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Abstract

The efficiency of turbines in seaside nuclear or coal-fired power plants is directly proportional to sea
water temperature (SWT). The cooling medium temperature is critical in the design of any power plant
when considering long-term average climatic conditions. As a result, the deviation in the SWT affects the
efficiency of electricity generation. Accurate SWT estimation is critical for electrical output from power
plant applications in this regard. Three different data-driven models such as long short-term memory
(LSTM) neural network, adaptive neuro-fuzzy inference system (ANFIS) with fuzzy c-means (FCM) and
grid partition (GP) were used to perform one-day ahead short-term SWT prediction, in this paper. The
analyses were performed using 5-year daily mean SWTs measured by the Turkish State Meteorological
Service in Canakkale Province between 2014 and 2018. The measured data was also used to validate the
data produced by the proposed techniques. Performance criteria for the techniques suggested are mean
absolute error (MAE), root mean square error (RMSE) and correlation coefficient (R). With the ANFIS-
FCM technique, the best outcomes for MAE, RMSE and R values were obtained as 0.113°C, 0.191°C,
and 0.9994, respectively, according to daily SWT forecasting.

Keywords: LSTM, ANFIS, Sea water temperature, Power plant

Makine Ogrenimi Yaklasimlarim Kullanarak Giinliik Deniz Suyu Sicakhig
Tahmini

Oz

Deniz kenarna kurulu niikleer veya komiirle ¢calisan gii¢ santrallerinde tiirbin verimliligi dogrudan deniz
suyu sicakligina (SWT) baghdir. Uzun vadeli ortalama iklim kosullar1 g6z 6niine alindiginda, sogutma
ortam1 sicakligi herhangi bir enerji santralinin tasariminda 6nemli bir rol oynar. Bu nedenle elektrik
dretimindeki verimlilik SWT'deki sapmadan etkilenmektedir. Bu bakimdan, dogru SWT tahmini, santral
uygulamalarindan elektrik ¢ikisi i¢in 6nemli bir rol oynamaktadir. Bu ¢alismada uzun kisa siireli bellek
(LSTM) sinir ag1, uyarlanabilir néro-bulanik ¢ikarim sistemi (ANFIS) ile bulanik c-ortalamalar (FCM) ve
1zgara bolumi (GP) gibi ti¢ farkli veri odakli model, bir giin sonrasinin tahminini gergeklestirmek igin
kullanilmistir.  Analizler, 2014-2018 yillar1 arasinda Tiirkiye Devlet Meteoroloji Isleri tarafindan

“Corresponding author (Sorumlu yazar): Arif OZBEK, arozbek@cu.edu.tr
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Canakkale ilinde dlgiilen 5 yillik giinliik ortalama SWT'ler kullanilarak gergeklestirilmistir. Olgiilen
veriler ayrica onerilen modeller tarafindan iiretilen verileri dogrulamak igin kullanilmistir. Onerilen
modeller i¢in performans kriterleri, ortalama mutlak hata (MAE), ortalama kare hata (RMSE) ve
korelasyon katsayisidir (R). ANFIS-FCM teknigi ile giinliik SWT tahminine gére MAE, RMSE ve R
degerleri icin en iyi sonuglar sirasryla 0,113°C, 0,191°C ve 0,9994 olarak elde edilmistir.

Anahtar Kelimeler: LSTM, ANFIS, Deniz suyu sicakligi, Giig santrali

1. INTRODUCTION

The purpose of using water in a power station is to
condense steam and remove waste heat as part of
the Rankine cycle. The total water requirement of
the plant depens on various important factors such
as production capacity, production technology,
environmental and climatic conditions of the
surrounding, flow rate of the cooling fluid, and
cooling system of the plant [1].

There are many studies using hybrid, machine
learning and time series methods to estimate some
atmospheric ~ parameters.  Researchers  have
developed the methods that are using adaptive
network-based fuzzy inference system (ANFIS)
[2,3], subtractive clustering (ANFIS-SC) and grid
partition (ANFIS-GP) [4], long short-term memory
(LSTM) [5,6] to predict atmospheric air
temperatures. The LSTM method has been applied
successfully in various fields, such as forecasting
of wind speed [7-9], power of wind turbine [10-
12], dam displacement [13], solar irradiance [14],
electricity price [15], energy production in a solar
PV plant [16] and ground surface temperature [17].

There are not many studies published to specify
the forecasting of the sea water temperature using
machine learning techniques in literature. Attia [1]
investigated the cooling water temperature effect
on the nuclear power plant thermal performance.
He showed that with only a one-degree Celsius
increase in seawater temperature, the nuclear
power plant's thermal efficiency and electricity
generation decreased by 0.152% and 0.444%,
respectively. Durmayaz and Sogiit [18] and Kim
and Jeong [19] also analyzed the effect of cooling
water temperature on the thermal efficiency of a
nuclear power plant. They stated that SWT has a
direct effect on the power plant efficiency.
Darmawan and Yuwono [20] investigated the

308

effect of increasing seawater temperature which
was used as a condenser cooling medium on the
performance of steam turbine. Samadianfard et al.
[21] estimated the hourly water temperature at
different depths in a lake in their country using
some computational techniques such as adaptive
network-based fuzzy inference system (ANFIS),
artificial neural networks (ANNs) and gene
expression programming (GEP). To evaluate the
performance of their computing techniques, three
different statistical indicators (the root mean
square error (RMSE), the mean absolute error
(MAE), and the coefficient of correlation (R))
were used.

Departing from the literature review listed above,
in the present study data-driven methods (ANFIS-
FCM and ANFIS-GP) and a deep learning
approach established on LSTM neural network
were proposed to forecast one day-ahead sea water
temperature from any measurement station. The 5-
year daily mean SWTs measured by the Turkish
State Meteorological Service at Canakkale station
on the Turkey Seas between 2014 and 2018 were
used as sample data. The following are some of the
study's contributions to the literature:

e With the developed methods, one hour forward
SWT estimation can be made at any station
without providing different meteorological data
and without the need for complex calculations.

e To show which of the methods used in this
study gives more sensitive results, the results
obtained from all methods using the same data
sets were compared with each other.

e Results obtained from LSTM and ANFIS
methods were analyzed and examined
according to varying input variables such as
epoch number, hidden layer number, and
influence radius.

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



2. MATERIAL AND METHOD

2.1. Long Short-Term Memory
Neural Network

(LSTM)

The LSTM method was introduced by Park et al.
[22]. LSTM is an artificial recurrent neural
network (RNN) that solves issues by adding cell
states or memory cells with fixed mistakes to
allow errors to be replayed without losing
gradients. Three different gates are present in an
LSTM. An input port learns to protect the memory
cell's fixed error stream from irrelevant inputs,
while an output port learns to protect other units
from the memory cell's irrelevant memory content.

h (b2
Number of h: |‘1
Hidden Units : :

h ho

Arif OZBEK

Finally, the forget gate teaches how long the value
is in the memory cell [23,24].

Figure 1 shows the LSTM layer architecture,
indicating the flow of an X time series with S-
length C properties (channels) across an LSTM
layer. In this layered architecture, h, is the output
(also known as the hidden state), and c; is the cell
state at time step t. In order to calculate the first
output and the updated cell state, the first LSTM
part is utilized for the first state of the network and
the early time step of the series. This block
determines the output and the updated cell state c,
at time step t using the current state of the network
(Cr.1, hi.1) and the next time step of the array.

;

n
N
n

Ly Final
> State

Number of X
Features :
X,

[

el
X,
X

o B ety

Number of
Time Steps

Figure 1. LSTM layer architecture

The hidden state (also known as the output state)
and the cell state are both parts of the layer's state.
The output of the LSTM layer for this time step is
stored in the hidden state at time step t. The cell
state includes information from previous time
steps. At each time step, the layer performs the
task of adding or removing information from the
cell state. These updates are controlled using gates.
Some components in the LSTM layer architecture
are used to control the cell state and the hidden
state of the layer. For example, input gate (i) and
output gate (o) control the level of cell state update
and the level of cell state added to the hidden state,
respectively. Forget gate (f) checks the level of cell
state reset (forget). On the other hand, cell
candidate (g) adds the information to the cell state.

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

Figure 2 presents the flow of data at a time step, t.
This diagram indicates how the gates forget,
update, and output the cell and hidden states.

Forget

lololoNo

Figure 2. The flow of data at a time step, t

Update Output

-+ >
R . h

The input weights W, the recurrent weights R, and
the bias b are called the learnable weights of an
LSTM layer. The W, R, and b matrices are
combinations of the input weights, recurrent
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weights, and bias of each component, respectively.
Detailed information about the method can be
viewed from [25,26].

2.2. Adaptive Network-Based Fuzzy Inference
System (ANFIS)

Adaptive Network-Based Fuzzy Inference System
(ANFIS) is a universal estimator. It can be used for
any true continuous function in a compact setup to
any degree of accuracy. ANFIS is expressed as a
network statement of Sugeno-type fuzzy systems
equipped with neural learning capabilities. It
creates fuzzy if-then rules with appropriate
membership functions (MF) from input-output by
employing a neural network learning algorithm.
The FIS development procedure using the adaptive
neural network framework is called ANFIS. On the
other hand, general information regarding the
ANFIS structure is available in the literature
[27,28].

Fuzzy c-means (FCM) is a clustering method of
ANFIS, allowing each data point to have multiple
clusters and belonging to different membership
degrees. The basis of the FCM algorithm involves
minimizing the objective function. Similarly, the
concept of FCM s available in the literature [28].
Grid partitioning (GP) algorithm divides the input
data space into a rectangular subspace with the
help of an axis-paralleled partition. Each input is
divided into membership functions of the same
shape. The number of the fuzzy if-then rules is the
same as Mn. Here, the input dimension is shown
by n, and the number of partitioned fuzzy subsets
for each input variable is denoted by M. This
approach to solve a problem is simply referred to
as functional decomposition. This phenomenon is
as well extensively explained in the literature [29].

The primary distinction between linear regression
and time series data is that time series data is time
dependent, whereas linear regression data is
assumed to be time independent. This implies that
each observation is distinct from the others.

2.3. Error Analysis for the Proposed Methods

Three different statistical error criteria comprising
mean absolute error (MAE), root mean square

310

error (RMSE), and correlation coefficient (R) are
used in this study for the assessment of the
goodness of a method. These error criteria are used
to check the accuracy of the estimations based on
the observed wvariables. The mathematical
expressions of these error criteria are provided in
Equations 1, 2, and 3, respectively.

Mean absolute error (MAE):
MAE = -3, |p(0) — o()| (1)

Root mean square error (RMSE):

RMSE = J% TP — o ()2 )

Correlation coefficient (R):

R =
ELalp@) - pllo( - 31)/
(VIL @ — P VELo® — oP) ®3)

where p(i) and o(i) are the predicted value and
observed value at the time i, respectively. Also, p
and o present average values of the estimated data
and the actual data, respectively. The total number
of data is represented by N.

3. RESULT AND DISCUSSION

The geographic coordinates of the measurement
station are 40°08'29.6"N and 26°23'56.2"E. Figure
3 shows the observed SWT values with training
(4 years) and testing (1 year) data to be used in the
ANFIS and LSTM methods. 1460 daily sample
data (blue-coloured, 80% of whole data) from 01
January 2014 to 31 December 2017 were used to
train the methods and 365 daily sample data (red-
coloured, %20 of the whole data) from 01 January
to 31 December 2018 were used to test it. The
maximum and minimum SWT’s are 26.8°C and
7°C, respectively. The average value of all training
and testing data is 17.1°C and the standard
deviation of this data group is 5.6°C.

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



3.1. Fuzzy C-Means Clustering (ANFIS-FCM)

Table 1 shows the determination of optimal
parameters for forecasting SWT using ANFIS-
FCM. The simulation results are represented in
that Table. From that table, the influence of the
number of cluster nodes (membership functions =
MFs) and fuzzy can be easily detected in the

Arif OZBEK

results. 2 clusters (MFs) are determined as the best
one that uses 5 input numbers and 100 epoch
numbers. Greater cluster numbers do not yield
satisfactory results owing to the non-good
separation of the inputs. At the end of the
simulation, MAE is 0.1131 °C and RMSE is
0.1907 °C with an R-value of 0.99943.

Table 1. Daily SWT performance forecast for the ANFIS-FCM method

Number Input Max MAE (°C) RMSE R

of MFs | Number | epoch )
2 5 100 0.1131 0.1907 0.99943
3 5 100 0.1135 0.1908 0.99942
4 5 100 0.1156 0.2001 0.99937
5 5 100 0.1153 0.2036 0.99934
6 5 100 0.1240 0.2165 0.99926
7 5 100 0.1231 0.2140 0.99928
8 5 100 0.1178 0.2066 0.99933
9 5 100 0.1229 0.2181 0.99925
10 5 100 0.1245 0.2214 0.99923
10 5 300 0.1275 0.2193 0.99925

Figure 4-a exhibits not only the observed but also
the predicted data for the 2018 year, and Figure 4-
b and 4-c show observed and predicted testing data
for June and October months, respectively to be
able to see more detail. The regression graph of the
observed data against the predicted is shown in
Figure 4-d. The figure shows that the quality of the
predicted data gives a good fit.

3.2. Grid Partitioning (ANFIS-GP)

Table 2 shows the determination of optimal
parameters for forecasting of SWT using ANFIS-
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GP. The table shows the results of predicting the
daily SWT using this classification method. The
lowest MAE is equal to 0.1195 °C and RMSE is
0.2185 °C with an R-value of 0.99925 when using
2 clusters, 5 input numbers, and 10 epoch
numbers. It can also be noted that when using two
clusters and five input numbers, increasing the
epoch number does not affect the results
positively.

