

33 Consolida oliveriana (DC.) Schrod. (Ranunculaceae)

34 Orobanche alba Stephan ex Willd. subsp. alba (Orobanchaceae)
35 Veronica sp. (Plantaginaceae)

36 Euphorbia sp. (Euphorbiaceae)

Effect of Treatments on Weed Dry Weight

Statistical analysis revealed that the effect of the treatments on weed dry weight varied in the years (P=0.002) (Table
2). The treatment in 2014-2015 season was not as efficient as the other pesticide treatments; it was believed that this
might have resulted from the fact that herbicide treatment in that season was carried out late because of climate and
field conditions (26 May, 2015).

Table 2. Weeds Dry Weight (g) In Terms Of Year and Treatment and Tukey Multiple Comparisons Test Results

Years Treatments X F Sg Minimum (g) Maximum (g)
0.5% ml WV 8.65+295 Ba 1.64 15.99
1% ml WV 20.75 +£8.43 Ba 5.77 43.07
© 2% ml WV 10.62+0.77 Ba 8.79 12.53
8 3% ml WV 8.92+2.89 Ba 1.47 15.28
S 4% ml WV 18.14+4.52 Ba 6.10 27.82
& 5% ml WV 9.03+2.49 Ba 2.08 13.84
Pesticide 1259+ 324 Aa 341 18.47
Control 12.81 +£5.79 Ba 3.37 28.35
0.5% ml WV 173.60 £17.20 Aa 139.20 219.00
1% ml WV 168.80 +46.10 Aab 44.30 260.60
© 2% ml WV 190.60 £25.00 Aa 130.60 249.00
8. 3% ml WV 270.40+12.70 Aa 245.60 305.80
© 4% ml WV 173.10+32.50 Aa 97.60 248.40
& 5% ml WV 239.60 +27.80 Aa 205.60 321.80
Pesticide 55.10+£19.10 Ab 5.40 87.00
Control 182.20+42.70 Aa 77.40 285.40

“Differences treatment doses treated in the same year represented with different lower-case letters are important (P<0.05).
“Differences between the years represented with different upper-case letters with the same treatment dose are important (P<0.05).

It was seen that a similar result has been obtained by Kivileim-Kiling (2015) in their study. It was determined that
minimum average weed weight was in pesticide treatment (33.85 g), while maximum was in 3% ml WV treatment
(139.66 g). Similar results were obtained in the studies by Curaoglu (2008); Uysal (2012); Shehzad, Magsood,
Anwar-ul-Haq & Niaz (2012); Tepe & Nemli (1993) in terms of the effectiveness of pesticides on weed. On the other
hand, there were similar results in the literature about the inefficiency of WV treatments (Rico, Mintah, Kim, Chung,
Son & Lee, 2007). As mentioned before, weed dry weight in 2015-2016 (1453.40 g) was higher when compared to
2014-2015 (101.51 g); it was believed that insufficiency of WV in terms of preventing weed and climate conditions
in 2015-2016 are the resources of this situation.



KSU Miihendislik Bilimleri Dergisi, 23(2), 2020 98 KSU J Eng Sci, 23(2), 2020
Arastirma Makalesi Research Article
I. Kog, S. Yildiz, E. N. Yardim

Effect of Treatments on the Amount and Species of Weed

In 2014-2015, while the weed species T (V. anatolica), W (Euphorbia sp.), U (T. echinatum), N (C. dactylon), Y (L.
gloeospermus), Z (L. communis), Q (L. aphaca), S (C. glandulosum), E (E. songarica), O (S. nanum), G (L.
inconspicuus), F (Trifolium sp.) and P (C. arvensis) (Figure 1); In 2015-2016, E (L. communis), O (L. gloeospermus),
P (C. longifolium), J (A. myosuroides), R (L. inconspicuus), M (Veronica sp.), H (O. alba), T (Trifolium sp.), F (G.
verum), K (A. aestivalis), U (T. echinatum) and V (A. myosuroides) did not have relation with any of the treatments,
it was seen that the other weeds had relations with other pesticide treatments (Figure 2, Tablel).
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Figure 1. Simple Correspondence For the Relations Between 2014-2015 Season’s Treatment and
Sampling Dates In Terms Of the Number of Weeds
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Figure 2. Simple Correspondence For the Relations Between 2015-2016 Season’s Treatment and
Sampling Dates In Terms Of the Number of Weeds
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It was determined that some of the weed types have no interactions with any of the treatments. It was believed that
this may have resulted from the fact that there was no weed in some of the parcels (0). It is measured that minimum
average number of weeds was seen in parcels treated with pesticides (598) while the maximum average number was
seen with 2% ml WV (1511.5). It was seen that pesticides were efficient in weed control in general. It was observed
that this result was in line with the study results obtained by Khan, Khan, Khan, Imran, Idrees & Bib1 (2013), Shehzad,
Magsood, Anwar-ul-Hagq & Niaz (2012) and Ghulam, Ali, Raffagat, Zafar, Muhammad & Muhammad (2010).
Although timing of 2015-2016 (15869) season pesticide treatment was better than the timing of 2014-2015 (4812)
season, the number of weeds was higher. It was believed that this may be resulted from the inefficiency of WV
against weed and the higher amount of rainfall during that season.

Effect of Treatments on Plant Height

As a result of the variance analysis, the effect of Year x Treatments interaction on cultivated plant height was not
statistically significant (P=0.084); on the other hand, when the effects of Year and Treatment were separately
analyzed, it was seen that they were statistically significant (P=0.039). It was found that minimum average plant
height was in 1% ml WV treatment (57.98 cm), while maximum average plant height was found in 5% ml WV
treatment (62.16 cm) (Table 3).

Table 3. Identification Statistics of Plant Height In Terms Of Treatments and Tukey Multiple Comparisons Test

Results

Treatments N X+ Sx Minimum (cm) Maximum (cm)
0.5% ml WV 80 60.34 = 1.04 ab 35.40 79.00
1% ml WV 80 57.98+£093b 39.40 82.00
2% ml WV 80 59.86+1.14 ab 36.00 88.00
3% ml WV 80 59.42+£0.97 ab 37.00 82.00
4% ml WV 80 59.06 £ 0.97 ab 41.00 79.00
5% ml WV 80 62.16+1.01 a 38.00 89.00
Pesticide 80 5836+ 1.25ab 37.50 91.00
Control 80 60.12 + 0.89 ab 45.00 83.00

“Differences between the averages represented with different letters are statistically significant (P<0.05).

It was determined that when compared to 2014-2015 (64.08 cm), average plant height in 2015-2016 (55.24 cm) was
smaller (Table 4). The specific efficiency of 5% WV (62.16 cm) when compared to control treatment may have
resulted from the positive impact of components in WV. This result was in agreement with the findings obtained by
Nurhayati, Roliadi & Bermawie (2005) and Saberi, Askary, Sarpeleh & Gharalari (2013).

Table 4. Identification Statistics of Plant Height In Terms Of Treatments During 2014-2015 and 2015-2016

Seasons
Years N X + Sg Minimum (cm)  Maximum (cm)
2014-2015 320 64.08 £0.50 37.00 91.00
2015-2016 320 55.24+£0.41 35.40 73.50

“Difference between 2014-2015 and 2015-2016 seasons’ averages is statistically significant (P<0.05).
Effect of Treatments on Earing Period

It is determined that May 29, 2015 treatment was related with 5% ml WV while June 7, 2015 and June 19, 2015
treatments were both inter-relational and related with 1%, 3% and 0.5% ml WV samplings (Figure 3). It was seen
that there was no distinct relation between treatments and samples except from May 22, 2016. It was found that
effects of all of the treatments on the number of earing were similar (Figure 4).



KSU Miihendislik Bilimleri Dergisi, 23(2), 2020 100 KSU J Eng Sci, 23(2), 2020
Arastirma Makalesi Research Article

I. Kog, S. Yildiz, E. N. Yardim

010
0.05
o~
[
@ wosser UM a i WVRIm WYHS
< 00 o — ‘ o e o 2
Q WV %4 ml o gy ° 29 May 2015
g. 19 jume 2013 Peathaiaaa
o
o
-0.05
-0.10
-0.10 -0.05 0.00 0.05 010

Component 1
Figure 3. Simple Correspondence Analysis Graphic For the Relations Between 2014-2015 Season’s

Treatment and Sampling Dates In Terms the Number of Earing
0.6
0,5
0.4

0,3

0.2

Component 2

0,1

07 june 20186
WV %4 mi

2 WV %0,5 mi
™Y '
0.0 wgr Ml o
. 14 ju A ml 22 May 2016
WV %S mi Pesticides

-0,1
-0,1 0,0 0.1 0,2 0,3 0.4 0,5 0.6
Component |
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Although there was not a significant difference between treatments, it was also seen that there is a relative bigger

effect of 5% ml WV on earing period. It was concluded that this may be resulted from the positive impacts of WV
components.

Effect of Treatments on the Number of Seed Per Spica
Variance analysis on the effect of Year x Treatment interaction was not statistically significant in any of the features

(P=0.428). On the other hand, separate Year and Treatment dose effects were found to be statistically significant
(P=0.000). Minimum average number of seed per spica was found in 2% ml WV treatment (24.35), while maximum



KSU Miihendislik Bilimleri Dergisi, 23(2), 2020 101
Arastirma Makalesi

KSU J Eng Sci, 23(2), 2020
Research Article
I. Kog, S. Yildiz, E. N. Yardim

was determined in pesticide (46.51) (Table 5). Average number of seed per spica in 2015-2016 (32.78) was higher
than the number in 2014-2015 (26.64) (Table 6).

Table 5. Identification Statistics of Number of Seed Per Spica In Terms Of Treatments and Tukey Multiple
Comparisons Test Results

Treatments N X + Sg Minimum Maximum
0.5% ml WV 8 2591+137b 17.70 29.20
1% ml WV 8 2034+2.17b 22.40 40.10
2% ml WV 8 2435+1.37D 19.60 30.40
3% ml WV 8 2857+ 1.71b 22.20 36.10
4% ml WV 8 28.09+1.82b 20.90 36.10
5% ml WV 8 29.35+2.84D 20.60 45.80
Pesticide 8 46.51+1.89a 40.10 54.10
Control 8 25.54+£1.56b 16.50 31.80

“Differences between averages represented with different letters are statistically significant (£<0.05).

Table 6. General Identification Statistics For 2014-2015 and 2015-2016 Seasons’ Number of Seed Per Spica In
Terms Of Treatments

Years N X+ Sx Minimum Maximum
2014-2015 32 26.64 £ 1.25 16.50 44.90
2015-2016 32 32.78 £ 1.50 23.60 54.10

“Difference between 2014-2015 and 2015-2016 seasons’ averages is statistically significant (P<0.05).

Although only pesticide treatment seems to be statistically significant, it was seen that other averages are slightly
higher except for 2% ml WV treatment. It was believed that this statistically significant difference between the parcels
treated with pesticide results from the efficiency of pesticides that were used for controlling weed and diseases. There
were studies in the related literature involving similar results (Rodrigo, Cuello-Hormigo, Gomes, Santamaria, Costa
& Pablaciones, 2015; Blandino, Minelli & Reyneri, 2006; Khan, Khan, Khan, Imran, Idrees & Bib1, 2013; Shehzad,
Magsood, Anwar-ul-Haq & Niaz, 2012). Although they were not statistically significant, most of the WV treatments
increased average number of seed per spica when compared to control. The study by Mungkunkamchao, Kesmala,
Pimratch, Toomsan & Jothityangkoon (2013) supports this finding.

Effect of Treatments on Grain Yield Per Spica

Variance analysis on the effect of Year x Treatment interaction on grain yield per spica was not statistically
significant (P=0.417). On the other hand, separate Year and Treatment dose effects were found to be statistically
significant (P=0.000). Minimum average grain yield per spica is found in 2% ml WV treatment (0.80 g), while
maximum is determined in pesticide (1.67 g) (Table 7). Average grain yield per spica in 2015-2016 (1.09 g) was
higher than the grain yield per spica in 2014-2015 (0.96 g) (Table 8).

Table 7. Identification Statistics of Grain Yield Per Spica In Terms Of Treatments and Tukey Multiple
Comparisons Test Results

Treatments N X + Sg Minimum (g) Maximum (g)
0.5% ml WV 8 0.85+0.06b 0.58 1.04
1% ml WV 8 1.04+£0.08b 0.82 1.54
2% ml WV 8 0.80+0.03b 0.70 0.92
3% ml WV 8 1.02+0.07b 0.80 1.39
4% ml WV 8 1.00£0.08 b 0.73 1.34
5% ml WV 8 096+£0.12b 0.47 1.58
Pesticide 8 1.67+0.08 a 1.36 2.01
Control 8 0.87+0.06 b 0.56 1.01

* Differences between averages represented with different letters are statistically significant (P<0.05).

Table 8. Identification Statistics For 2014-2015 and 2015-2016 Seasons’ Thousand Kernel Weight

Years N X + Sg Minimum (g) Maximum (g)
2014-2015 32 0.96 £ 0.04 0.56 1.57
2015-2016 32 1.09 +0.07 0.47 2.01

“Difference between 2014-2015 and 2015-2016 seasons’ averages is statistically significant (P<0.05).
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Pesticide treatment’s positive effect on grain yield per spica was in line with the results obtained by Blandino, Minelli
& Reyneri (2006), Shehzad, Magsood, Anwar-ul-Hagq & Niaz (2012), Khan, Khan, Khan, Imran, Idrees & Bib1
(2013), Rodrigo, Cuello-Hormigo, Gomes, Santamaria, Costa & Poblaciones (2015). On the other hand, it was
observed that grain yield per spica was higher in all of the WV treatments except for 0.5% and 2% ml WV treatments
when compared to the control. It is thought that difference between treatments may result from the pesticide, different
weed population density, the number of pests and predators. Positive effect of WV in the study was in line with the
findings of Yoshimura, Washio, Yoshida, Seino, Otaka, Matsubara & Matsubara (1995) and Jothityangkoon,
Koolachart, Wanapat, Wongkaew & Jogloy (2008).

Effect of Treatments on Thousand Kernel Weight

At the end of the variance analysis, it was observed that the effect of Year x Treatment dose interaction on thousand
kernel weight was not statistically significant (P=0.163). On the other hand, separate Year and Treatment dose effects
were found to be statistically significant (P=0.005). Minimum average thousand kernel weight is found in 2% ml
WYV treatment (34.23 g), while maximum was determined in pesticide (37.85 g) (Table 9).

Table 9. Identification Statistics of Thousand Kernel Weight In Terms Of Treatments and Tukey Multiple
Comparisons Test Results

Treatments N X+ Sx Minimum (g) Maximum (g)
0.5% ml WV 8 3439+ 1.16b 30.40 39.40
1% ml WV 8 36.06 = 0.86 ab 31.40 38.90
2% ml WV 8 34.23+0.65b 31.30 36.30
3% ml WV 8 36.33+0.47 ab 34.10 38.80
4% ml WV 8 3521 +1.11ab 30.20 39.00
5% ml WV 8 35.09 £0.98 ab 29.60 38.80
Pesticide 8 37.85+032a 36.70 39.80
Control 8 3499 +1.02 ab 32.00 38.90

“Differences between averages represented with different letters are statistically significant (P<0.05).

Average grain yield per spica in 2015-2016 (33.98 g) was lower than the grain yield per spica in 2014-2015 (37.06
2) (Table 10). It was thought that pesticide treatment’s statistical significance when compared to the other treatments
results from the positive impact of pesticides that were used (Sanli, Kaya & Kara, 2009; Bari, 2010; Balaz, Solarov,
Vuckovi¢ & Bagi, 2011; Khan, Khan, Khan, Imran, Idrees & Bibi, 2013). It was determined that the data about WV
were similar with the findings obtained by Yoshimura, Washio, Yoshida, Seino, Otaka, Matsubara & Matsubara
(1995), Mungkunkamchao, Kesmala, Pimratch, Toomsan & Jothityangkoon (2013), Jothityangkoon, Koolachart,
Wanapat, Wongkaew & Jogloy (2008).