Training
= Testing

g

—

5 I Training Data (4 years) Testing Data {1 year)

1
1464 1825

¢ 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Days

Figure 3. Observed sea water temperature time series for Canakkale, training (blue) and testing (red) data
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Figure 4. ANFIS with FCM clustering for observed and predicted testing data for a) whole 2018 year,
b) June 2018, c) October 2018, d) the observed versus predicted data for the whole 2018 year

Table 2. Daily SWT performance forecast for the
ANFIS-GP method

Number Input Max MAE (°C) RMSE R

of MFs | Number | epoch (°C)
2 5 10 0.1195 0.2185 0.99925
2 5 50 0.1196 0.2189 0.99925
2 5 100 0.1250 0.2361 0.99913
2 5 200 0.1456 0.2892 0.99869
2 6 50 0.1401 0.2761 0.99881
2 6 100 0.1462 0.2956 0.99864
2 7 100 0.1271 0.2883 0.99746

Figure 5 illustrates the simulation results of the
ANFIS-GP method. While Figure 5-a indicates the
observed and predicted testing data for the 2018
year, Figure 5-b and 5-c show observed and
predicted testing data for June and October
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months, respectively. Figure 5-d also displays the
regression plot of the observed versus predicted
data. As can be understood from the figures, the
predicted and observed data are in good
agreement.

3.3. Long Short-Term Memory (LSTM)

Table 3 illustrates the determination of optimal
parameters for SWT forecasting using LSTM.
Table points out the determination of optimal
parameters for the forecasting of SWT using the
LSTM method from the Canakkale station. MAE,
RMSE and R-values were calculated to show the
performance of the method. The influence of the
hidden layer number and epoch number can be
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seen in this table. 5 hidden layers and 300 epoch  °C with an R-value of 0.99927. Increasing of both
numbers gave the best result. The lowest MAE the hidden layer and epoch numbers together
value is equal to 0.1295 °C and RMSE is 0.2144 increased the MAE and RMSE values.

Table 3. Daily SWT performance forecast for the LSTM method

Hidden Layer Epoch MAE RMSE R
Number Number (°C) (*C)
3 300 0.1295 0.2144 0.99927
10 300 0.1345 0.2190 0.99924
25 300 0.1390 0.2283 0.99918
50 300 0.1653 0.2660 0.99777
50 500 0.1370 0.2247 0.99841
100 500 0.1337 0.2191 0.99924
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Figure 5. ANFIS with GP clustering for observed and predicted testing data for a) whole 2018 year,
b) June 2018, c¢) October 2018, d) the observed versus predicted data for the whole 2018 year
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Figure 6. LSTM method for observed and predicted testing data for: a) whole 2018 year, b) June 2018,
c) October 2018, d) the observed versus predicted data for the whole 2018 year

Figure 6 presents the simulation results of the
LSTM method. Figure 6-a points out the observed
and predicted testing data for the 2018 year and
Figure 6-b and 6-c illustrate observed and
predicted testing data for June and October
months. Figure 6-d also displays the regression
plot of the observed versus predicted data. In this
figure, R value is equal to 0.99927 which indicates
that the quality of the estimation results is in good
fit condition.

3.4. Comparison of the Methods

The comparison was achieved to determine the
most effective method of the three methods
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introduced here. For this aim, the results of
comparing observed and predicted daily SWT
values for June and October months in the 2018
year is shown in Figure 7. In addition, for
comparison, the most successful configurations
that were determined in Tables 1, 2 and 3 before
were evaluated. As can be seen from Table 4, the
estimation ability of the ANFIS-FCM method
reveals the most efficient results with an MAE
value of 0.1131°C and RMSE value of 0.1907°C
according to the results obtained.
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Figure 7. Comparison results of testing data for ANFIS-FCM and ANFIS-GP method with LSTM

method for whole 2018 year

Table 4. Statistical accuracy results of the daily SWT forecasting

Forecasting MAE RMSE R
Method °O) (°C)
ANFIS FCM 0.1131 0.1907 0.99943
ANFIS GP 0.1195 0.2185 0.99925
LSTM 0.1295 0.2144 0.99927
4. CONCLUSION forecastings than that of the ANFIS-GP and

LSTM methods.

In this study, ANFIS-FCM. ANFIS-GP and
LSTM neural network methods were proposed for ®  All methods were observed to be extremely

one day-ahead forecasting of SWT.

reliable and sensitive in predicting. However,
the suggested ANFIS-FCM method has
The RMSE values of the ANFIS-FCM, presented the best results in estimation
ANFIS-GP and LSTM methods were performance.

obtained as 0.1907 °C, 0.2185 °C and

0.2144 °C, respectively. It was determined that ®  The developed method can be used to predict
the ANFIS-FCM method gives more sensitive 1-day-ahead SWT output for any plant
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without making complex calculations and
providing comprehensive meteorological data.

Future work will focus on using different deep
learning functions and architectures to further
improve the precision and accuracy of
predictive results.
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Oz

Bu calismada; eksenel yonde fonksiyonel derecelenmis malzemeli, dogru eksenli kolonlarin burkulma
yiikii Tamamlayict Fonksiyonlar Yontemi (TFY) ile incelenmistir. Burkulma davranisini idare eden
birinci mertebeden kanonik denklemler, Euler-Bernoulli (BKT) ve Timoshenko kiris teorilerine (TKT)
dayali olarak denge denklemleri yardimiyla elde edilmistir. Adi diferansiyel denklem takimlari, Python
dilinde hazirlanan programla ¢oziilmiistiir. Malzeme degisim fonksiyonunun, uzunluk/kalinlik oraninin
ve farklt sinir kosullarinin burkulma yiikiine etkisi parametrik olarak arastirtlmistir. Elde edilen burkulma
yiikleri, literatiirde bulunan mevcut yontemler ve Abaqus sonlu elemanlar programinda bulunan degerler
ile karsilastirilmig, uygulanan yontemin etkinligi gosterilmistir.

Anahtar Kelimeler: Burkulma, Kolon, Fonksiyonel derecelenmis malzemeler, Tamamlayici
fonksiyonlar yontemi

Buckling Analysis of Axially Functionally Graded Columns Based on Euler-
Bernoulli and Timoshenko Beam Theories

Abstract

In this study, the buckling load of straight column made of functionally graded material in the axial
direction is investigated by the Complementary Functions Method (CFM). The canonical equations
governing the buckling behavior are obtained with the aid of equilibrium equations based on the Euler-
Bernoulli and Timoshenko beam theories. The set of ordinary differential equations is solved with a
program prepared in Python language. The effects of material variation coefficients, length/thickness
ratios, and different boundary conditions on the buckling load are investigated parametrically. The
buckling loads obtained are compared with the existing methods in the literature and the values found in
Abaqus, the finite element program, and the efficiency of the applied method is shown.

Keywords: Buckling, Column, Functionally graded materials, Complementary functions method
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Euler Bernoulli ve Timoshenko Kiris Teorilerine Dayali Eksenel Yonde Fonksiyonel Derecelenmis Kolonlarin

Burkulma Analizi

1. GIRIS

Mekanik 6zellikleri bir noktadan diger bir noktaya
stirekli olarak degisen fonksiyonel derecelenmis
(FD) malzemeli elemanlar, havacilik ve uzay
sanayi, tip, otomotiv ve modern miihendislik
uygulamalarinda yaygin olarak kullanilmaktadir.
Bu tir yapilarin; dretim teknikleri, asimma,
yorulma, titresim, burkulma gibi 06zelliklerinin
belirlenmesine yonelik ¢aligmalar  giiniimiizde
onem kazanmistir. Bu nedenle FD malzemeli
elemanlari burkulmasini inceleyen birgok ¢alisma
mevcuttur.

Goren ve Erim, degisen kesitli konsol Timoshenko
kiriglerinin stabilitesini incelemistir. On farkls,
kademeli ve kademesiz kirigin kritik burkulma
yiiklerini, sonlu eleman ve sonlu eleman-transfer
matris metotlarm1  kullanarak, Matlab 5.1
programlama diliyle hesaplamislardir [1]. Coskun
ve Atay, sabit ve degisken kesitli Euler
kolonlarinin burkulma yiiklerini bulmak igin,
dogrusal olmayan adi kismi diferansiyel
denklemlerin ¢6ziimiinde kullanilan Varyasyonel
Iterasyon Yontemini kullanmislardir [2]. Shahba
ve arkadaslari, homojen olmayan fonksiyonel
derecelenmis Euler-Bernoulli kirislerinin serbest
titresim ve stabilitesini incelemislerdir [3]. Huang
ve Li, iiniform olmayan ve eksen boyunca egilme
"""" degisen Euler-Bernoulli  kolonlarinin
burkulma davraniglarinin incelenmesi igin analitik
yaklagim sunmuslardir. Mafsal uglu, ankastre uglu
ve konsol kolonlarin burkulma davranigini idare
eden diferansiyel denklemi, Fredholm integral
denklemine indirgemislerdir [4]. Elishakoff,
fonksiyonel derecelenmis kolonlarin burkulma
davragini  incelemistir.  Calismasinda  konsol
kolonlarin burkulma modunu, farkli polinom
varyasyonlarm1 dikkate alarak vermistir [5].
Yilmaz ve arkadaslari, elastik mesnetli uniform
olmayan eksenel yonde fonksiyonel derecelenmis
kolonlarin burkulma analizini Lokalize
Diferansiyel Kuadratiir Yontemi ile incelemislerdir
[6]. Filiz ve Aydogdu, Ritz Metodu yardimiyla
eksenel yonde fonksiyonel derecelenmis Euler-
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Bernoulli kirislerinin ¢esitli smir kosullarinda
boyutsuz  frekans parametrelerini  ve  kritik
burkulma yiiklerini bulmusglardir [7]. Ulukoy,
malzeme Ozelliginin genislik boyunca degistigi
eksenel basing yiikii altindaki kolonun burkulma
analizini sonlu eleman tabanli Ansys programini
kullanarak yapmustir [8]. Xiao ve Li, bir ucunda
donme yayr bulunan homojen olmayan konsol
kolonlarin Euler burkulmasmi incelemislerdir.
Burkulma yiiklerini kesin olarak bulabilmek i¢in
problem bir Bessel denklemine doniistiiriilmiistiir.
Bulunan kesin burkulma yiiklerini, moment
metodu kullanilarak bulunan yaklasik burkulma
yikii degerleriyle karsilagtirmislardir [9]. Lee ve
Lee, kesit ve malzeme Ozelliklerinin kolon ekseni
boyunca dogrusal degistigi  Euler-Bernoulli
kolonlarinin serbest titresim ve burkulma analizini
birlesik bir modelde sunmuslardir. Yonetici
denklemleri elde edip, bu denklemleri determinant
arama algoritmasi ile birlestirilmis dogrudan
integrasyon yontemiyle ¢ozmiiglerdir. Bulduklar
sonuglari, Adina sonlu eleman yazilimindan elde
ettikleri  sonuclarla  karsilagtirmuglardir  [10].
Akgoz, kesitlerinin uzunluklar1 boyunca siirekli
degistigi eksenel basing altindaki narin kolonlarin
burkulma davranisini incelemistir. Kolonlar Euler-
Bernoulli kiris teorisiyle modellenmis ve burkulma
yiikleri Ritz Metoduyla bulunmustur [11]. Lee ve
Lee, burkulma kapasitesini en iist diizeye ¢ikarmak
icin  eksenel derecelenmis degisen  kesitli
kolonlarin  optimizasyonunu  incelemislerdir.
Diferansiyel denklemler, determinant arama
algoritmasi ile birlestirilmis dogrudan integrasyon
yontemi ile c¢ozilmistir [12]. Rajasekaran,
fonksiyonel derecelenmis iiniform olmayan
kiriglerin serbest titresim ve burkulma analizlerini
diferansiyel transformasyon yontemini kullanarak
incelemigtir [13]. Sivri ve Temel, Eksenel yiik
altinda  homojen-izotrop  malzemeye  sahip
degisken kesitli Timoshenko kolonlarin kritik
burkulma yiiklerini TFY kullanarak bulmuslardir.
Farkli sinir kosullarinin, uzunluk/kalinlik oraninin
ve farkli kesit degisim modellerinin burkulma
yiikiine etkilerini incelemislerdir [14]. Nguyen ve
arkadaglari, fonksiyonel derecelenmis gozenekli
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kiriglerin ~ burkulma, egilme ve titresim
davraniglarinin analizi i¢in bir kayma deformasyon
teorisi  sunmuslardir.  Lagrange  esitliklerini
kullarak elde ettikleri yonetici denklemler
izerinden sinir kosullarinin, gézenek dagiliminin
ve kayma deformasyonunun mekanik o6zellikler
tizerindeki etkisini aragtirmiglardir [15]. Derikvand

ve arkadaslari, c¢ekirdek bdlgesi gdzenekli
fonksiyonel derecelenmis sandvi¢  Kkirislerin
burkulma analizini incelemislerdir. Virtiiel is

prensibiyle elde ettikleri burkulma davranigini
yoneten diferansiyel denklemleri, diferansiyel
transformasyon yontemiyle ¢ozmiislerdir [16].

Analitik ¢oziimiin miimkiin olmadig1 veya zor
oldugu diferansiyel denklemlerin ¢o6ziimiinde
niimerik yontemlerden yararlanilmaktadir.
Literatiir  incelendiginde  arastirmacilar ~ FD
malzemeli kolonlarin mekanik 6zelliklerini sonlu
eleman programlari ve niimerik ydntemleri
kullanarak aragtirmiglardir. Yapilan bu c¢alismada
FD malzemeli {iniform kolonlarin burkulma analizi
icin smir deger problemini, baslangic deger
problemine doniistiirme prensibine dayanan TFY
kullanilmistir. TFY ’nin, kodlanabilirligi, denklem
takimmdan bagimsiz sabit baslangic kosullari
kullanmast ve matematiksel islem verimliligi
burkulma analizinde yoOntemi cazip hale
getirmektedir.