Table 10. Identification Statistics For 2014-2015 and 2015-2016 Seasons’ Thousand Kernel Weight In Terms Of

Treatments
Years N X + Sy Minimum (g) Maximum (g)
2014-2015 32 37.06 £0.31 33.50 39.80
2015-2016 32 33.98+0.42 29.60 38.00

* Difference between 2014-2015 and 2015-2016 seasons’ averages is statistically significant (P<0.05).
Effect of Treatments on Harvest Index (%)

At the end of the variance analysis, it was seen that the effect of Year x Treatment dose interaction weight was not
statistically significant (P=0.053). On the other hand, separate Year and Treatment dose effects were found to be
statistically significant (P=0.002). Minimum average harvest index was found in control (37.34%), while maximum
was determined in pesticide (46.65%) (Table 11). Average harvest index in 2015-2016 (45.47%) was higher than the
harvest index in 2014-2015 (38.56%) (Table 12). It was observed that when compared to the control (37.34%),
pesticide (46.65%) and 1% ml and WV (45.09%) treatments were significantly different. It was believed that high
harvest index in pesticide was resulted from the positive results of disease and weed control.

Table 11. Identification Statistics of Harvest Index (%) In Terms Of Treatments and Tukey Multiple Comparisons
Test Results
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Treatments N X+ Sx Minimum Maximum
0.5% ml WV 8 41.11 £ 2.54 abe 32.69 56.63
1% ml WV 8 45.09 +3.81 ab 35.22 62.97
2% ml WV 8 39.96 +2.31 abc 34.71 50.29
3% ml WV 8 43.60 +2.75 abc 35.35 60.36
4% ml WV 8 43.55+£2.69 abc 35.73 55.87
5% ml WV 8 38.80+ 1.78 be 31.13 49.19
Pesticide 8 46.65+0.94 a 43.12 50.86
Control 8 3734+ 1.65¢ 30.89 44.18

“Differences between averages represented with different letters are statistically significant (P<0.05).

Table 12. Identification Statistics For 2014-2015 and 2015-2016 Seasons’ Harvest Index (%) In Terms Of

Treatments
Years N X+ Sx Minimum Maximum
2014-2015 32 38.56 +0.61 32.53 42.03
2015-2016 32 45.47+1.46 30.89 62.97

“Difference between 2014-2015 and 2015-2016 seasons’ averages is statistically significant (P<0.05).
CONCLUSION

Chemical control method is one of the most commonly used techniques for controlling organisms that cause harm to
the agricultural products. But these chemicals might threaten all of the living organisms that are not their target,
including human beings besides polluting soil, air and water; there are various other negative impacts of these
chemicals which are impossible to summarize. Therefore, it is highly important for us to prefer natural and safe
products that can be used instead of these chemicals; today’s world and the world in the future needs this replacement.
It was observed that when compared to control group, pesticide treatment decreased weed in terms of variety and dry
weight, it significantly increased values such as grain size, number of seeds per spica, grain yield per spica and
harvest index of cultivated plants. On the other hand, it is determined that 1% ml vinegar had a significant effect on
higher yield index.
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OZET

Bu calismada 150x230x1400 mm boyutlarindaki, egilme deneyine tabi tutulan betonarme kirislerin davranist
goriintli isleme metodu kullanilarak tespit edilmeye ¢alisilmistir. Kiriglerde yiikleme sonucu olusan g¢atlaklarin
tespit edilmesi, kiris yiizey gerilmelerinin zamana bagli degisiminin gorsellestirilmesi ve kirislerin yiizeyinde
olusacak olas1 ¢atlaklarin ¢atlama olmadan 6nce belirlenmesi amaci ile goriintli isleme teknigi kullanilmaktadir.
Kiriglerdeki zamana bagli olusan deplasmanlarin goriintii isleme teknigi ile belirlenerek, klasik yontem olan
deney diizeneginden deplasman dlgerle elde edilen deplasman degerleri ile karsilastirilmasi amaglanmaktadir. Bu
amagcla kirisler egilme diizenegine alinmadan 6nce birtakim boyama islemlerine tabi tutulmus daha sonra yiiksek
¢Ozliniirlikli kamera ile video kayitlar1 alimmistir. Elde edilen goriintiiler goriintii isleme paket programlar ile
analiz edilerek deplasman degerleri, catlaklar ve gerilme dagilimi belirlenmeye ¢aligilmigtir. Bu deney 6zelinde
gorilintli isleme tekniginin ingaat miithendisligi laboratuvar uygulamalarinda kullaniminin avantajlari tartigilarak
deneysel ¢alismalarda etkin bir arag olarak kullanilabilecegi ortaya koyulmustur.

Anahtar Kelimeler: goriintii isleme, kiris deplasmani, kiris egilme deneyi, kirislerde ¢atlak, kirislerde gerilme
ABSTRACT

In this study, the behavior of 150x230x1400 mm sized reinforced concrete beams, which were subjected to
bending experiment, was tried to be determined by using image processing method. Image processing technigque
is used to detect cracks formed as a result of loading in beams, to visualize the change of beam surface stresses
over time and to determine possible cracks on the surface of beams before they crack. It is aimed to determine the
displacement of the timers on the beams with the image processing technique and to compare them with the
displacement gauge obtained from the classical test method. For this purpose, the beams were subjected to a
number of painting processes before they were taken into the bending mechanism, and then video recordings were
taken with a high resolution camera. The obtained images will be analyzed with image processing package
programs, and displacement values, cracks and stress distribution will be determined. In this experiment, the
advantages of using image processing technique in civil engineering laboratory applications will be discussed.

Keywords: image processing, beam displacement, beam bending test, beam crack, beam stress
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GIRIS

Giinlimiizde bilgisayar teknolojileri neredeyse hayatin her alaninda etkin bir sekilde kullanilmaktadir. Bunun
nedeni yapilan bir¢cok islemi daha hizli, sistematik ve pratik bir sekilde gerceklestirerek bize kolaylik
saglamasidir. Teknolojinin her gecen giin gelismesine paralel olarak bilgisayarlar da daha giiglii ve hizli bir hale

gelmektedir. Bu da bilgisayarlarla yapilabilecek islemleri ¢esitlendirmektedir. Goriintii isleme (image processing)
de bunlardan bir tanesidir (Jahne, 2004).

Gorilintii isleme metodu tipki insan gérme sisteminin goriintiileri algilayip tamimlamasi ve degerlendirmesine
benzemektedir. Goriintii isleme kisaca dijital goriintii alicilar vasitasiyla goriintiilerin alinip bir takim islem
adimina tabi tutularak bilgisayarca tanimlanmasi ve istenilen amaca uygun olarak gdriintiilerin yorumlanmasi
olarak tanmimlanabilir (Cankaya & ark., 2013; Bilici, 2017; Jéhne, 2004). Goriintii islemeden giinliimiizde tip,
biyomedikal, uzay ve havacilik, savunma sanayisi, miihendislik, sanat, egitim gibi pek c¢ok alanda
faydalanilmaktadir (Comak & ark., 2011). Son yillarda insaat miithendisligi laboratuvar uygulamalarinda goriintii
isleme metodunun kullamim yayginlagsmaktadir. Goriintli islemenin ingaat miihendisligi laboratuvar
uygulamalarinda kullanilmasina yonelik literatiirde ¢esitli ¢alismalar mevcuttur (Yue & ark., 1995; Mora ve ark.,
1998; Coster & Chermant, 2001; Chambon & Moliard, 2011; Moon & ark.,2014; Dal, 2018; Kurt, 2018; Yilmaz,
2019; Aydin, 2019).

Betonun mekanik 6zelliklerinin belirlenmesine yonelik deneylerde de goriintii isleme metodu kullanilmaktadir
(Onat, 2008; Cankaya & ark., 2013; Lee & ark., 2011; Rimkus & ark., 2015; Liu & ark., 2016; Bilici, 2017,
Dogan, 2018). Bu deneylerden bir tanesi de ii¢c nokta egilme deneyidir. U¢ nokta egilme deneyi sabit iki mesnet
iizerine yerlestirilen kirisin orta noktasindan diisey yiik uygulanarak kirisin bu yiike kars1 gosterdigi mukavemetin
ve bu yiik altinda gogiinceye kadar yaptig1 diisey deplasmanin zamana bagl olarak Sl¢iilmesidir (Capik, 2015;
Mindivan, 2017). Geleneksel yontemlerde kirisin zamana bagli olarak yaptig1 deplasman kirigin alt orta noktasina
yerlestirilen deplasman Olgerin kablolu bir sensor agiyla bilgisayara baglanarak birim zamanda yapilan
deplasmanin kaydedilmesi seklinde gerceklestirilir. Bu yontemin bazi dezavantajlar1 vardir. Bunlar deplasmanin
sadece deplasman Olgerin konuldugu noktadan olgiilebilmesi, kullanilan arag-gereclerin pahali olmasi, 6lglimiin
yapilabilmesi i¢in 6nemli miktarda kablolamanin gerektigi bir sensor agina ihtiya¢ olmasi ve sistemin kurulumu
icin fazladan zaman, enerji harcanmasi seklinde siralanabilir (Bilici, 2017; Karamese, 2018). Ayrica numunelere
fiziksel olarak temas eden Olgiim aletlerinin sistemin dogal davranisin1 bozmasi gibi bir olasilikta mevcuttur
(Dogan, 2018). Geleneksel yontemlerin bu dezavantajlarindan dolay1 alternatif yeni yontemler gelistirilmeye
calisiimistir. Klasik yontemlerle kiyaslandiginda goriintii isleme ile kiris deplasmanin belirlenmesi; her hangi bir
kablolu sensor agina ihtiya¢ duyulmamasi yoniiyle zamandan ve enerjiden tasarruf edilmesi, kirisin istenilen
herhangi bir noktasinda olusan deplasmanin Slgiilmesi yoniiyle daha efektif ¢aligma imkani1 saglamasi, sisteme
temas etmemesi yoniiyle sistemin dogal davranmigina etki etmemesi, deneyler tamamlandiktan sonra bile video
kayitlarindan Ol¢lim alinabilmesi ve pahali deney aletlerinin kullanimmin kisitlanmasi yoniiyle de deney
maliyetini diislirmesi gibi avantajlar1 vardir (Karamese, 2018; Onat, 2008).

Bu calismada, egilme deneyine tabi tutulan betonarme kiriglerin zamana bagl olarak yaptigi deplasman degerleri
goriintii isleme ve klasik sensor dlciimiine dayali teknikler kullamlarak belirlenmistir. ki farkli 6lciim teknigi
karsilagtirilarak goriintii isleme tekniginin bu analizlerde kullanilabilirligi irdelenmistir. Ayrica kiriglerin yilizey
gerilmeleri ve yiizeylerinde olusan gatlaklarin zamana bagli degisimi gorsel olarak analiz edilmistir.

MATERYAL

Malzeme

Iskenderun Teknik Universitesi yap1 laboratuvarinda makro sentetik fiber lif katkil1 ve katkisiz kirislerin egilme
deneyleri i¢in hazirlanmig olan 150 mm eninde 230 mm yiiksekliginde ve 1400 mm uzunlugunda 2 adet
betonarme kiris kullanilmstir. Kirislerin boyutlar1 ve donatilar1 birbirileri ile 6zdes olup Sekil 1°de gosterildigi
gibidir. Donat1 olarak S420 nerviirlii betonarme ¢eligi kullanilmigtir. Boyuna donati ¢ap1 12 mm ve enine donati
(etriye) cap1 8 mm’dir.
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Sekil 1. Kiris Boyutlar1

Kiris numunelerine ait beton karigim oranlart Tablo 1°de verilmistir. Kirislerin beton karisimlari hazirlanirken
Kiris-1 katki maddesi kullanilmadan, Kiris-2 hacimce % 0,4 oraninda makro sentetik fiber lif katki maddesi

kullanilarak hazirlanmustir.
Tablo 1. Kiris Numunelerine Ait Beton Karisim Oranlari

Numune  Cimento (kg/m®)  Su (kg/m®  0-4 mm agrega (kg/m®)  4-11 mm agrega (kg/m3)  MSF (kg/m?)

Kiris-1 271.35 135.67 488.42 325.62 0

Kiris-2 271.35 135.67 488.42 325.62 4

U¢ Nokta Egilme Deneyi ile Kiris Deplasmanlarinin Belirlenmesi

Ucg nokta egilme deneyi ile kiriglerin zamana bagl yaptig1 diisey deplasman belirlenirken; iki sabit mesnet arasina
yerlestirilen kiris numunelerinin iist orta noktasindan hidrolik bir piston yardimi ile diisey yiik uygulanir.
Kiriglerin alt orta noktasina yerlestirilen deplasman olger bilgisayara baglanarak kirislerin zamana bagh diisey

yonde yaptigi deplasmanlar elde edilir.

> HIDROLIK PISTON

—+——> pEPLASMAN (L CER

mESNET £ T
= MESNET

FHAGLANTI KABLOSU
200

200 . 1000

Sekil 2. Kirislerin Deney Diizenegine Yerlesimi

Iskenderun Teknik Universitesi yap:1 laboratuvarinda gerceklestirilen deneylerde kirisler Sekil 2 ve Sekil 3’de
goriildugl gibi agikligt 1000 mm olacak sekilde mesnetler tizerine yerlestirilmistir. Daha sonra 50 ton yik
uygulama kapasiteli hidrolik piston ile agiklik ortasindan yiik uygulanmistir. Deplasman olger vasitasi ile
kiriglerin zamana bagl yaptig1 diisey deplasmanlar belirlenmistir.
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Sekil 3. Ug Nokta Egilme Deney Diizenegi

Goriintii Isleme Metodu Ile Kiris Deplasmanlarinin Belirlenmesi

Goriintii nesne iizerine gelen 15181in yansimasidir (Dinger, 2009). Goriintii isleme dogada var olan goriintiilerin
optik bir alic1 vasitasiyla alindiktan sonra bu goriintiilerin bilgisayar ortamina aktarilarak burada goriintiiden
istenilen amaca gore bilgi ¢ikarma islemidir. Goriintii isleme ile ilgili birgok yontem ve algoritma gelistirilmistir
(Karamese, 2018). Bu ¢alismada goriintii isleme i¢in Gom Correlate bilgisayar programi kullanilmistir. Gom
Correlate dijital goriintii korelasyonu teknigi ile sisteme temas edilmeden deformasyon Ol¢iimlerinin ve gerilme
y1gilmalarinin belirlenmesine olanak saglamaktadir. Gom Correlate, yazilimi kendi igerisinde gomiilii halde hazir
bulunan bir goriintii isleme programidir. Programin temel c¢alisma mantig1 goriintli icerisindeki noktalarin
baslangic konumundan itibaren yer degistirmelerinin takibine dayanmaktadir. Video baslangicinda goriintii
cergevesi icerisindeki noktalarin yerleri program tarafindan otomatik olarak belirlenir daha sonra video ilerledikce
ardisik iki goriintii ¢ergevesi arasindaki noktalarin goreli yer degistirmeleri birbiriyle iliskilendirilir ve video
sonuna kadar bu islem tekrar edilir. Boylelikle noktalarin baslangigtan son duruma kadar yer degistirmeleri
belirlenmis olur (GOM Metrology, 2011). Mevcut programda goriintii karesi piksellerden olusmaktadir.
Dolayisiyla uzunluk 6l¢iimii yapilabilmesi i¢in piksellerin metrik kalibrasyonunun yapilmasi gerekmektedir. Bu
caligmada metrik kalibrasyon kiris yliksekligi baz alinarak yapilmistir.