Bu ¢alismada; kayma deformasyonunun etkileri de
dikkate alinarak, eksenel yonde FD malzemeli
kolonlarin burkulma davranigini idare eden birinci
mertebeden adi diferansiyel denklem takimi
kanonik formda elde edilmistir. Bulunan denklem
takimi iizerinden; malzeme degisim
fonksiyonunun, uzunluk/kalinlik oraninin, kayma
deformasyonunun ve farkli sinir kosullarinin
burkulma ytiklerine etkileri aragtirtlmistir.

2. TEMEL DENKLEMLER
COZUM YONTEMIi

VE

Sekil 1°de eksenel basing kuvveti altindaki FD
malzemeli kolonda; A dikdortgen kesitin alanini, I
atalet momentini, E(x) ise elastisite modiiliiniin x
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ekseni boyunca malzeme fonksiyonuyla degisimini
gostermektedir.

N

Sekil 1. Fonksiyonel derecelenmis kolon

Eksenel ve diigey yer degistirmeler, U, ve U, ile
birim sekil degistirmeler ¢, ve y,,; TKT ye gore
Esitlik 1-4°deki gibi ifade edilmektedir [17].

U, =u(X)+206(x) Q)
U, =w(x) )
£, = 6;(* =u'+z60' 3)
Ve =O+W 4)

Sekil 1’de verilen dikdortgen kesit ozelliklerine
gore i¢ kuvvetler ile gerilmeler arasindaki iligkiler
Esitlik 5-7°de verilmektedir.

h/2 h/2
N=b j axdz:bj E(X)¢,dz (5)
—h/2 —h/2
h/2 h/2
M =b j ozdz=b j E(X)e,zdz (6)
—h/2 —h/2
h/2 h/2
Q=kb [ r,dz=bk, [ EW_, 4 7)
_hi2 2 2(1+0)

Burada, ks kesite bagli kayma diizeltme katsayisini,
v ise poisson oranini gostermektedir.

Esitlik 3-4, i¢ kuvvet-gerilme bagintilarinda yerine
yazilarak Esitlik 8-10 elde edilir. Normal kuvvet,
kesme kuvveti ve momentteki degisimler ise,
Esitlik 11-13’de verilmektedir [18]. Bu ¢aligmada
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burkulma  davramisim  idare eden  hbirinci

mertebeden kanonik denklem takimi

Esitlik 8-13deki gibi elde edilmistir.

du N

—= (®)
dx K,

dw_ ( Ky ), ©
dx K, —P

60_ M )
dx K,

dN

-0 11
i (11)
d—Q =0 (12)
dx

am =Q-P LS 7] (13)
dx Ky —-P

Burada K, , K,,ve K,, kesit rijitlik sabitleri
olup, Esitlik 14,15°de verilmistir.

K, Ko} ={EA E()1} (14)

Ks =k.G(X)A (15)
Calismada 0zel olarak, BKT’ye dayali burkulma
yiikii hesaplarinda Esitlik 9 ve Esitlik 13’de,
Ky, / (K4 —P) =1 olarak alinmaktadir.

S(y)=a,y”+a,,y"7 +.+ay'+a, (16)
Esitlik 16’da genel formu verilen sinir deger
problemi, n adet birinci mertebeden adi
diferansiyel =~ denklem  takimma  indirgenir.
Tamamlayici fonksiyonlar yontemiyle diferansiyel
denklem takiminin ¢6ziimii [17,19,20]; n adet
homojen, bir adet homojen olmayan baslangic
deger problemi ¢oziimii seklinde Esitlik 17°deki
gibi  yazilir. Calismada  baslangic  deger
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problemlerinin  ¢6ziimiinde besinci  mertebe
Runge-Kutta algoritmas1 kullanilmistir [21].
Y = Yo () +€,Y; (X) +...4C, Y, (X) a7
Esitlik 17° de; y,(x) homojen olmayan ¢oziimii,
Yy, (X) homojen ¢oziim fonksiyonlarini, ¢, terimleri

ise integrasyon sabitlerini ifade etmektedir.
Integrasyon sabitleri problemin smir kosullarindan
elde edilir. Bu calismada ele alinan problemler
coziiliirken, yap1 elemanlarinda en sik karsilasilan
mesnetlenme durumlarina ait Cizelge 1’de verilen
sinir kosullar1 (SK) dikkate alinmustur.

Cizelge 1. Sinir kosullari

Sinur kosullari Serbestlikler

Ankastre (A) u=0 | w=0 =0
Sabit (S) U=0 | w=0 | M=0
Serbest U¢(Se) | u=0 | Q=0 M=0

Analizi yapilan problemin burkulma yiikleri, sinir
kosullar1 dikkate alinarak, diferansiyel denklem
takimmin homojen ¢6ziimiinden elde edilen
katsayilar matrisinin determinantint sifir yapan
degerlerden elde edilmektedir. Burkulma yiikleri,
Secant metoduyla iteratif olarak bulunmaktadir.

3. SAYISAL UYGULAMALAR

3.1. Uygulama |
Kullanilan  ¢6ziim  yonteminin  uygunlugu,
yakinsamasi ve etkinligini gostermek igin

literatiirde analitik ¢oziimii verilen homojen-
izotrop malzemeye sahip bir kolon ele alinmistir
[22]. Kolonun geometri ve malzeme oOzellikleri
Esitlik 18’de verilmistir. Burkulma davranigini
idare eden diferansiyel denklem takimi TFY ile
N ={5,10,20,50} adim araliklar1 ve gesitli sir

kosullart i¢in ¢oziilmistiir.

r=—'_-001, k =5/6, =03
A

2

(18)
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Cizelge 2. Homojen-izotrop Euler-Bernoulli kolonlarinin boyutsuz burkulma yiikleri (P_cr =P, L’ / El)

Bu calisma
SK Wang [22]
N=5 N=10 N=20 N=50
S-S 9,86920 9,86960 9,86960 9,86960 9,86960
A-S 20,18424 20,19060 20,19072 20,19072 20,19073
A-A 39,41029 39,47681 39,47839 39,47842 39,47842
A-Se 2,46740 2,46740 2,46740 2,46740 2,46740

Cizelge 2’de BKT’ye dayali homojen izotrop
kolonlarin TFY ile bulunan birinci burkulma
moduna ait boyutsuz burkulma yiikleri verilmistir.
Cizelge 3’de ise kayma deformasyonunun etkisinin

dikkate alindigt TKT’ye dayali homojen izotrop
kolonlarin birinci boyutsuz burkulma yiikleri
sunulmustur.

Cizelge 3. Homojen-izotrop Timoshenko kolonlarimin boyutsuz burkulma yiikleri P_cr =P L / El)

Bu galigma
SK Wang [22]
N=5 N=10 N=20 N=50
S-S 7,54573 7,54596 7,54596 7,54596 7,54596
A-S 12,38488 12,38727 12,38732 12,38732 12,38732
A-A 17,67594 17,68931 17,68962 17,68963 17,68963
A-Se 2,29102 2,29102 2,29102 2,29102 2,29103
TKT’ye dayali homojen-izotrop konsol kolunun  burkulma yiikleriyle ¢ok uyumlu oldugu

dort burkulma moduna ait boyutsuz burkulma
yiikleri Cizelge 4’de verilmistir. Bu sinir kosuluna
sahip kolonun P eksenel yiikiine bagl katsayilar
matrisi determinantinin degisimi ise Sekil 2’de
gosterilmistir.

Cizelge 2-4 incelendiginde, TFY ile elde edilen
burkulma yiiklerinin, literatiirde bulunan mevcut

goriilmektedir. S-S sinir kosuluna sahip; homojen-
izotrop Euler-Bernoulli kolonunun N =10 adim
araliginda literatiir ile birebir uyum sagladigi
goriilmektedir. Timoshenko kolonu igin ¢oziim
araligt N =20 adim alindiginda yeterli hassasiyet
saglanmustir.

Cizelge 4. Homojen-izotrop Timoshenko konsol kolonunun boyutsuz burkulma yiikleri (P_cr =P L’ / El)

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

A-Se N=5 N=10 P S N=20 N=50 Wang [22]

P, 2.29102 2.29102 2.29102 2.29102 2.29103

P, 13.11484 13.11785 13.11791 13.11791 13.11791

P, 21.06022 21.09093 21.09196 21.09198 21.09198

P, 25.33910 25.33024 25.33488 25.33498 25.33498
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Sekil 2. A-Se  smir  kosulu i¢in  katsayilar

matrisinin determinantinin degisimi
3.2. Uygulama 11

Bu uygulamada, eksenel yonde FD malzemeli
kolonlarin analizleri i¢in malzeme modelleri
Cizelge 5°’de ve degisim fonksiyon grafikleri
Sekil 3’de verilen literatiirde iizerinde durulan ii¢
farklt model ele alinmistir [3,13]. E; terimi x=0
baslangi¢  noktasindaki elastisite  modiiliinii
gostermektedir.  FD  malzemeli  kolonlarda
k,=0,85, v=0,3 olarak sabit almmistir. Bu

uygulama i¢in TFY ile yapilan analizlerde N =20
adim aralig1 kullanilmistir.

Cizelge 5. Malzeme degisim fonksiyonlari

Model no Degisim fonksiyonlari
Model 1 E,(1+x—x%)
Model 2 E,(1+Xx)
Model 3 E, (1 +2x+X?)
4,04 --- Model 1 W
-—- Model 2 s
354 === Model 3 e
3.0 4 ’//
=25 e
o
2.0 ST
1.54 ’_—"’ _____________
Lo = T
0.0 0.2 0.4 0.6 0.8 1.0
x/L

Sekil 3. Elastisite modiiliiniin kolon boyunca

degisimi

Cizelge 6. BKT ye gore FD malzemeli kolonlarin birinci boyutsuz burkulma yiikleri (P_Cr =P, L’ / El)

SK Model 1 Model 2 Model 3
Bu ¢aligma | Rajasekaran [13] | Bu calisma | Rajasekaran [13] | Bu galisma | Rajasekaran [13]

S-S 12,00000 12,00000 14,51125 14,51125 20,79229 20,79229

A-S 23,66437 23,66438 29,44896 29,44897 42,10915 42,10919

A-A 45,39557 45,39565 57,39388 57,39401 81,92314 81,92347

A-Se 2,86537 2,86375 3,11770 3,11770 3,83638 3,83638
Eksenel yonde fonksiyonel derecelenmis BKT’ye  Timoshenko teorisine dayali eksenel ydnde
gore kolonlarin birinci boyutsuz kritik burkulma  fonksiyonel derecelenmis kolonlarmm burkulma

yiikleri Cizelge 6’da verilmistir.

BKT’ye dayali FD malzemeli kolonlarin gesitli
simir kosullar1 i¢in TFY ile bulunan boyutsuz
burkulma yiiklerinin literatiirde verilen sonuglarla

olduk¢a uyumlu oldugu goriilmektedir. A-A sinir
kosulunda; bu calismadan elde edilen sonuglarla
literatiirde bulunan mevcut sonuglarin, malzeme
degisim modellerine gore, {Model 1, Model 2,

Model 3} bagil farklar1 sirasiyla, {%1,76X104,
%2,27x10™ , %4,03x10™* } olarak bulunmustur.
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analizi i¢in TFY ve Abaqus [23] sonlu elemanlar
paket programi kullanilmistir. Sonlu elemanlar
programinda, malzeme degisiminin hassas olarak
modellenebilmesi i¢in kolon, uzunlugu boyunca
200 adet homojen-izotrop elemana bolinmiistiir.
Abaqus ile analizlerde, kayma deformasyonunun
dikkate alindig1 B21 elemani kullanilmistir. Farkli
sinir kosullarina sahip, FD malzemeli Timoshenko
kolonlarinin ¢esitli L/h oranlarindaki birinci
boyutsuz kritik burkulma yiikleri Cizelge 7-10’da
sunulmustur.
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Cizelge 7. TKT'ye gore FD malzemeli (S-S) kolonlarin boyutsuz burkulma yiikleri (P_Cr =P,L’/E)

S-S

L/h

5

10

20

50

TFY

Abaqus

TFY

Abaqus

TFY

Abaqus

TFY

Abaqus

Model 1

10,80851

10,80795

11,67826

11,67756

11,91792

11,91715

11,98679

11,99003

Model 2

13,09563

13,09508

14,13040

14,12970

14,41419

14,41373

14,49563

14,49653

Model 3

18,44967

18,44918

20,15927

20,15850

20,63077

20,62978

20,76629

20,76825

Cizelge 8. TKT'ye gore FD malzemeli (A-S) kolonlarin boyutsuz Burkulma Yiikleri ( P, = P, L2 /E,l )

A-S

L/h

10

20

50

TFY

Abaqus

TFY

Abaqus

TFY

Abaqus

TFY

Abaqus

Model 1

19,52678

19,15028

22,47451

22,24680

23,35530

23,18256

23,61438

23,46390

Model 2

24,45475

23,79053

28,02424

27,69678

29,07975

28,87166

29,38927

29,22015

Model 3

34,49752

33,37868

39,94574

39,45156

41,54909

41,27102

42,01864

41,80950

Cizelge 9. TKT'ye gore FD malzemeli (A-A) kolonlarin boyutsuz burkulma yiikleri (P_Cr =P L / E,l)

A-A

L/h

10

20

50

TFY

Abaqus

TFY

Abaqus

TFY

Abaqus

TFY

Abaqus

Model 1

32,55260

32,55503

41,32260

41,32656

44,30405

44,30837

45,21734

45,22418

Model 2

40,50100

40,54020

52,01028

52,03872

55,94869

55,96512

57,15777

57,17063

Model 3

55,70032

55,88985

73,53695

73,67220

79,66902

79,72704

81,55473

81,58725

Cizelge 10. TKT'ye gore FD malzemeli (A-Se) kolonlarin boyutsuz burkulma yiikleri (E =P,L’/E)

L/h
A-Se 5 10 20 50
TFY Abaqus TFY Abaqus TFY Abaqus TFY Abaqus
Model 1 | 2,79511 | 2,79513 | 2,84748 | 2,84752 | 2,86088 | 2,86084 | 2,86465 | 2,86834
Model 2 | 3,05877 | 3,05880 | 3,10275 | 3,10279 | 3,11394 | 3,11408 | 3,11709 | 3,11900
Model 3 | 3,77934 | 3,77941 | 3,82197 | 3,82210 | 3,83277 | 3,83278 | 3,83580 | 3,83954

A-A sinir kosuluna sahip, L/h=5 olan FD
Timoshenko kolonun; TFY ve Abaqus ile bulunan
burkulma yiiklerinin, malzeme degisim
modellerine gore, {Model 1, Model 2, Model 3}

bagil farklar1 sirasiyla,{ %7, 46x107%, 9%9,68x107?,
2%3,40x107* } olarak bulunmustur.

Bu ¢alisgmada, FD malzemeli kolonlar igin bulunan
boyutsuz burkulma yiiklerinin, hem literatiirde
verilen mevcut sonuglar hem de Abaqus sonlu

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

elemanlar programindan elde edilen sonuglar ile
uyumlu oldugu goriilmiistiir.

Model 1 malzeme degisim fonksiyonu i¢in BKT
ve TKT’ye dayali olarak modellenen FD
malzemeli kolonlarda L/h oranlarmn farkli sinir
kosullarinda birinci boyutsuz burkulma yiiklerine
etkisi Sekil 4’de gosterilmistir. FD kolonlarda

L/h  orami artikca TKT’den elde edilen
sonuglarin BKT sonuglarina yaklastigi
gozlemlenmistir.
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Sekil 4. Farkli sinir kosullarina sahip model 1 FD malzemeli kolonlarda L/h oranimin birinci boyutsuz

burkulma yiiklerine etkisi

S-S ve A-Se sinir kosullarina sahip, FD malzemeli
Euler-Bernoulli ve Timoshenko kolonlarinin ¢esitli
L/h oranlarindaki ikinci ve iigiincii boyutsuz
kritik  burkulma yiikleri Cizelge 11,12°de
sunulmugtur. Model 3 malzeme degisim
fonksiyonuna sahip, FD malzemeli Timoshenko
kolonlarinin TFY ile bulunan ilk {i¢ boyutsuz

burkulma yiiklerinin L/h oranlarma bagh
degisimleri Sekil 5’de gosterilmistir. TKT’ye gore
FD kolonlarin ikinci ve ii¢lincii boyutsuz burkulma
yiikleri, birinci boyutsuz burkulma yiikiine benzer
olarak L/h oram arttikca BKT degerlerine
yaklasmaktadir.

Cizelge 11. FD malzemeli kolonlarin ikinci boyutsuz burkulma yiikleri (P_Cr =P, L7 / E,l)

TKT
L/h=5 L/h=10 L/h=20 L/h=50 BKT
Model 1 32,83244 42,09713 45,28704 46,26834 46,46007
S-S Model 2 40,47397 52,17372 56,18381 57,41558 57,65615
Model 3 55,22680 73,72140 80,08105 82,03683 82,41894
Model 1 21,04813 24,45013 25,47903 25,78277 25,84145
A-Se Model 2 25,97227 30,17636 31,44109 31,81386 31,88584
Model 3 36,07691 42,44074 44,34839 44,91009 45,01852
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burkulma yiikleri (P, = P, L2/E,1 )

TKT
L/h=5 L/h=10 L/h=20 L/h=50 BKT
Model 1 54,01398 84,42919 98,20922 102,90829 103,85460
S-S Model 2 65,90379 104,81752 122,37768 128,35686 129,56043
Model 3 84,96454 146,21802 173,82769 183,23303 185,12663
Model 1 43,94567 61,96694 69,03023 71,30487 71,75519
A-Se Model 2 54,07350 77,01162 85,96255 88,84061 89,41012
Model 3 72,45161 108,05099 121,87528 126,31432 127,19240
140 200
—#=- 1.Mod - - l‘MDd‘
o 120 (A-Se) B -m- 2.Mod L1754 (5°9) @ m—mmmmmmmmm =TT -m- 2.Mod
= o -e- 3.Mod = T -e- 3.Mod
w100 Pl
E / E /
& ¥ 2 /
x S 1004/
E 01 E 75 ! " MW -mmmmmm———————m—————oose e b
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2 201 2
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Sekil 5. TKT'ye gore FD malzemeli kolonlarda L/h oranmin boyutsuz burkulma yiiklerine etkisi

4. SONUCLAR

Bu c¢alismada, basing kuvveti altinda eksenel
yonde fonksiyonel derecelenmis kolonlarin
burkulma davranisi incelenmistir. Analizlerde,
hem Euler-Bernoulli hem de Timoshenko Kkiris
teorileri kullanilmistir. Homojen-izotrop kolonlar
lizerinde yoOntemin uygunlugu, yakinsamasi ve
etkinligi gosterilmistir. Bu ¢alismada bulunan
burkulma yiiklerinin, hem literatiirde verilen
mevcut sonuglar hem de Abaqus sonlu elemanlar
programindan elde edilen sonuglar ile uyumlu
oldugu goriilmiistir. FD kolonlarda en biiyiik
boyutsuz burkulma yiikleri, Model 3 malzeme
degisim fonksiyonu i¢in bulunmustur. Ayni
malzeme degisim fonksiyonu ve L/h oranina
sahip kolonlarda en biiylik burkulma yiikleri A-A
siir kosulunda elde edilirken, en kiiglik burkulma
yiikleri A-Se sinir kosulunda elde edilmigtir. L/h
orani arttik¢a Timoshenko teorisinden elde edilen
sonuclarin Euler-Bernoulli kiris teorisi sonuglarina
yaklastigy; bu  oran azaldikca  kayma
deformasyonunun  kritik  burkulma  yiikiine
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etkisinin arttig1 gozlemlenmistir. Sonug¢ olarak,
uygulanan yontemin farkli sinir kosullarina sahip
FD kolonlarin burkulma analizlerinde etkin olarak
kullanilabilecegi gosterilmistir.
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Abstract

Our country, as in other developing countries, tries to minimize work accidents by taking adequate and
appropriate measures. It is necessary to adopt and implement occupational health and safety in all work
areas, regardless of small or large size. In this context, risk assessments regarding occupational health and
safety are vital. Various work accidents may occur in areas such as city squares where human density is
high. This study includes the result of an exemplary study by emphasizing the importance of risk
assessment in construction works that carried out in areas where people and vehicles are dense, such as
busy streets, squares, or boulevards in cities. The results were obtained using Fine Kinney Risk
Assessment Method. It was shown that the construction-related risks are vital and have a significant
impact on the people not only construction workers but also who have to pass through the construction
site.

Keywords: Construction sector, Fine Kinney risk assessment method, Occupational health and safety

Kent Meydanlarinda Yapilan Iinsaat Calismalarinin Fine Kineey Yéntemiyle Risk
Degerlendirmesi

Oz

Ulkemiz de diger gelismekte olan lkelerde oldugu gibi is kazalar: yeterli ve uygun énlemler alinarak en
aza indirilmeye calistimaktadir. is givenligini kiguk buyik demeden bitin calisma alanlarinda
benimsemek ve uygulamak gerekmektedir. Bu kapsamda is guvenligi ile ilgili yapilacak risk
degerlendirmeleri de onem arz etmektedir. Insan yogunlugunun fazla oldugu kent meydanlari gibi
alanlarda cesitli is kazalart meydana gelebilmektedir. Bu ¢alisma, kentlerdeki islek sokak, meydan veya
bulvar gibi insan ve ara¢ bakimindan yogun olan bélgelerde yapilan ingaat islerinde risk degerlendirmesi
yapilmasinin dnemine deginerek 6rnek bir ¢calismanin sonucunu icermektedir. Sonuglar Fine Kinney Risk
Degerlendirme Yontemi kullanilarak elde edilmistir. insaatla ilgili risklerin hayati 6nem tasidig1 ve
sadece ingaat iscilerini degil, insaat sahasindan ge¢gmek zorunda olan insanlar: da énemli 6lglde etkiledigi
gorulmastdar.

Anahtar Kelimeler: insaat sektorii, Fine Kinney risk degerlendirme yontemi, Is saghg: ve giivenligi

“Corresponding author (Sorumlu yazar): Selman ASLAN, se.aslan@alparslan.edu.tr

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022 329



Risk Assessment of Construction Works in City Square Using Fine Kinney Method

1. INTRODUCTION

With the rapidly increasing construction, one of
the most important problems of the construction in
the city squares is that the construction activities
affect life negatively [1]. Depending on the
innovations, the change in the production process
and the increase in the work volume may cause
negative consequences such as work accidents and
occupational diseases [2]. Activities in the
construction sector are provided by different
working teams. It can be in the form of other
materials or different manufacturing for each
activity. Therefore, the whole process needs to be
well coordinated. In this respect, there may be
problems in the healthy execution of the activities
in the construction that are not well organized, and
work accidents are inevitable. In a poorly managed
construction site, the working environment is
usually not regular due to the fact that each team
focuses on their own work and the use of different
equipment and materials, and the confusion of this
environment causes work accidents [3]. When
such construction sites are in places where there is
a high density of people, such as the city square, it
is even more difficult to provide the construction
site organization. An important problem in such
construction sites in the city is whether or not
appropriate work security is taken. It is important
to consider adequate occupational health and
safety, especially in construction sites that have
activities during working hours and are located in
city squares. The occupational health and safety to
be taken here will not be enough to cover only the
workers at the construction sites, it should also be
considered for the citizen passing by the
construction site for any reason. During some
construction activities taking place in the city
squares, the construction site environment is not
closed adequately and appropriately. Therefore,
various work accidents occur. For example, 43810
of the 286068 work accidents that occurred in
2016 were the fall of people due to slipping or
stumbling [4]. This type of work accident can also
happen in such construction sites.

There are various regulations on a city or national

basis regarding how the construction sites in the
city squares should be. For example, one of them
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is the city construction site regulation and some of
the measures to be taken in terms of occupational
health and safety in this regulation are as follows

[5]:

e The perimeter of the construction site security
area will be surrounded by prefabricated
elements or aluminium sheet metal with a height
of 2,00 m and the ground connections of this
enclosure will be made in a way that does not
create a security weakness.

To ensure vehicle safety in both long-term and
short-term-mobilized construction sites, places,
and points that pose a safety risk will be
determined in the active work area of the
construction site, and high-strength barriers by
the standards will be placed at these places as
protective-separators.

In the construction site security area, like a pit,
rubble pile, etc.; in the presence of situations that
pose a safety threat to people (especially the
disabled, children, and the elderly); long-term
construction sites will be surrounded by
containment elements (sheet metal, prefabricated
elements, concrete barriers, etc.) fixed to the
ground in a way to ensure safe pedestrian access
for 24 hours. During the daytime, the dangerous
areas will be protected by at least two
construction site security personnel in a way to
ensure passage order and control, depending on
the pedestrian density and the degree of security
threat.

As mentioned above, it is necessary to take
additional measures about occupational health and
safety in places with a high density of people such
as city squares. It is important how much the
above-mentioned substances are applied in such
areas. By applying these substances, work
accidents can be minimized at construction sites.
Otherwise, these accidents are inevitable. These
various regulations can be grouped as city-based,
national-based, or international. The critical point
is whether to comply with these regulations. If
these precautions are taken while the construction
sites are being created, the occurrence of work
accidents will be reduced. In developed countries,
such regulations are strictly enforced and success
is achieved in terms of occupational health and

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



safety. For example, in the Construction and
Repair Regulations published by the Chicago
Department of Transportation in Chicago, USA,
has published a comprehensive guide for
conducting construction and restoration works on
public roads [6]. Within the scope of this article, a
risk assessment was made in terms of occupational
health and safety at a construction site located in
one of the busiest squares of Adana. It is the
project of covering the construction site underpass.
The risks observed within the scope of the risk
assessment were recorded at certain times and the
Fine Kinney Risk Assessment method was applied.

2. MATERIAL AND METHOD

The risk assessment determines the risks that may
arise from the hazards and gives an idea at what
level the risk is in terms of probability of
occurrence, frequency of occurrence, and severity.
As a result of the risk assessment, the employer
and other stakeholders related to occupational
health and safety take the necessary precautions.
While risk management is the process of using
logical and systematic methods applied to share
information and consult about risks. On the other
hand, risk identification is the process of
identifying risk elements, preparing a report, and
defining each risk element [7]. According to the
6331 Occupational Health and Safety Law, risk
assessment refers to the studies that must be
carried out to determine the existing or external
hazards in the workplace, the factors that cause
these hazards to turn into risks, and the analysis
and grading of the risks that can arise from the
hazards, and to decide on control measures [8].
There are three primary purposes of risk
assessment in terms of occupational health and
safety [9];

e Protecting employees,
¢ Ensuring production safety,
¢ Ensuring business security.

As mentioned above, occupational health and
safety is important not only for employee health
but also for business and production safety. With a
well-made risk assessment, while a safer
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environment is prepared for employees in terms of
occupational health and safety, it will also be
beneficial for the business. While taking measures
in terms of occupational health and safety, it is not
sufficient to take measures to protect employees
only. It is necessary to take precautions for
everyone around the construction site or who has
contact with the construction site in some way.
Therefore, the risk assessment is comprehensive
for everyone affected by the construction site. This
study focused more on the risk assessment of
people indirectly affected by the construction site.
Work accidents will be less with the measures to
be taken as a result of the risk assessment to be
made in this context.