Kirig numunelerinin goriintii isleme asamalart:

e Hazirlanan kiriglerin (Sekil 4) yiizeyindeki noktalarin bilgisayar programinca daha net secilebilmesi
amaciyla, kiriglerin kamera kaydi alinacak yiizeyleri 6nce beyaza boyandi daha sonra olusan beyaz ylizey
iizerinde noktalar olusacak sekilde siyah boya ile piiskiirtme/sigratma yapilarak boyandi (Sekil 5).

M g R R §f o4 . e Mo
S . et PV e {3, AT LI (AT I
< * : : » »
* ) =) o

teitd 3

Sekil 4. Kiris Numunelerinin Boyanmadan Onceki Hali
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Sekll 5. Kiris Numunelermln Boyandiktan Sonrak1 Hah

e Daha sonra kirisler boyali yiizeyleri kameraya bakacak sekilde deney diizenegine yerlestirildi. Kiriglerin
yiizeyini tam dik aciyla cekebilecek bigimde kamera sabitlendi. Cekim igin 3840x2160 piksel
coziiniirligiinde ve 30 fps (frame per second, saniyedeki goriintii karesi sayis1) video kayit dzelligine
sahip cep telefonu kamerasi kullanilmistir. Cekimler baslamadan once yine noktalarin programca daha
rahat secilebilmesi i¢in deney diizeneginin arkasina siyah fon perde cekilerek kirislerin ilk yiik aldigi
andan gogiinceye kadarki davraniglarinin video kayitlari alinmustir (Sekil 6).

Sekil 6. Kamera Kayit Diizenegi

e Alinan video kayitlarinin goriintii isleme teknolojisi kullanilan paket program ile de analiz edilerek
kiriglerin zamana bagl yaptig1 diisey deplasman degerleri ve yiizey gerilmeleri belirlenmistir.

BULGULAR

Bu boliimde deneye tabi tutulan kirigler Kirig-1 ve Kiris-2 olarak adlandirilmistir. Her iki numune i¢in yiikleme
baslangicindan kiriglerin goctiigii ana kadarki video kayit uzunlugu, deplasman dlgerden ve goriintii islemeden
elde edilen maksimum deplasman degerleri ve mutlak yiizde hata oranlari Tablo 2’de gosterilmistir. iki
yontemden elde edilen kiriglerin diisey yonde yaptigt maksimum deplasman degerleri bir biriyle
karsilastirildiginda sonuglarin olduk¢a uyumlu oldugu ve hata oraninin %1’in altinda oldugu goriilmiistiir.

Tablo 2. Kirislerin Diisey Yonde Yaptigi Maksimum Deplasmanlar

Maksimum Deplasmanlar (mm) Mutlak
. - Hata
Video Kayit Siiresi (sn) Deplasman Olger Goriintii isleme  Oram
(%)
Kiris-1 35 29.31 29.34 0.10

Kiris-2 23 16.43 16.56 0.78
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Deplasman-Zaman Grafikleri

Kirislere ait deneysel ¢alismadan deplasman 6lgerle ve goriintii isleme ile elde edilen deplasman zaman grafikleri
Sekil 7 ve Sekil 8 deki gibi bulunmustur. Grafiklerden kirislerin deneylerden ve goriintii islemeden elde edilen
zamana bagl yaptig1 diisey deplasmanlarinin uyum igerisinde oldugu goriilmektedir.

Gorunti isleme Deplasman &lger

35

30
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15

Deplasman (mm)

10

5 74

0 5 10 15 20 25 30 35
Zaman (sn)

Sekil 7. Kiris-1 Deplasman-Zaman Grafigi
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Sekil 8. Kiris-2 Deplasman-Zaman Grafigi
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Yiizey Gerilmeleri

Gorintli isleme sonucunda elde edilen kiris yiizey gerilmeleri deneyin baslangicindan sonuna kadar, yani
kirislerin goctiigli ana kadar asamali olarak Sekil 9 ve Sekil 10’daki gibi elde edilmistir. Sekil 9 ve Sekil 10°da
goriildiigli gibi kiris ylizeyinde olusan catlaklar, kiris yiizeyinde gerilmenin fazla oldugu kirmizi renk ile
gosterilen bolgelerde gerceklesmistir.

Saniye

1543
Saniye

20.50.

Saniye

21.40.
Saniye

21,70.
Saniye

21,93
Saniye

22,36.

Saniye

27.00.
Saniye

33,06.

Saniye

Sekil 9. Kiris-1 Numunesinin Yiizeyinde Olusan Gerilmelerin Zamana Bagli Degisimi
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Sekil 10. Kiris-2 Numunesinin Yiizeyinde Olusan Gerilmelerin Zamana Bagli Degisimi
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Bu ¢aligmadan yola ¢ikilarak goriintii isleme yontemi kullanilarak, egilmeye tabi tutulan kiriglerin diisey
deplasmanlarinin belirlenmesine yonelik deneylerde analiz sonuglarini etkileyen parametreler ile ilgili oneriler
asagidaki gibi siralanabilir.

e Video kaydmin alindigi kameranin ¢oziiniirliiglinlin ve saniyede aldigi goriintii sayisinin (frame per
second), kullanilan deneyin hassasiyetine uygun olarak secilmesi.

e Deneye tabi tutulan kiriglerin, goriintiisii alinacak yiizeyi ile kamera lensinin paralel olarak ve kiris
ylizeyini dik aciyla ¢ekebilecek sekilde konumlandirilmasi.

e Ortam aydinlatmasinin video ¢ekimi i¢in yeterli olmasi.

e Kiris ylizeyinde olusturulan ayirt edici desenlerin kiris ylizeyine homojen olarak dagilmasi ve goriintii
isleme paket programlarinca rahat bir sekilde algilanabilmesi amaciyla uygun arka fon renginin
saglanmasi.

e Kayit yapan kameranin goriintiisii alinan kirigse uygun uzaklikta yerlestirilmesi.

o Deney esnasinda ¢ekim yapilan kameranin herhangi bir nedenle hareket etmesinin veya titregiminin
onlenmesi.

SONUCLAR

Bu caligmada goriintii isleme metodunun ingaat miithendisligi laboratuvar uygulamalarindan biri olan kiris egilme
deneyinde kullanilabilirligi arastirnlmistir. Kiris yiikleme deneylerinde 6nemli parametrelerden bir tanesi yiik
altinda meydana gelen yer degistirmeler ve kiris lizerinde olusan catlaklardir. Deneyler sirasinda zamana bagl
olarak c¢atlaklarin belirlenebilmesi i¢in belirli yiik veya zaman araliklarinda deneyde yiik aktarimina ara verilerek
catlaklar ¢izilmekte ve sonrasinda yiiklemeye devam edilmektedir. Bu durum hem yiiklemenin diizenini bozmakta
hem de insan kaynakli hatalarin olusmasina yol agmaktadir. Catlaklarin ve gerilme yigilmalarimin yiikleme
sirasinda kameralar ile alinan kayitlar1 kullanilarak herhangi bir duraksama olmaksizin belirlenmesi kiris yiikleme
deneyleri i¢in olduk¢a dnemli olmaktadir. Bu deneylerde artik yiikleme durdurulmadan kamera kayitlari ile elde
edilen goriintiilerin bilgisayar ortaminda analiz edilmesiyle kiris iizerinde meydana gelen gatlaklarin gelisimi ve
gerilme dagilimlan kolaylikla elde edilebilmektedir. Bu ¢alismada buna 6rnek olmasi agisindan iki kiris numunesi
kullanilarak yapilan deneylerde goriintii isleme teknigi ile catlaklar ve kirilma diizlemleri oldukca basarili bir
sekilde belirlenmistir. Kirilma diizlemlerinin ve gerilme yigilmalarinin hangi noktalarda oldugu kirtlma meydana
gelmeden once gozlenebilmistir. Egilme deneyine tabi tabi tutulan kirislerin yaptigi zamana bagli deplasmanlar
klasik yontemlerle ve goriintii isleme metoduyla tespit edilmistir. Her iki yontemden bulunan sonuglar birbiri ile
cok yakin ¢ikmustir. Dolayisiyla goriintlii isleme metoduyla kiris deplasmanlarinin belirlenebilecegi sonucuna
varilmigtir. Kirig yilizey gerilmelerinin goriintii isleme metoduyla gorsellestirilebilecegi gozlenmistir. Kirig
ylizeyinde olusan catlaklarin deney durdurulmadan, herhangi bir anda catlak uzunluklarinin tespit edilebilecegi
anlagilmugtir.
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OZET

Bu calisma, Afyonkarahisar il merkezinde 9 mahalleyi kapsayan Uydukent bolgesinin olas1 bir deprem etkisinde,
yerlesim alami igerisindeki aliivyal zeminlerin sivilasma potansiyelinin, arazi (SPT) wverileri kullanilarak
belirlenmesini icermektedir. Bu amagla 70 noktada yapilan SPT verileri kullanilmistir.