There are wvarious risk assessment methods
regarding occupational health and safety, both
qualitative and quantitative. Preliminary Hazard
Analysis, Fine Kinney Method Failure Mode and
Effects Analysis, Fault Tree Analysis, Event Tree
Analysis, L Type Matrix, X Type Matrix, Root
Cause Analysis are some of them. In this study, the
Fine Kinney Risk Assessment method is applied.
The Fine Kinney Risk Assessment method was
developed by Fine in 1971 under the name of
“Mathematical Assessment for Hazard Control”
[10]. The method was first used as the Kinney
method in 1976 by G.F. Kinney and A.D. It was
presented in a technical document by Wiruth [11].
In the first document prepared by Fine, the
evaluation criteria of the method and how the
mathematical model will be applied are given in
detail [10]. On the other hand, Kinney transformed
the application of the method from a mathematical
approach to a graphical form [11]. The method is
known as the Fine-Kinney method in the literature.
The basic idea behind the Fine-Kinney method
[11]:

e Many of the dangers in our lives are not
completely preventable and it is not possible to
eliminate all risks against dangers.

o With careful thought and effort, most of the risks
in daily life can be reduced to an acceptable
level.

o Limited resources of time and effort should be
used to reduce risk and provide maximum
benefit, rather than completely eliminating risks.
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From this basic idea, there will always be risks in
life. We aim is to reduce the risks to a level that
will affect our lives less, instead of eliminating the
risks. The Fine-Kinney method is widely used for
professional risk assessment. The approach in this
method is based on the sensitivity of the potential
hazards in the work area to the employee and the
result that will occur on the employee if the threat
occurs [7]. The Fine-Kinney Method is widely
used in the construction and cement industry, and
it is stated to be one of the simple methods
applicable to small and medium-sized businesses
[12]. There are three variables in mathematically
determining the Risk Value in the Fine-Kinney
method. The risk value is obtained by multiplying
these three variables. These;

o Possibility

¢ Frequency (Frequency of exposure to danger)

e Severity

¢ Risk Value = Probability x Frequency x Severity

Necessary actions are also taken according to the
risk value obtained. Necessary measures should be
taken immediately according to the resulting risk
value. The scales of Probability, Frequency, and
Severity variables are shown in the tables below
(Table 1, Table 2, Table 3). The frequency value is
the exposure time of the worker to the situation.
The value of severity is the damage that the
employee will suffer in the face of this event. The
frequency value will be effective in the score to be
taken for probability.

Table 1. Probability scale [11]

Table 2. Frequency scale [11]

Frequency L Hazard occurrence
Description
value frequency
Once a year or less
0.5 very rare 4
1 it Once or several times a
quite rare year
Once or several times a
2 Rare
month
3 s " Once or several times a
ometimes | op
once or several times a
6 Often day
. Continuous or multiple
10 Continuous times per hour

Table 3. Severity scale [11]

Severity Description [Harm of hazard
value
Should be Mild, harmless or
1 . .
considered | unimportant
Low job loss, minor
3 Important damage, first aid
Significant damage,
7 Serious external treatment, loss
of working days
15 Very serious Dlsz_ablllty, Ioss_of limb,
environmental impact
Death, total disability,
40 Too bad severe environmental
impact
100 Disaster Multiple deaths, major

environmental disaster

Probability Probability of hazard occurrence
value
0.1 Almost impossible
0.2 Practically impossible
0.5 Bare chance
1 Very unlikely
3 Rare but possible
6 Most likely
10 Very strong possibility
332

The risk value is obtained by multiplying the
probability, frequency, and severity values. As
seen in Table 4, decisions are made according to 5
different risk value ranges. It is also shown with
different coloring for each range. For example, if
the risk value is over 400, this is a very high risk
and the relevant work should be stopped and the
risk should be reduced to an acceptable level.
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Table 4. Risk value [11]

Risk value

Decision Action

Work should not be
started until the
identified risk has been
reduced to an acceptable
level.

Very high risk

(Stop)

Selman ASLAN

Risk Hazard confusion: probability,
acceptability frequency and severity not
assessment clearly defined.

If necessary,

measures are False sense of security

taken.
.Educatlo.n, Lack of precision: how to
information, . .

. interpret score differences?
reflection

Applicable only for certain
risks.

Actions should be

70<R<200 ﬁggl](nlflcant initiated immediately to
- (Moderate) reduce the identified

risks.

Existing controls should
be maintained and it
should be audited that
these controls are
maintained.

Additional control
processes may not be
needed to eliminate
identified risks.

Possible risk
(Low)

20<R<70

Acceptable
R<20 risk
(Insignificant)

The advantages and limitations of the Fine-Kinney
method are shown in Table 5 below. The most
important advantage is that it is simple to use. The
most important shortcoming of the Fine-Kinney
method is that it does not consider occupational
diseases. However, the result of some events is in
the form of an occupational disease [13]. If the
Fine-Kinney process is performed by a single
person, it may be insufficient because it presents
only one person's unique perspective. Therefore, a
multidisciplinary team is needed [14].

Table 5. Advantages and limitations of the Fine-
Kinney method [14]

Advantages Limitations
Numerical Random data
Simpletouse | Costly

Risk ranking No guarantees in risk

identification

Effectiveness of
the measures
Allows
evaluation

It is a subjective method

No council can be made for
different risk scores
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Fine-Kinney method has been used by many
studies. Some of these studies are briefly
mentioned below. In this study, there will be a
different area where the Fine-Kinney method is
applied.

o A New Approximation for Risk Assessment
Using the AHP and Fine Kinney Methodologies
[15]

In this study, a risk assessment study was
conducted in a large manufacturing company
where hazards were determined based on
experience, and the statistical records of the last 10
years were categorized and each category was
prioritized using the AHP method. The hazards
identified in the field were evaluated with the Fine-
Kinney method.

e Comparative Analysis of Methods for Risk
Assessment - “Kinney” And “Auva” [16]

KINNEY and AUVA methods were used to assess
risk in workplace safety, environmental safety and
fire protection, and a comparative analysis was
made to indicate possible advantages or
disadvantages of the selected methods.

o Indicators in Risk Management [7]

It gives an example of the Risk Indicators Method,
which gives more objective results for risk
assessment. The authors recommend the Risk
Indicators Method based on the Fine-Kinney
method.
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o A New Approach to Fine Kinney Method and an
Implementation Study [12]

In this study, new approaches were introduced to
the classical Fine-Kinney method (Linear
interpolation and square interpolation). New risk
scores were obtained by increasing the sensitivity
of the probability and frequency scales in the
classical Fine-Kinney.

o Kinney-type Methods”: Useful or Harmful Tools
in the Risk Assessment and Management Process
[14]

The neglected points in the Fine-Kinney method
and the possible threats that may be encountered in
the application of the method are mentioned. The
main objective of this article is whether such
methods can meet the current requirements for risk
quantification in terms of risk ranking and
assessment of anticipated prevention actions.

e Occupational Health and Safety in Industrial
Enterprises Producing Workshop Type [17]

In this study, analysis of hazards, risk assessment,
determination of regulatory activities and
surveillance steps are mentioned. During the
implementation phase, four different risk
assessment  methods  (Fine  Kinney Risk
Assessment Method, FMEA Risk Assessment
Method, 5x5 L Type Matrix Risk Assessment
Method and 3T Risk Assessment Method) were
compared.

¢ 3T and Fine-Kinney Risk Analysis Methods in
Occupational Health and Safety and Its
Application in a Metal Industry Business [13]

In this study, an application study was conducted
on both correct scoring and comparing the
methods by considering the 3T risk analysis
method and the Fine-Kinney method.

¢ Risk Analysis Application in the Metal Industry
[18]

In this study, Fine Kinney Risk Assessment was
applied for the steel mill and rolling mill divisions
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of an iron and steel business (376 risks). The
information and observations received from the
employees were taken into account in the risk
assessment.

e Risk Management in Occupational Health and
Safety with Fine-Kinney Method: The Example
of a Marble Factory [19]

In this study, hazards and risks were determined in
the marble business. The identified risks were
analyzed using the Fine-Kinney method and the
measures to be taken to prevent these risks from
occurring are listed. After the measures were
taken, the working conditions in the enterprise
were tried to be improved.

e Risk  Assessment within the Scope of
Occupational Health and Safety Management
System: “An Application in the Health Sector”
[20]

In this study, a risk assessment was performed
using the Fine Kinney Method in the medical
pathology laboratory of a private hospital. The
risks identified in the laboratory, the measures
were taken against these risks and the precautions
to be taken are given in detail in the risk
assessment report.

3. RESULTS

Hazards were determined by making observations
in the area where the construction site works were
carried out at different times. The probability,
frequency, and severity values of the risks related
to these hazards were determined by consulting
expert opinions. Then, the risk scores included in
the Fine Kinney Risk Assessment were obtained.
Pictures of the study area are given in Appendix 1.
As a result of the observations obtained, 47 risks
were determined to conduct the Fine Kinney Risk
Assessment. Table 6 provides information on 47
risks. Out of 47 risks observed as a result of the
Fine Kinney Risk Assessment, 9 are very high risk
(stop), 6 are high risk, 15 are significant risk
(moderate), 14 are possible risk (low), and 3 are
acceptable risk (non-significant) was determined.
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Each risk value range is also shown with a
different color.

One of the very high risks is not closing the gaps
in the construction site or not closing them
properly. Due to these reasons, work accidents due
to falling may occur. Exposure to this risk occurs
at more than one point of the construction site.
This risk is more likely to occur, especially at
night, due to the lack of sufficient lighting. Due to
the lack of suitable, adequate signs and safe roads
for people who want to pass through the
construction site, people try to pass from any part
of the construction site. In this case, work
accidents due to falling will occur. Entering the
construction site by unauthorized persons is also
determined as a very high risk. In such
construction sites, which are dense in terms of
human intensity, it is very important to close the
construction site appropriately and adequately. In
the construction sites that are closed appropriately,
people will not have to pass everywhere according
to their heads. Incomplete use of warning and
danger signs has also been identified as a very high
risk. People may be exposed to various work
accidents without these signs about occupational
health and safety. The high risks mentioned above
are the risks that come to the fore in such
construction sites. Those who are exposed to these
risks are both construction site workers and people
who have to pass there somehow. In this context,
these risks gain importance.

Traffic accidents may occur and vehicles may be
damaged in some way due to working on the
vehicle road without taking the necessary traffic
precautions. If the construction site is not closed
properly, it may cause damage to the surrounding
workplaces and the environment. The scattered
stacking of the material on the construction site
causes all kinds of accidents on the construction
site. The inability to distinguish between
employees and third parties, the absence of an
employee responsible for the safety of the
construction site (security guard or watchman),
and the lack of communication due to the
complexity of the construction site can also be the
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cause of work accidents. Psychosocial factors may
occur due to the exposure of third parties who
work near the construction site or who have to pass
through the construction site.

The last 3 risks, which are also shown in green in
the Fine Kinney Risk Assessment Table
(insufficient ergonomic conditions of the operator's
cabin, theft of material, periodic maintenance of
Construction Machinery) are the lowest risks in
terms of risk values. These are interpreted as
acceptable or insignificant risks. No action is
required for these risks.

Table 6. Fine Kinney Risk Assessment (sorted by
risk value)

Lack of first aid Failure to do

1 supplies first aid ‘6 oL 40‘2400
Improper

2 | enclosure of the Fire
generator
Employees not
receiving
training on
OHS
Leaving the
generator cover Fire
open
Not closing the
gaps in the
construction
site
Improper

1 10/100/1000

Accidents due to
lack of
information

3 640|720

3 2 100/ 600

Fall-related

accidents O o] i 3

sealing of gaps
within the
construction
site

Fall-related

accidents O o] i 3

Material or
object falling
into the
underpass
Unauthorized
persons
entering the
construction
site

Traffic accident |0.5 10 100| 500

tripping, falling

object 310 15| 450

All kinds of
gcadentsdueto 6 10 7 | 420
ignorance of the

hazards

Incomplete use
of warning and
danger signs
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10|

11|

12|

k]

14|

Inappropriate
behavior of the
operator
(talking on the
phone on the
job, etc.)

Working in
poor lighting
conditions
(placement of
precast beams
overnight)

Working on the
vehicle road
without taking
traffic
precautions
Employees not
wearing
helmets

Use of warning
and danger
signs in the

____wrong place

15|

Failure to
properly secure
warning and
danger signs

Any accident
due to operator | 3| 3|40 360 |

distraction

Falling,
penetrating
sharps,
overturning of
construction
machinery,
hitting people
and/or objects

3] 340|360 ]

Traffic accident [0.5) 6 /100 300 |

Fall-related
injuries |
Any accident ‘ ‘ ‘

caused by 3]10 7 | 210
misdirection

210 |

All kinds of ‘ ‘
accidents as a

result of the
plates falling
over

310 7

Employees not

Penetrating,
cutting object

21| wearing work fricti 3|3(15]|135
loves gn_d _rlctlon
9 injuries
Due to the
openness of the Healt_h .
construction deterioration due
22| site, workers ZOS:ZL:F e 3[6|7 |126
and third parties .yh |ation of
are affected by inhalation 0
dust dust
3rd parties
tripping over )
23 | dilatation joints Zgé'l d’:r':;ed 3l6|7 126
and building
materials
E?c%eeto Any kind of
. accident due to
24 mgg{;ﬁ?ag'l‘g the lackof  |0.5| 6 |40 | 120
communication direction of the
with the pointer operator
Not using PPE
during .
25| transportation E?I:]mg el 113140120
of precast g
beams
Lack of
gﬂgntrgutﬂgcatlon Loss of time,
26 complexity of decrease in 6|63 |108
the construction G HTEEEY
site
Failure to Narrowing of
remove the the working
27| rubble at the area, slowing 66| 3 |108
construction site] down of work,
on time visual pollution
Working on the
pedestrian road
28 mﬂ%ﬂzg:r;g Traffic accident | 1 | 6 | 15| 90
traffic
precautions
Setting up the Accidents due to
29| site office in the L?/iﬁiicontml 3|10( 3 | 90
By e construction site
Lack of an Material theft,
employee unauthorized
30| responsible for | persons entering| 3 [10| 3 | 90
the safety of the| the construction

construction site

site

Failure to place | Traffic
marking plates | accidents,
16 | for pedestrian | crashing into  [0.5/10| 40 | 200
and vehicle people and
traffic vehicles
Disorganized | Waste of
stacking of material, loss of
17 material at the |time, slowdown 61101 3 | 180
construction site| of work
Inability to Distinction
distinguish between
18| between authorizedand | 6 (10| 3 | 180
employees and | unauthorized,
third parties turmoil
Emplpyegs not Slowing down
TSI I of work, loss of
19| suitable time méterial 610 3 |180
con_struction site damége
environment
Employees not | Penetrating,
20| wearing work | cutting object, |3 |3 |15|135
shoes crushing
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Employees not
wearing work
clothes

Failure to carry
loads suitable
for the capacity
of the mobile
crane

Incorrect
handling and
placement of
precast beams

Unbalanced
loading

Emergency
assembly
location not
specified
Psychosocial
factors of third
parties due to
noise

Not closing the
underpass to

traffic during
the
transportation
of precast
beams

Not closing the
underpass to
traffic during
night work

Damage to third
party vehicles

Damage to third
parties'
workplaces and

the environment

Use of
construction
machinery by
unauthorized
and unqualified
persons
Failure of the
reversing lamp
and siren
Vehicle
headlights not

Cleaning

Any accident
due to material
drop

0.2 3 100

Waste of

construction

element, loss of |0.2 3 100
time, material

damage

Overturning the

vehicle, tipping (0.5 3 40
the load

Chaos

Noise-induced
attention loss
and stress etc.

Traffic accident |0.1

Traffic accident |0.1

Scratches of
vehicles,
damage to tires

Dust, mud, stone

splashes <

All kinds of
accidents due to
lack of 0.2
professional
competence

Bumping into
people and/or |0.5
objects

‘ Traffic accident |0.5
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‘ working

Getting
musculoskeletal 0.5 6 7 | 21
diseases

Manual lifting
and transport

Inadequacy in
ergonomic
conditions of
the operator's
cabin

Theft of
material

Any accident
due to operator (0.2 3 15| 9
distraction

Business
slowdown,
material damage
Accidents
caused by
technical
problems (Fire,
Overturning)

P: Possibility, F: Frequency, S: Severity, R.V: Risk
Value

305 3|45

Periodic
maintenance of
Construction
Machinery

023 7|42

4. CONCLUSION

As in the whole world and also in our country,
studies on occupational health and safety are
increasing. As a result, work accidents decrease
and improvements in occupational health and
safety occur. However, the point reached is not yet
at the desired level. In some sector-based or
activity-based areas, adequate work security is not
taken. Adopting occupational health and safety
should be in every field and at all times. Thus, a
culture of safety will be formed at the social level.
As seen in this study, adequate and appropriate
measures are not considered in places where
people are dense such as city squares. Work
accidents also occur at construction sites in such
places. With the risk assessment to be made in this
context, it is envisaged to identify the hazards, to
identify and rank the risks, and to minimize the
accidents that may occur as a result.

In this study, a risk assessment is carried out at the
construction site located in a city square with a
high density of people. It is more appropriate to
carry out a Fine Kinney Risk Assessment in such
construction sites, both because there are people
who are indirectly affected and because there is a
high density of people. Because, in such
construction sites, it is important to take into
account the frequency value while calculating the
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risk value. Risks were determined by observing the
construction site on different days. Within the
scope of Fine Kinney Risk Assessment, 47 risks
were obtained. Some of the 47 risks revealed by
risk assessment are similar to the risks that arise in
different types of construction sites. However,
within the scope of this study, it is aimed to
highlight the risks that are affected by people who
do not belong to the construction site but have to
move to the construction site. In this context, the
affected people may not have received
occupational health and safety training within the
scope of the construction site, may not have
occupational health and safety awareness, or may
not have any knowledge of occupational health
and safety. These people may not know how to
behave in dangerous situations in terms of
occupational health and safety. For this reason, the
occupational health and safety to be taken in such
construction sites should be handled more
carefully and in a broader framework, considering
such people as well. It will also be important that
the inspections are carried out very strictly by both
the relevant official institutions and the employer's
occupational health and safety unit. In this context,
it will be important to consider the following
measures within the scope of occupational health
and safety:

e The construction site area should be
surrounded by barriers, security or guard should be
appointed to protect the construction site and
prevent unauthorized people from entering the
construction site, areas should be created for
pedestrians to walk safely outside the construction
site.

e Traffic should be directed with traffic
signboards, barriers should be placed between the
construction site and other active roads.

e Warning and danger signs should be placed
completely and constantly checked for both
employees and anyone who may have to pass
through the roads specified on the construction
site.

« Before starting work, all hazards and risks
should be explained to the employees in their
training on occupational health and safety, it
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should be specifically stated that people outside
the construction site may also be affected in such
construction sites, the employees should be
constantly observed, and the employees should be
informed about any changes in the construction
site.

*  Which materials will be stacked where should
be specified in the construction site layout plan,
materials should be stacked in a way that does not
cause waste, and rubble should be removed from
the construction site without accumulating.

e Gaps within the construction site should be
properly closed, necessary lighting should be
provided.

» The construction site office should be planned
in a way that dominates the entire construction site
area.

e Continuous effective supervision should be
provided

There are also different methods of risk
assessment. In future studies, comparisons
between methods can be made by applying
different risk assessment methods for such
construction  sites. In  addition, for such
construction sites, the relevant official institutions
may prepare a guide within the scope of the above-
mentioned measures and express that employers
should implement them. Since observations are not
made at the construction site every day, different
risks that may arise are not included in this study.
Risks related to occupational disease risk,
biological and chemical hazards are not included
in the risk assessment.

5. REFERENCES

1. Besiktepe, D., 2007. Insaat Sektoriinde Santiye
Guraltastinin  Degerlendirilmesi: Bir Konut
Santiyesi Ornegi. Yiksek Lisans Tezi, istanbul
Teknik Universitesi, Fen Bilimleri Enstitisi,
Istanbul, 113.

2. Akcay, C., Aslan, S., Sayin, B., Manisali, E.,
2018. Estimating OHS Costs of Building
Construction Projects Based on Mathematical
Methods. Safety Science, 109, 361-367.

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



3. Calisma ve Sosyal Guvenlik Bakanligi, 2018.
Kanal Kazis1 Calismalarinda is Saghgi ve
Guvenligi Rehberi. Is Saghgi ve Guvenligi
Genel Mudurlugii is Saghg: ve Givenligi
Arastirma ve Gelistirme Enstitlisi Bagkanlig.
https://www.csgb.gov.tr/medias/12262/kanalka
zicalismaisgreh.pdf. Erisim Tarihi: 14.03.2022,
Ankara.

4. Kalkinma Bakanhgi, 2018. Is Saghgi Guvenligi
Calisma Grubu Raporu.
https://www.shb.gov.tr/wp-
content/uploads/2020/04/1sSagligiGuvenligiCal
ismaGrubuRaporu.pdf. Erisim Tarihi:
14.03.2022, Ankara.

5. Malatya Belediyesi, 2011. Urban Construction
Site Regulation.
https://www.malatya.bel.tr/yonetmelikler/.
Erisim Tarihi: 14.03.2022, Malatya.

6. Chicago Department of Transportation, 2019.
Chicago Public Way Construction Regulations.
https://www.chicago.gov/content/dam/city/dept
s/cdot/Construction%20Guidelines/2019/2019

CDOT_Rules_and_Regs_101819.pdf.  Erisim
Tarihi: 14.03.2022, Chicago.
7. Berezutskyi, V., Berezutskaya, N., 2015.

Indicators in Risk Management. Wydawnictwo
Uniwersytetu Warminsko-Mazurskiego,
Rozdziat 9, 108-116.

8. Is Saghg ve Giivenligi Kanunu, 2012. T.C.
Resmi Gazete, Kanun Numarasi: 6331, Sayi:
28339, Tarih: 30.06.2012. Erisim Adresi:
https://www.mevzuat.gov.tr/mevzuat?Mevzuat
No0=6331&MevzuatTur=1&MevzuatTertip=5
Erisim Tarihi: 14.03.2022, Ankara.

9. Mum M., 2015. Istanbul’da Yaya Ust
Gegitlerinin Givenligi ve Kaza Risk Analizi.
Yiiksek Lisans Tezi, Bahcesehir Universitesi,
Fen Bilimleri Enstitsti, Istanbul, 115.

10.Fine, W.T., 1971. Mathematical Evaluations
for Controlling Hazards. Naval Ordance Lab
White Oak. Maryland, 34.

11.Kinney, G.F., Wiruth, A.D., 1976. Practical
Risk Analysis for Safety Management. Naval
Weapons Center China Lake CA, USA, 25.

12.0turak¢i, M., Dagsuyu, C., Kokangil, A.,
2015. A New Approach to Fine Kinney Method

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

Selman ASLAN

and an Implementation Study. Alphanumeric
Journal, 3(2), 83-92.

13.Kosek Ozler, M., 2016. Is Saghg ve
Guvenliginde 3T ve Fine-Kinney Risk Analizi
Yontemleri ve Metal Sektoriindeki Bir
Isletmede Uygulanmasi. Yiiksek Lisans Tezi,
Kirikkale Universitesi, Fen Bilimleri Enstitiisi,
Kirikkale, 125.

14.Babut, G.B., Moraru, R., Cioca, L., 2011.
Kinney-Type Methods: Useful or Harmful
Tools in the Risk Assessment and Management

Process. In International Conference on
Manufacturing  Science and  Education,
Romania, 1-5.

15.Kokangil, A., Polat, U., Dagsuyu, C., 2017. A
New Approximation for Risk Assessment
Using the AHP and Fine Kinney
Methodologies. Safety Science, 91, 24-32.

16.Stankovic, M.,  Stankovic, V., 2013.
Comparative Analysis of Methods for Risk
Assessment-Kinney and Auva. Safety
Engineering, 3(3), 129-136.

Doi: 10.7562/SE2013.3.03.04.

17.Cakmak, E., 2014. Atdlye Tipi Uretim Yapan
Sanayi Isletmelerinde Is Saghgi ve Giivenligi.
Calisma ve Sosyal Giivenlik Egitim Uzmanhg:
Tezi, Calisma ve Sosyal Givenlik Bakanligi,
Ankara, 265.

18.0zgir, M., 2013. Metal Sektorinde Risk
Analizi  Uygulamasi. Calisma ve  Sosyal
Givenlik  Bakanhg Is  Teftis  Kurulu
Baskanhgi, Is Mifettisi Yardimcihigi Etidi,
Calisma ve Sosyal Givenlik Bakanhgi,
Ankara, 116.

19.0zcelik, A., 2013. Is Saghg ve Giivenliginde
Fine-Kinney Yontemiyle Risk Yonetimi:
Mermer Isletmesi Ornegi. Yiiksek Lisans Tezi,
Eskisehir  Osmangazi  Universitesi, Fen
Bilimleri Enstitlisu, Eskisehir, 98.

20.Kilc1, S., 2015. is Saghg ve Givenligi

Yonetim Sistemi Kapsaminda Risk
Degerlendirmesi:  “Saglik  Sektoriinde Bir
Uygulama”. Yilksek Lisans Tezi, Gediz

Universitesi, Fen Bilimleri Enstitiisi, izmir, 54.

339


https://www.csgb.gov.tr/medias/12262/kanalkazicalismaisgreh.pdf
https://www.csgb.gov.tr/medias/12262/kanalkazicalismaisgreh.pdf
https://www.sbb.gov.tr/wp-content/uploads/2020/04/IsSagligiGuvenligiCalismaGrubuRaporu.pdf
https://www.sbb.gov.tr/wp-content/uploads/2020/04/IsSagligiGuvenligiCalismaGrubuRaporu.pdf
https://www.sbb.gov.tr/wp-content/uploads/2020/04/IsSagligiGuvenligiCalismaGrubuRaporu.pdf
https://www.malatya.bel.tr/yonetmelikler/
https://www.chicago.gov/content/dam/city/depts/cdot/Construction%20Guidelines/2019/2019_CDOT_Rules_and_Regs_101819.pdf
https://www.chicago.gov/content/dam/city/depts/cdot/Construction%20Guidelines/2019/2019_CDOT_Rules_and_Regs_101819.pdf
https://www.chicago.gov/content/dam/city/depts/cdot/Construction%20Guidelines/2019/2019_CDOT_Rules_and_Regs_101819.pdf
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=6331&MevzuatTur=1&MevzuatTertip=5
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=6331&MevzuatTur=1&MevzuatTertip=5

Risk Assessment of Construction Works in City Square Using Fine Kinney Method

Appendix 1. Images from the Construction Site

340 C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



Cukurova Universitesi Miihendislik Fakiiltesi Dergisi, 37(2), ss. 341-349, Haziran 2022
Cukurova University Journal of the Faculty of Engineering, 37(2), pp. 341-349, June 2022

InceptionResNetV2 ve Simif Aktivasyon Haritalar ile Akciger
Kanserinin Tespit Edilmesi

Erdal BASARAN™ ORCID 0000-0001-8569-2998

'Agr: Ibrahim Cegen Universitesi, Meslek Yiksek Okulu, Bilgisayar Teknolojileri B&limi, Agr:
Gelig tarihi: 11.02.2022 Kabul tarihi: 30.06.2022

Atf sekli/ How to cite: BASARAN, E., (2022). InceptionResNetV2 ve Sinif Aktivasyon Haritalar: ile
Akciger Kanserinin Tespit Edilmesi. Cukurova Universitesi, Mihendislik Fakiltesi Dergisi, 37(2),
341-349.