Aksehir-Gediz Fay Sistemi, bolgeyi etkileyebilecegi ve en biiylik ivmeyi yaratabilecegi varsayilarak arastirmaya
esas alinmistir. Giincellenen 2019 deprem haritasi {izerinden 0,4g biiyiikliigiinde yatay deprem ivmesi olusabilecegi
hesaplanmig, Mw=5.0, 6.0, 7.0 olan senaryo deprem biiylikliiklerinde SPT verileri kullanilarak sivilagma analizleri
yapilmistir. Analiz sonuglarina gore ¢aligma sahasini temsilen, bolge genelinde orta ve yiiksek dereceli sivilagsma
riski olasiliklari belirlenmis ve buna gore sivilasma risk haritasi ortaya konulmustur.

Anahtar Kelimeler: SPT, Sivilasma Risk Haritas1, Afyonkarahisar Uydukent Bolgesi

ABSTRACT

This study includes determination of the liquefaction potential of alluvial soils in the settlement area by using land
(SPT) data in a possible earthquake impact of the 9 districts of Afyonkarahisar Uydukent region. For this purpose,
SPT data were used at 70 points.

The Aksehir-Gediz Fault System is based on the research assuming that it can affect the region and create the
greatest acceleration. On the updated 2019 earthquake map, it is calculated that 0.4g magnitude horizontal
earthquake acceleration may occur and liquefaction analyzes are performed using SPT data at scenario earthquake
magnitudes of Mw = 5.0, 6.0, 7.0. According to the results of the analysis, the probabilities of medium and high
degree liquefaction risk were determined throughout the region and liquefaction risk map was presented
accordingly.

Keywords: SPT, Liquefaction Risk Map, Afyonkarahisar Uydukent Region

ToCite: GUCEK, S., & ZORLUER, I., (2020). STANDARD PENETRASYON TESTI (SPT) ILE AFYONKARAHISAR
MERKEZ UYDUKENT BOLGESI ZEMINLERININ SIVILASMA POTANSIYELININ
ARASTIRILMASI. Kahramanmaras Slit¢li Imam Universitesi Miihendislik Bilimleri Dergisi, 23, 118-126.
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GIRIS

Kentsel mikrobolgeleme c¢alismalari; bolgesel tehlike analizleri, yerel tehlike analizleri ve bdlgeyi temsil
edebilecek dogrulukta jeolojik, geoteknik ve jeofizik arastirmalar igerir. Bu tiir arastirmalar karsilagilabilecek olast
dogal tehlikelerin kentsel yasam alanlarimizdaki etki derecelerini ve etki bi¢imlerini belirlememizi saglar.

Tanimlanmaya c¢alisilan problemin ¢6ziimii, birden fazla meslek disipliniyle ele alinabilmesi durumunda ancak
miimkiin olacaktir. Farkli meslek disiplinleri tarafindan ve birden ¢ok yontem kullanilarak elde edilen verilerin
depolanmasi, cografi veri formatina donistiiriilmesi, kolay ulasilabilir ve sorgulanabilir olmasi, analiz edilmesi ve
yorumlanmasi ancak bilgi sistemi kullanilarak miimkiin olabilir. Bu kapsamda cografi bilgi sistemi tekniklerinden
yararlanilir. Ayrica bu tiir bilgi sistemleri, araziden toplanan cografi verilerin kullanici bagimli olmadan
degerlendirilmesi ve yorumlanmasina imkan tanir (Tiin, Avdan ve Giiney, 2010).

Depremler esnasinda suya doygun zemin tabakalarinda c¢evrimli yiiklemeler altinda olusan bosluk suyu basinci
artiglar1 zeminde kati fazdan sivi faza doniisme olarak nitelendirilebilecek sivilasma olayinin ortaya ¢ikmasina
neden olabilmektedir. Zeminlerin sivilasabilirligi tane boyutu ve dagilimi yaninda, jeolojik yasi ve cokelme
kosullari, baslangi¢ sikilik derecesine bagli hacim degisim potansiyeli ve su gegirgenligi gibi 6zellikleri yaninda
depremin bilyiikliigii, siiresi ve uzaklig1 gibi sismik faktorlere baglhdir (Ozaydin, 2007).

Sivilagsma olayi, pek ¢ok depremde gelismesine karsin iilkemizde, 1992 Erzincan depremiyle dikkate alinmaya
baslanmis, 1999 Marmara depreminde meydana gelen sivilagsma olaylar1 ile bu olgunun 6nemi tiim kesimlerin
ilgisini ¢ekerek onem kazanmistir. Deprem etkisinin yani sira zemindeki yeralti su seviyesinin yiizeye yakin
olmasiyla birlikte zeminin gevsek sartlarda olmasi, zeminin sivilasmasi igin etkili olan kosullardandir. Calisma
bolgesinin zemin profili de bu sartlara miisait oldugu igin 6nemli bir sorun teskil etmektedir. Ozellikle de
Afyonkarahisar ve yakin ¢evresi, Ege Bolgesi’nin genislemeli tektoniginin etkisine bagli olarak farkli zamanlarda
degisik magnitudlerde depremler meydana getirmistir. Yakin zamanda 6.1 magnitudiindeki 1995 Dinar depremi,
6.0 ve 6.5 magnitudlerindeki 2000 ve 2002 Sultandagi ile yine 2002 yilindaki Cay depremleri ¢alisma bolgesi igin
risk olugturmaktadir (Eyidogan ve Jackson, 1985; Kogyigit ve Deveci, 2007).

Afyonkarahisar merkezinde bulunan Uydukent bélgesinin zemininin jeolojik ve jeoteknik Ozelliklerini ortaya
koymak ve olas1 bir depreme kars1 dayanikliliginin tespitine yonelik yapilan ¢alisma kapsaminda elde edilen SPT
verileri kullanilarak bolgede aliivyal zeminlerin sivilagsma riski degerlendirilmistir. Bu amagla, bdlgenin
jeolojisinden, depremselliginden, olas1 deprem odaklarinin uzakligi ile olusturacaklari yer ivmesi iliskilerinden,
zemine ait graniilometri degerlerinden ve SPT verilerinden yararlanilarak sivilasma analizleri yapilmis ve sivilagsma
potansiyeli arastirilmistir. Afyonkarahisar Uydukent bdlgesi yerlesim yerinde jeolojik, geoteknik, jeofizik
arastirmalar ve yapi envanter bilgilerinin toplanmasina yonelik ¢aligmalar yapilmis, toplanan veriler cografi veri
formatinda degerlendirilerek kentsel mikrobdlgeleme haritalari tiretilmistir.