Oz

Akciger kanseri, hayati tehlikesi son derecede yiiksek olan bir hastaliktir. Diinya Saglik Orgiitii’ne gére
kanserden 6liim orani en yiiksek olan hastaliktir. Oldukga sinsi olan bu hastalik erken evrelerde herhangi
bir semptom géstermemektedir. Ik evrelerde hastalik dogru teshis edildigi takdirde tedavisi miimkiin olan
bir hastaliktir. Bilgisayarli tomografi ile akciger bolgesindeki Kitleler tespit edilebilmekte ve deneyimli
doktorlar tarafindan teshis konulabilmektedir. Derin dgrenme yontemlerinden biri olan evrigsimsel sinir
ag1 glinimizde birgok hastaligin tespit edilmesinde basarili bir sekilde uygulanmaktadir. Simf aktivasyon
haritalar1 evrisimsel sinir agi ile egitilirken goruntinin ayirt edici bolgeleri 6nemine gore
renklendirilmekte ve bdylece hedef simfa ydnelik 6nemli bolgeler tespit edilebilmektedir. Bu ¢alismada
bilgisayarli tomografi ile elde edilen U¢ simftan olusan toplam 1197 akciger gorintisu
InceptionResNetV2 evrisimsel sinir agi ile egitilmis sinif aktivasyon haritalari ve gorintilere ait 6nemli
bolgeler tespit edilerek bu bdélgelere ait dznitelikler cikarilmigtir. Elde edilen 6znitelikler destek vektor
makinalari ile siniflandirilarak %95.44 dogruluk orani ile siniflandiriimagtir.

Anahtar Kelimeler: Akciger kanseri, Inceptionresnetv2, Simif aktivasyon haritalari, Destek vektor
makinalar

Diagnosis of Lung Cancer with InceptionResNetV2 and Class Activation Maps

Abstract

Lung cancer is a life-threatening disease. According to the World Health Organization, cancer is the
disease with the highest mortality rate. This disease, which is quite insidious, does not show any
symptoms in the early stages. If the disease is diagnosed correctly in the early stages, it can be treated.
With computed tomography, masses in the lung region can be detected and diagnosed by experienced
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doctors. Convolutional neural network, which is one of the deep learning methods, is successfully applied
in the detection of many diseases today. When class activation maps are trained with a convolutional
neural network, distinctive regions of the image are colored according to their importance, so that the
important regions for the target class can be determined. In this study, a total of 1197 lung images
consisting of three classes obtained by computed tomography, class activation maps were trained with the
InceptionResNetV2 convolutional neural network, and the important regions of the images were
determined that the features of these regions were obtained. The Obtained features were classified using
support vector machines and classified with an accuracy rate of 95.44%.

Keywords: Lung cancer, Inceptionresnetv2, Class activation maps, Support vector machines

1. GIRIS

Akciger kanseri diger kanser cesitleri arasinda
6lum oram en ylksek olan kanser cesididir. Bu
hastaliga tan1 konulduktan sonra hayatta kalma
orani en duslk olan, 6lim sayisinda ise her vl
kademeli bir sekilde artarak dinyadaki en riskli
hastaliklardan biridir [1]. Dinya saghk 6rgutinin
kanserden kaynaklanan 6lim oranlarina bakildig:
zaman en fazla 6limin 1.8 milyon ile akcigerden
kaynaklandig: bildirilmistir [2]. Akciger kanserinin
temel nedeni, diunya capinda akciger kanseri
vakalarimn yaklagik % 80'ini hastalarin sigara
icmesine baglanmistir. Bu hastaligi erken evrede
tespit etmek zordur ve akciger kanseri teshisi
konan Kisilerin yaklasik % 25'i highir semptom
gostermemistir [3]. Bilgisayarl: tomografi (BT),
tipta yaygin olarak kullanilan tani yéntemlerinden
biridir. BT cihazi ile akciger kanserinin yani sira
bircok  hastahgin  erken tamsi  kolaylikla
konabilmektedir.

Derin 6grenme yodntemleri son zamanlarda tibbi
goriintileme cihazlar1 araciligiyla goérunttlerde
kitle tespiti yapilabilmekte ve bunlar hastalik
tipine gore simiflandirilabilmektedir [4][5]. BT
goruntdleri ile bilgisayar destekli meme kanseri
teshisine ydnelik olarak evrisimsel sinir agi (ESA)
ve yigilms otomatikkodlayici (stacked
autoencoder) iyi huylu ve kétu huylu goéruntuler
%84,15 dogruluk orani ile siniflandirilmistir [6].
Goriintli  kontrastlar1 ~ maksimum  yogunluk
agirliklar  yaklasim:  ile  gama  dizeltmesi
isleminden sonra goriint 6zelliklerinin ¢ikarilmasi
icin coklu doku, nokta ve geometrik &zellikler
kullanilmis ve komsuluk bilesen analizi ile 6zellik
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seciminden  sonra  topluluk  &grenimi ile
siniflandirma  gergeklestirilmistir  [7].  Akciger
kanserine yonelik olarak yine ESA modeli olan
DarkNet-19 mimari ile goruntilere ait ozellikler
cikarildiktan sonra Equilibrium ve Manta Ray
Foraging optimizasyon algoritmalar: ile &zellik
secim islemi gercekletirilmis ve SVM ile
siniflandirma yapilmistir.  Onerilen model ayni
zaman kolon kanseri gorintuleri (zerinde de
basarili bir sekilde test edilmistir [8].

Bu makalede akciger kanserinin bilgisayar destekli
teshis edilebilmesi igin class activation map
algoritmasinin ~ SqueezeNet ESA modeli ile
egilerek  basarilh  bir simflandirma islemi
yapmaktir.  Calismanin  ikinci  bolimiinde
kullanilan yontem ve veri seti agiklandiktan sonra
uciincl bolimde deneysel calismalarin sonuglarina
yer verilmistir. Bunu sirasiyla tartisma ve sonug
bolumu izlemistir.

2. MATERYAL VE METOD

2.1. Veri Seti

Bu veri seti farkli asamalarda kanser ve saglikli
tamis1 konan hastalarin CT taramalarini igerir. BT
goruntilerine onkologlar ve radyologlar tarafindan
etiketleme islemi gerceklestirilmistir. Veri setinde
normal durum BT gorintu sayist 416 iken iyi
huylu BT ve kotu huylu BT sinifina sahip goriinti
sayist swrastyla 120 ve 561°dir. Veri setinde
toplamda 1097 akciger BT goruntli bulunmaktadir
[9]. Veri setinde bulunan her bir sinifa ait bir
gorinty Sekil 1’de verilmistir.
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Normal

Sekil 1. Ug simfl: veri setinden 6rnek resimler

2.2. Onerilen Yontem

Bilgisayarl: tomografi (BT) cihazi ile elde edilen
ve Normal akciger BT, iyi huylu ve kétl huylu BT
goruntileri olmak (izere 3 simiftan olusan veri
setini simiflandirmak igin ilk olarak SquuezeNet
ESA modeli ile gorintiler siniflandiriimastar.
Ardindan Class Activation Map teknigi ile ESA
modelleri siniflandirma  yapilirken  géruntinin
hangi bolgesinin sinif hedeine yonelik olarak ayirt

Iyi huylu

Kotl huylu

kullanilarak géruntinin énemli bolgeleri tespit
edilmigtir. CAM teknigini akciger BT goruntuleri
Uzerinde uygulamak icin SqueezeNet ESA modeli
kullanilmigtir. Burada renk haritasini  ortaya
cikarmak icin agin son konvolusyon katmanin
takip eden ReLu katmani (relu_conv10)
kullanilmigtir. Gorntller renklendirildikten sonra
CAM ozellikleri elde edilmistir ve bu o6zellikler
destek vektor makinalarina giris olarak verilmistir.
Onerilen modelin akis diyagram Sekil 2 (izerinde

edici olmasina gbre renklendirme teknigi  gosterilmistir.
SqueezeNet
- — (=]
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SQmmmg.anmmS_mg
Veriseti I
(Dataset) ]
|
!
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- ) |
P - lyi Huylu ‘
' e Ko&tli Huylu “
|
|
|

Sinif aktivasyon haritasi
(Class activation map)

Sekil 2. Onerilen modelin akis diyagrami
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2.3. SquuezeNet

Indola ve digerleri tarafindan 6nerilen bu sinir ag
mimarisi AlexNet mimarisine gore 50 kat daha az
parametreye sahip olmasina ragmen AlexNet
mimarisinin dogruluk oranina yaklasmaktadir [10].
18 katmandan olusan SqueezeNet mimarisi tek bir
evrisim katman: (convl), ardindan sekiz Fire
modull (fire2-9) ve son olarak bir son evrisim
katmani (conv10) ile baslar [11]. SqueezeNet, giris
kanallarinin  sayisim azaltmak icin sikistirma
katmanlar: kullanilir [12]. SqueezeNet evrisim agi
kullanilir ve daha kiiciik ve daha etkili bir CNN
mimarisi olusturmak icin yangin modullerinin
sikistirma ve genisletme katmanlarint kullanir
[13]. Bu calismada akciger BT gorntuleri
SqueezeNet ESA modeli ile siniflandirilirken ayn
anda islenen veri sayisi degeri olan mini-batch size
32 olarak segilmistir. Tim egitim verilerinin bir
sefer ag ile egitilme degeri olan epoch ise 16
olarak secilirken ©grenme oram ise 1x10™
secilmistir.

.

Sekil 3. Class activation map ile Akciger BT goriintisiine ait 6nemli bolgelerinin tespit edilmesi

1

Evrigimsel sinir aginda, belirli bir simf ¢ igin,
softmax katmanimin girigini  (S.) belirtirsek,
softmax'in ¢ikist exp S, /Y exp S, ile hesaplanabilir.
S, ise Esitlik 1’deki hesaplanmaktadir:

Se= Zawi 2y ()= Xy Zawiy (6.3) )

Esitlik 1’de fi(x,y); uzamsal konumdaki (x, y)
son evrisim katmaninda k biriminin aktivasyon
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2.4. Class Activation Map

Evrisimsel sinir aglarinda evrisim katmani ile
ozellik haritalar: elde edilir ve istenen ¢iktinin elde
edilmesi icin bu 6zellikler tam baglantili katmanda
kullanilir.  Cikti  katmanin  agirliklar  6zellik
haritalarina geri yansitilarak gériintilye ait énemli
bolgeler belirlenmektedir bu islem simf aktivasyon
eslesmesi olarak tammlanan bir tekniktir [14]. Tam
baglantil1 katmanlari, kiresel ortalama havuzlama
ve 1x1 evrisim katmanmyla degistirir. Bu yapi,
derin evrisim katmanlarindan 6zellik haritalar
olusturmak icin  simiflandinicidaki  kategori

agirliklarint carparak siniflandirma agindaki ayirt
edilen bolge gorsellestirilmektedir [15]. Kirmizi
olan bolgeler ayirt ediciligi en yuksek olan bélge
olarak renklendirilmektedir. Veri setinde bulunan
goruntiye ait class aktivasyon haritas: belirlenmis
olan 6rnek gorunti Sekil 3’de verilmistir.

degerini temsil ettiginde w, f, stnifi igin f'nin
onemini gostermektedir. Ag egitilirken w degerini
almak icin geri yayilimi kullanirsak, o zaman Mc
olarak belirtilen ¢ simifinin class activation map’i
Esitlik 2 ile hesaplanir:

M =X wifi(x.y) O]
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2.5. Destek Vektor Makinalar:

DVM, denetimli bir makine 6grenme yontemidir.
Vapnik [16] tarafindan gelistirilen bu makine
Ogrenme algoritmas: siniflandirma ve regresyon
problemlerinde kullanilmaktadir. Veriler hiper
dizlem Uzerinde basarili bir sekilde
siniflandiriimaktadir. Veri setinin dogrusal olarak
ayirilmadigr durumlarda dogrusal olmayan bir
cekirdek islevleri kullamlhr [17]. Bu c¢ahsmada
akciger BT gorlntilerinden ¢ikarilan ozellikler

DVM ile simflandirihrken  Cubik  kernel
kullanilmigtir.  Kernel boyutu otomatik olarak
secilirken kutu simrlama degeri 1 olarak
secilmistir.

3. BULGULAR

Bu calismada yapilan deneysel ¢alismalarin basari
kriterlerini degerlendirmek igin karmagiklik

matrisinden yararlanilmastir. Karmagiklik
matrisinde dogru pozitif (DP), yanhs pozitif (YP),
dogru negatif (DN) ve yanhs negatif (YN) olmak
Uzere dort deger bulunmaktadir. Matematiksel
olarak Esitlik 3-7’de verilmistir [18]. Bu ¢alismada
basar: kriterlerinin bir diger 6l¢utu olan alict islem
karakteristik egrisinden de yararlanilmistir. Bu
egrinin altinda kalan alan tam testlerinde

Erdal BASARAN

karsilastirma amaciyla kullaniimaktadir. Yapilan
deneysel calismalarda veri setinin %70°i egitim
icin ayrilmistir. Test icin veri setinin %30’u
ayrilmistir.

DP+DN

Dogruluk DP+DN+YP+YN (3)
_ DP

Duyarhilik= T 4

s ... DN

Ozgiilliik= T (5)

Kesinlik=—= (6)
DP+YP

F-Skor=—22 @)
2DP+YP+YN

Akciger BT goruntulerini  simflandirmak igin

CAM algoritmas:  SqueezeNet modeli ile

egitilmistir. Bu yontemin SquuezeNet ESA

modeline gére basarisina bakmak igin ilk olarak
veri seti SqueezeNet modeli ile siniflandirilmastir.
Yapilan siniflandirma sonucunda BT goéruntileri
%92,71 dogruluk orant ile simflandirimastir.
Siniflandirma  sonucunda elde edilen basan
kriterleri sonuclart Cizelge 1’de karmasiklik
matrisi ve ahci islem karakteristigi (AIK) egrisi
sirastyla Sekil 4 ve Sekil 5’te verilmistir.