MATERYAL VE METOT
Materyal
Calisma Alanimin Tanimlanmasi

Inceleme alani; Afyonkarahisar ili, Merkez ilgesinde 9 mahallenin bulundugu Uydukent bolgesidir. Inceleme
alaminda egim yoktur. Inceleme alaninda diiz ovalar ve dere yataklar1 boyunca goriilen aliivyonlar genis alanlar
kaplarlar. Calisma alanimin bulundugu alan aliivyonal bir diizliik iizerinde yer almaktadir(Sekil 1). Bayramgazi
sistleri ve Oyuklutepe Mermerlerinden olusan Paleozoyik yasli Afyon Metamorfikleri inceleme alanindaki temel
kayaglardir. Paleozoyik birimlerin {izerine uyumsuz olarak konglomera, kumtasi seviyeleri, killi kirectasi, kumtasi,
volkanik cam, trakiandezitik tiif, karbonat ¢imentolu tiifit seviyeleri igeren Omer-Gecek formasyonu gelmektedir.
Ust Miyosen yasl volkanik kayaglar ve aliivyon ise bolgedeki en geng birimlerdir (Y1ldiz, Dumlupunar, Bagci,
Ulutiirk, Basaran ve Erdogan, 2012).

Inceleme alaninda, gozlemsel olarak yapilan degerlendirmeler ve Imar Planina Esas Jeolojik Etiit Raporuna gore;
morfolojik ve jeolojik a¢idan insaat yapimina engel bir sorun olmayip, heyelan, kaya diismesi, sel, ¢okme, vb, gibi
afet olusturacak unsurlar bulunmamaktadir. Yagis sularinin kolayca bolgeyi terk edebilmesi amaciyla bolge
merkezinde bulunan Akargay kanalia gerekli drenaj aglar1 olusturulmustur. Il merkezinde karasal iklim hiikiim
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siirmekte olup yaz mevsimi sicak ve kurak, kis mevsimi soguk ve yagish olmaktadir. Bu etkenlere gore caligma
bolgesinin yer alt1 su seviyesi degiskenlik gdsterirken, yaz aylarinda ortalama 5 m iken, kig aylarinda ise bu seviye
daha da artmaktadir(Ulutiirk, 2009).

Sekil 1. Afyonkarahisar Merkez Calisma Bolgesi

Inceleme Alaninin Jeolojisi

Afyon ve gevresini igine alan bolgede farkl: litolojik ve tektonik 6zelliklere sahip kuglaklar yer almaktadir. Bunlar
Toros ve i¢ Toros tektonik kuslaklardir. Afyon ve dolayinda birbirinden tektonik dokanakla ayrilmis iki temel kaya
toplulugu mevcuttur. Bunlardan birisi Toros Kusagina ait Sultan Daglari’nin devamini olusturan Toros Paleozoik
ve Mesozoyik birimleridir. Digeri ise i¢ Toros Kusaginda yer alan ve Afyon’un KD, K, KB ve B’sinda Neojen
Ortiisii altinda genis alanlar kaplayan “Afyon Metamorfikleri”dir. Diger yandan Sandikli’nin kuzey kesiminde, altta
“Afyon Metamorfitleri” iizerine transgressif bir konglomera ile Afyon ve g¢evresindeki diger benzerlerinden
tamamen farklidir (Metin, Geng ve Bulut, 1987).

Inceleme Alaninin Miihendislik Jeolojisi

Calisma alani, istte aliivyon oOrtii olarak adlandirdigimiz, kuvaterner yasli detritik, kohezyonsuz birimlerden
olusmustur. Ince cakil, kum, silt ve kilin karmasik derecelenmesinden olusan aliivyonun kalinlig1, yaklasik 130 mt.
kadardir. Aliivyonda kil ve siltin oran1 daha fazladir. Kil, diisiik plastisiteli inorganik olup ince ¢akil, trakit
orijinlidir. Aliivyon formasyonun porozitesi ve permeablitesi yiiksektir (Metin, Geng ve Bulut, 1987).

Zemin Profilinin Yorumlanmasti

Inceleme alanini olusturan birim Kuvaterner yasli yumusak kivamda, gri renkli, siltli ve ¢akilli kumlardan olusan
Aliivyon formasyonudur. Dikkate alinan SPT sonuglarina gore, genel zemin profili 0-7 m aras1 CH-CL, 7-18 m
arast SM-SC ve sonrasinda ise tekrar killi zemin formasyonu oldugu goriilmektedir. S6z konusu parsel civarinda
acilan sondaj kuyularinda statik yeralt1 su seviyesi yaklasik 6,00 m civarindadir.

Dogal Afet Risklerinin Degerlendirilmesi

Afyonkarahisar ili ve gevresi, yakin tektonik sistemlerin yonlendirdigi deprem rejimine goére, bugiine kadar en az
4,0 biiyiikliikkte ( M>4) 252 deprem yasanmistir. Bati Anadolu’da etkin olan Gediz Graben sistemi, Dinar fay
sistemi ile Afyonkarahisar’in giineydogusundan kuzeybatisina dogru uzanan Aksehir fay sistemi ve Emirdag fay
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sistemlerinin etkisinde kalan Afyonkarahisar ili ve ¢evresi 5 ayda bir en az 4,0 biiylikligiinde bir deprem iireten
aktif bir tektonik sistemin igerisinde yer almaktadir (Kogyigit,1984).

Bu 6zeligi ile 6,0 biiyiikliigiindeki bir depremi 30 yilda bir %78, 7,0 biiyiikliglindeki bir depremi ise ayni siirede %
35 yagsama olasilig1 vardir. Kayitlara gére bu bolgede yasanan en biiyiik deprem 1931 yilinda 7,0 biiyiikligiindedir.
Giiniimiize kadar en az 6,0 biiyiikliigiinde 8 depremin meydana geldigi Afyonkarahisar ili ve gevresi ikinci derece
deprem bdlgesi olarak tanimlanir (Kogyigit,1984).

Afyonkarahisar ili merkezi civarindaki kiiciik faylar dikkate alinmazsa, Sekil 2’de goriildiigii iizere yapilagsma
alanina aktivitesi kesin olarak bilinen en yakin fay (03.02.2002 Cay Depremi 6.0 biiyiikliiglinde) Sultandag: fayidir.
Bu fayin inceleme alanina olan mesafesi yaklasik 35 km civarindadir. Yine yakin zamanda deprem iireten diger fay
ise Egirdir Goli i¢inden gegen Kumdanli Fayi ile Tatarli Fayidir(1995 Dinar Depremi 6.1 biiyiikliigiinde) Bolge
acisindan bu fayinda inceleme alanina olan uzaklig1 yaklasik 50-60 km civarindadir (Kogyigit,1984).
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Sekil 2. Tiirkiye ve Yakin Cevresinin Yalinlastirilmis Tektonik Haritasi1 (Demirtas, Iravul ve Yaman, 2002;
Kogyigit ve Deveci, 2005).

Kayrt Verileri

Inceleme alanimin da iginde bulundugu yerlesim birimi olan Afyonkarahisar il merkezi ele alindiginda Tiirkiye
Deprem Bolgeleri Haritasi, AFAD Deprem Dairesi Bagkanligi tarafindan 1 Ocak 2019 tarihinde yiiriirliige giren
deprem haritasina gore en biiyiik yer ivmesi (g) 0.4 olarak giincellenmistir(Sekil 3).
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Sekil 3. Tiirkiye Deprem Tehlike Haritas1 (AFAD, 2019)
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Arazi Verileri

Calismada, geleneksel sivilagsma potansiyeli hesaplamalarinin yapilmasi igin, derinlikleri en az 15 m olan 70 adet
zemin sondajinin SPT (Standard Penetrasyon Test) verileri 6zel yap1 denetim firmalarindan alinmistir(Sekil 4).

Zemin sondajlari; ilerlemeye paralel olarak, her 1.50 m de SPT deneyi yapilmis ve Orselenmis 6rnekler alinarak
elde edilmistir. Calisma alanindan elde edilen parametreler kullanilarak miithendislik degerlendirmesi ve analizleri
yapilmistir.
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Sekil 4. Caligma Bolgesi Sondaj Noktalar1 Dagilimi

Yer Altt Suyu Durumu

Sivilagma potansiyeli olan bolgeleri belirlemede, dikkat edilmesi gereken 6nemli parametrelerden birisi de, yer alt1
suyunun yiizeyden itibaren derinligidir. Calisma alaninda yeraltt suyu yaz ve kis aylarinda mevsimsel olarak
degismektedir. Sondaj raporlar1 sonuglarina gére bolgenin yer alt1 su seviyesi yaz aylarinda yaklagik 6 m olup, kigin
ise 4.5 m seviyesine kadar yiikselmektedir.

Deneyde Kullanilan Yazilimlar

Bu calismada, Arazi verilerinin sivilasma potansiyel hesaplamalarinda, HS Jeotek yazilimi kullanilmistir. Program
kullanimi sirasinda analiz i¢in; N3o degeri, 200 nolu elekten gecen deger, dogal birim hacim agirlik ve zemin birimi
detayli olarak girilmektedir.

Metot

Bu ¢alisma kapsaminda galisma alanindan elde edilen SPT wverileri esas aliarak, orjinal olarak Seed ve
Idriss(1971) tarafindan gelistirilen ve daha sonra Youd, Idriss, Andrus, Arango ve Castro (2001) tarafindan revize
edilen sivilagma analiz yontemine gére HS Jeotek yazilimm kullanilarak sivilagma analizleri yapilmustir.
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Deprem aninda meydana gelen sivilagma, list yapida biiyiikk hasarlara neden olabilecek bir zemin problemidir.
Sivilagsma kaynakli hasari minimuma indirgemek icin, sivilasmanin olabilecegi yerler 6nceden belirlenip zemin
iyilestirme metotlarinin uygulanmasi gerekmektedir Afyonkarahisar Uydukent bolgesi ¢alisma alaninda sivilagsma
potansiyelinin belirlenmesi amaciyla 70 ayr1 noktadaki SPT sonuglar1 dikkate alinmistir. Ayrica yapilan sondaj
calismalari ile alinan zemin numunelerinin fiziksel 6zellikleri 6zel sektordeki laboratuvarlarda yapilan deneyler
sonucunda belirlenmistir. Sivilasma potansiyelinin belirlenmesinde SPT deney verileri ile yapilan hesaplamalarda
Seed ve Idriss tarafindan 6nerilen esitlik kullanilmustir.

Sivilasma olusumu efektif diisey gerilme tarafindan kontrol edilmektedir. Giinlimiize degin meydana gelen
stvilasma  olaylar1 incelendiginde 15 m’nin altindaki derinliklerde rapor edilmis bir sivilasma olay1
gerceklesmemistir (Ozaydin, 2007). Bu durum, bu derinlikte meydana gelen sivilasma olay1 etkilerinin yiizeye
ulasamadigini ya da belirli bir derinligin altinda sivilasma meydana gelmedigini gostermektedir. Bu nedenlerden
dolay1 caligma bolgemizde sondaj kuyusunda 20 m sinir noktasi segilmis ve analizler bu derinlige gore
yapilmistir(Tablo 1).

Ancak sivilagma potansiyelinin belirlenmesinde giivenlik katsayisinin (FS) literatiirde yapilan calismalar
neticesinde tek basina yeterli olmadig1 gortilmis (Seed ve Idriss, 1971) ve bunun i¢in sivilasma risk indeksi (Ls)
parametresi belirlenerek bolgenin sivilagsma risk haritast hazirlanmistir. Sivilasma risk indeksi (Youd, Idriss,
Andrus, Arango ve Castro, 2001) Mw=5.0, 6.0, 7.0 olan senaryo bir deprem biiyiikliigiine gore belirlenmis ve
sonuglar hazirlanan haritalar tizerinde gosterilmistir.

Tablo 1. Verilerin SPT’ye Dayali Sivilagsma Riski Analiz Sonuglari

. . GENEL
SONDAJ--VER}LERINE YOK |COK DUSUK | DUSUK | ORTA | YUKSEK COK SIVILASMA
GORE(%) YUKSEK e
RISKi(%)
Muw: 5 DEPREMINE GORE 30,55 52,77 15,27 1,38 - - 69,44
Mw: 6 DEPREMINE GORE 18,05 19,44 41,66 20,83 - - 81,94
Mw: 7 DEPREMINE GORE 13,88 9,72 40,27 36,11 - - 86,11
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Sekil 5. My:5 Depremine Gore Sivilasma Risk Analiz Haritasi

Mw: 5 Depremine gore g¢aligma alaninda Battalgazi, Yesilyurt, Orhangazi, Selguklu ve Hasan Karaagac
mabhallelerinde sivilagma riski “Yiiksek” olarak tespit edilmisti. Karsiyaka, Ali Cetinkaya ve Dortyol mahallelerinin
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genelinde ise sivilagma riski “Yok” olarak tespit edilmistir. Calisma bolgesinin geneline baktigimizda ise %69,44
stvilagma riski oldugu goriilmektedir(Sekil 5).
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Sekil 6. My: 6 Depremine Gore Sivilasma Analizi Haritasi

Mw: 6 Depremine gore ¢aligma alaninda Battalgazi, Yesilyurt, Osmangazi, Orhangazi, Selguklu ve Hasan Karaagag
mahallelerinde sivilasma riski “Yiiksek” olarak tespit edilmistir. Karsiyaka, Ali Cetinkaya ve Dortyol
mabhallelerinin belirli bolgelerinde ise sivilasma riski “Yok” olarak tespit edilmistir. Caligma bdlgesinin geneline
baktigimizda ise %81,94 sivilagma riski oldugu goriilmektedir(Sekil 6).
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Sekil 7. My:7 Depremine Gore Sivilasma Analizi Haritasi
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Muw: 7 Depremine gore caligma alaninda Battalgazi, Ertugrulgazi, Dortyol, Yesilyurt, Orhangazi, Selguklu ve Hasan
Karaagac mahallelerinde sivilagsma riski “Orta” veya “Yiiksek” olarak tespit edilmistir. Karsiyaka, Ali Cetinkaya ve
Dortyol mahallelerinin belirli bdlgelerinde ise sivilasma riski “Yok” olarak tespit edilmistir. Caligma bdlgesinin
geneline baktigimizda ise %86,11 sivilagma riski oldugu goriilmektedir(Sekil 7).

SONUCLAR

Bu ¢alismada, imara acilmis olan ve sivilagma potansiyeli tasiyan alandaki standart penetrasyon testi (SPT) verileri
ile deprem kaynagi olarak Aksehir Simav Fay Sistemi (ASFS) tespit edilmistir. Bu fay sisteminin iiretmesi
beklenen senaryo depremlerin magnitiidii 5.0, 6.0, 7.0 olarak, yeni deprem yonetmeligine gére de maksimum yatay
deprem ivmesi 0,49 olarak hesaplanmis olup bu parametrelere gore sivilagsma analizi yapilmistir. Analizler sonucu,
Bolgede orta ve yiiksek sivilagsma potansiyeli gosterebilen noktalar belirlenmistir.

Degerlendirilen veriler sonucunda Mw: 5.0, 6.0, 7.0 olan senaryo deprem biiyiikliikleri dikkate alinarak HS Jeotek
analiz programinda ayr1 ayri sivilagma analizi yapilmistir. Yapilan analizlere gore; 5 biiyiikliiglindeki depreme gore
bolgenin %69,44'1, 6 biiytikliigiindeki depreme gore bdlgenin %81,94', 7 blylkliigindeki depreme gore bolgenin
%86,11'i stvilagsma riskine sahip oldugu tespit edilmistir.

Sivilagsma analizi i¢in yapilan hesaplamalarin kullanilabilmesi igin, yonetmeliklerde ve literatiirde de belirtildigi
iizere sondaj kaya zemine ulagmiyorsa en az 20 m derinlik i¢in yapilmasi gerekmektedir. Haritaya gore bazi
bolgelerde sivilasmaya kars1 zemin iyilestirmesi gerekliligi ortaya ¢ikmaktadir.
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