Cizelge 1. SqueezeNet modeli ile akciger BT goruntiilerinin siniflandirma sonuglar

ESA Modeli Dogruluk Duyarhhk Ozgulliik Kesinlik F-Skor
SqueezeNet 92,71 79,82 96,18 91,02 82,47
Iyi Huylu 15 0 21
Kot Huylu 0 167 1
2
Normal 0 123
Iyi Huylu  Koéti Huylu  Normal

Sekil 4. SqueezeNet modeli ile akciger BT gorintulerinin stmiflandirma sonucu elde edilen karmasiklik

matrisi

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

345



InceptionResNetV2 ve Sin:f Aktivasyon Haritalar: ile Akciger Kanserinin Tespit Edilmesi

0.9

e
oo
T

o
~
T

e
[=2]
T

Dogru pozitif orani
=] =]
& n

0.3

0.2

0.1}

0.9799 A

0 Il 1 Il Il
0 0.1 0.2 0.3 0.4

L
0.5 0.6 0.7 0.8 0.9 1
Yanhs pozitif orani

Sekil 5. SqueezeNet modeli ile akciger BT goriintilerinin siniflandirma sonucu elde edilen AIK egrisi

Ikinci asamada CAM algoritmasi SquuezeNet ESA
modeli ile egitildikten SqueezeNet modeline gore
goruntinin ayart edici bolgeleri renklendirilmistir
ve ardindan renklendirilen bolgelere ait ozellikler
cikarilmigtir. Son olarak bu &zellikler DVM ile

siniflandiriimastar. Siniflandirma sonucunda
%95,44 dogruluk oranm elde edilmistir. DVM
algoritmas: ile elde edilen basar1 Kriterleri
Gizelge 2’de karmasikhik matrisi ve AIK egrisi ise
Sekil 6 ve Sekil 7°de verilmistir.

Cizelge 2. CAM algoritmasi 6zellikleri ile akciger BT goruntilerinin SVM siniflandirma sonuglari

Metod Dogruluk Duyarhhk Ozgiilluk Kesinlik F-Skor
DVM 95,44 91,00 97,61 93,85 92,24
Iyi Huylu 28 1 7
Kétii Huylu 1 164 3
2
Normal 1 122
Iyi Huylu  Koétii Huylu ~ Normal

Sekil 6. CAM algoritmasi 6zellikleri ile akciger BT goruntilerinin SVM siniflandirma sonucu elde edilen

karmasiklik matrisi
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Sekil 7. CAM algoritmasi 6zellikleri ile akciger BT goruntilerinin SVM siniflandirma sonucu elde edilen

AIK egrisi
4. TARTISMA

Sigara igmenin baslica bir faktorii olarak meydana
gelen akciger kanseri, kansere sebepli 6lumde ilk
siralarda yer almaktadir. Erken evrede hastalik
tespit edilip tedavi sureci basladigi takdirde bu
hastalik ile bas etme orani artmaktadir. Hastalk
stphesi ile klinige basvuruldugunda radyologlar
tarafindan cekilen akciger BT goruntllerinin
yorumlanmas: énem arz etmektedir. Bu ¢alismada
akciger BT goruntileri ile hastahgin yiksek
dogruluk oran: ile tespit edilebilmesi icin class
activation map SqueezeNet ESA modeli ile
egitilerek BT goriintulerinde ayirt ediciligi ylksek
olan bolgelerin tespit edilerek yapilmistir. Ancak
class activation map algoritmas: ile BT goruntileri
ile 6nemli bolgeleri renklendirildigi zaman bazi
gorintilerde bazi gorintiler incelendiginde ilgisiz
bolgelerin  renklendirildigi fark edilmistir. Bu
problemin ortadan kaldirilmas: icin belki farklh
ESA modelleri ile class activation map egitilerek
giderilebilir. Bu calismada kullanilan veri seti ile

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

yapilan ¢alismalarin 6nerilen model ile performans
sonuglarinin  karsilagtinlmas:  Cizelge  3’te
verilmistir.

Cizelge 3. Aynmi veri seti ile yapilan calismalarin
karsilastiriimasi

; Dogruluk
Yazar Yil | Yontem Oram (%)
\Ijeamdalla On isleme,
arkadaslar 2021 | segmentasyon, 89,88
Fit GLCM, DVM
[19]
G Ashwin On isleme,
ve bélge bazh
2021 | ozellikler, 85
arkadaglan E bl
[20] nsemble
siniflandiric
InceptionResNe
Bucahsma | 2022 | tY2: class 95,44
activation map,
DVM
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Hamdalla [19], etkili bir simflandirma islemi
gergeklestirmek icin BT gorintilerinin gurGltd
gidermek icin gauss filtresi uygulamiglardur.
Ardindan agik renkli olan pikseller beyaz renge
koyular ise siyah renge doénustiraldukten sonra
otsu  segmentasyon ile  bolitleme islemi
yapilmistir.  Bolgeye ait  &znitelikler  Gabor
filtreleme ve gri seviyeli es olusum matrisi ile
cikarilarak DVM ile siniflandirmistir.  Benzer
sekilde G Ashwin [20] ve digerleri de 6n isleme ve
segmentasyon  islemi icin aym  yontemi
kullanmigtir.  Ardindan lezyon bdlgesine ait
geometrik seklin cevresi, ortalama piksel yogunluk
degeri gibi el-yapimi 6zellikler ¢ikarildiktan sonra
en yiksek dogruluk orant ensemle yéntem ile elde
edilmistir. Calismalarda geleneksel ~modeller
yerine ESA modelleri gorintilere ait detayh
Ozellik 6grenme yeteneklerine sahip oldugundan
dolay: gorintuler egitildikten sonra konvolusyon
veya tam bagh katmana ait Oznitelikler ile
siniflandirma  yapilsayd: daha iyi performans
degerine ulasilabilirdi [21].

5. SONUC

Bu cahsmada akciger BT  goruntilerinin
stniflandiriimas: icin InceptionResNetV2 modeli
ile class activation map algoritmasiyla gortntilerin
ayirt edici bolgeler basarili bir sekilde tespit

edilmistir. Tespit edilen Ozniteliklerin
siniflandiriimast icin DVM algoritmas: kullanildi.
Dogrudan  InceptionResNetV2  modeli ile
gorintiler  %92,71  dogruluk  oram ile

siniflandirilirken class activation map ile dnemli
bélgelere ait Ozniteliklerin DVM ile
stniflandiriimas: sonucun %95,44 dogruluk oram
elde edilmistir.

Gelecekte farkli ESA modelleri ile class activation
map egitilerek genis 6znitelik elde edildikten sonra
siniflandirma iglemi yapilmas: planlanmaktadir.
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Abstract

In this study; licorice root, which is a sustainable natural material with a low environmental waste load, is
used as an alternative fire retardant (FR) material. Flammable retardancy properties of 100% cotton and
50% cotton-50% polyester blended woven fabrics were researched by using licorice root and commercial
organic phosphorus-nitrogen and phosphorus including compounds. Flame retardancy and thermal decay
behaviour of the cotton and cotton/polyester blended fabric samples were qualified by the vertical burning
test, limiting oxygen index (LOI), thermogravimetric analysis (TGA) and scanning electron microscope
(SEM). The findings revealed that licorice root extracts enhanced the thermal behavior of the cotton and
cotton/polyester blended fabrics after padding and coating processes. The practices increased the amount
of oxygen demand for combustion in the environment and besides they did not change the morphological
properties of the fabric samples. As a result, the usage of licorice root extracts considerably improved the
fabric’s flammability under test.

Keywords: Licorice root, Burning test, LOI, SEM, TGA

Meyan Kokii Ekstraktinin Pamuk ve Pamuk-Poliester Karisimh Kumaslarda Gii¢
Tutusurluga Etkisinin Incelenmesi

Oz

Bu calismada; ¢evre atik yiikii diisiik ve siirdiiriilebilir dogal malzeme olan meyan kokii alternatif FR
materyali olarak kullanilmistir. %100 pamuklu ve %50 CO/%50 PES karisim dokuma kumaglarin alev
geciktirici 6zellikleri meyan kokii ve ticari organik fosfor-nitrojen ve fosfor igeren bilesikler kullanilarak
iyilestirilmistir. Pamuk ve pamuk/poliester karisim kumas numunelerinin termal bozunma davranisi dikey
yanma testi, limit oksijen indeksi (LOI) ve termogravimetrik analizi (TGA) ile karakterize edilmistir.
Ham ve uygulanmis kumasin yiizey morfolojisi taramali elektron mikroskobu (SEM) kullanilarak

*Corresponding author (Sorumlu yazar): Aslihan KORUYUCU, adelituna@nku.edu.tr
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incelenmigtir. Sonug olarak; meyan kokiinden elde edilen ckstraktlarla yapilan emdirme ve kaplama
islemlerinin pamuk ve pamuk/poliester karigimli kumaslarin termal dayanim o&zelliklerinde iyilesme
saglamigtir. Kumaglarin alev almasi i¢in ortamda bulunmasi gereken oksijen miktarinda olumlu yénde
artig sagladigi, kumas morfolojisinde olumsuz herhangi bir etkiye sebep olmadig tespit edilmistir. Sonug
olarak, meyan kokii ekstraktlarinin kullanilmas: kumasin alev alabilirliginin 6nemli &lgiide artmasina

neden olmustur.

Anahtar Kelimeler: Meyan kokii, Yanma testi, LOI, SEM, TGA

1. INTRODUCTION

Textile is widely applied to clothing, knitwear and
home textiles because of outstanding softness and
breathability. However, due to its greatly
flammability, it was essential and crucial to impart
the flame retardancy to fabrics [1].

There are many factors that influence the
flammability of textiles. These factors include
composition of the fibers, the presence of certain
finishes, the geometry or position of the material,
the temperature and the existence of oxygen, the
extent of heat and material modification and the
existence or absence of flame retardants. Various
fibres react differently to a flame exposure [2].

To guarantee human safety, textiles can be treated
with different flame (fire) retardants (FR). These
are chemicals that reduce the flammability of the
material to which they are applied [3]. Fire-
retardant materials do not burn; however, these
materials show certain physical and chemical
modifications after the removal of a flame source

(3]

Flame retardants including phosphorus (P),
nitrogen (N) and silicone (Si) elements appeal to
lots of attention, because of their perfect flame
resistance and insignificant influence on the
natural properties of materials [5-7]. Licorice
includes mineral salts (such as calcium,
phosphorus, sodium, potassium, iron, magnesium,
selenium, manganese, zinc, copper and silicone)
[4]. By adding the suitable fire-retardant elements,
phosphorus and silicone, the resulting coating can
supply the emphasising material with good flame
properties. Phosphorus and silicone elements have
been brought out because of their perfect

352

carbonization and flame retardancy [8].
Phosphorus-including compounds are emphasized
to be among the most influence exerting flame
retardants, as illustrated in many current studies
[9-11]. This kind of FRs is qualified by their great
influence grade of flame retardancy. They can alter
the chemical reactions of decay; they produce a
surface layer of protective char during fire before
the unburned structure materials begin to
decompose [12-14]. Silicone-including compounds
are emphasized to be one of the “environmentally
friendly” flame retardant materials. In spite of the
fact that some certain studies have proved, they
themselves do not have enough flame retardant
properties to fulfill practice necessities, when they
are used in addition to phosphorus-including flame
retardant, there is certain synergistic influence
between them [15,16].

Flame retardancy (FR) specification is desirable in
various conventional textile applications such as
home textiles, apparel as well as technical textile
practices in order to protect consumers from
unsafe textile materials. Flame-retardant coatings
can be applied in many fields, such as building
construction,  electrical ~ practices,  textiles,
electronics and transportation [17,18]. Being the
most used fibers in these practices, cotton (CO)
and polyester (PET or PES) are greatly flammable
and they burn easily. The physical and chemical
properties of cotton and polyester contrast greatly;
cotton is hydrophilic, while polyester is
hydrophobic. Reagents repelled by polyester are
absorbed by cotton [1,19] .

Cotton is one of the perfect natural materials that
has been widely used in many fields, particularly
in textile industry such as carpets, curtains, and
clothing [20,21]. Cotton fabrics have good
hydrophilicity, softness, and hygroscopicity. Since
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it is greatly flammable, the flame-retardant cotton
textiles have accepted significant attention from
both industry and academia [22-25].

Conventional flame-retardant cotton textiles are
mostly produced by the flame-retardant agents
including halogens and phosphorus. However, the
burning of the halogen flame-retardant generates a
large amount of toxic gas, which leads to
secondary pollution. Phosphorus flame-retardant
has a inadequate surface treatment on the textile
substrates due to the deficiency of suitable anchor
groups for the fixation on the fiber surface [26].

Phosphorus and/or halogen compounds are among
the fire retardants that confer good protection to
polyester. Phosphorus compounds are produced
for use with both cotton and polyester fibres [27].
These compounds act mainly in the solid phase
and during heating. They generate phosphoric acid,
which in turn reacts with the substrate to become a
char producing a carbon layer [28,29]. By
producing a carbon layer, these compounds
prevent supply of oxygen and flammable gases
which makes enhancement of flames difficult [30].

2. REVIEW OF LITERATURE

The naturally flammable materials with padding
method to polyester fabric a flame retardant
feature were reviewed by Omerogullari et. al. [30].
It was emphasized that a flammable substance is a
naturally flammable substance depending on
CaCO; made from limestone. There was a 39.5%
increase in LOI (Limiting Oxygene Index) values
and it was noticed that polyester fabric burned
without dripping and melting during the burning
test. Comparison was made with phosphonate
based flame retardant material, which is frequently
used for the production of flame retardant
polyester fabric and it was detected to burn five
times longer than the fabric treated with this
substance [30].

The chitosan phosphate as a new way to generate
environmentally friendly flammable cotton textiles
were analyzed by El-Tahlawy et. al.[31]. It was
underlined that chitosan amino groups became
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more reactive than cellulose hydroxyls, citrate salt
facilitated the phosphorylation reaction. It was
noticed that chitosan concentration from 0% to 2%
increased cotton fabric’s flame retardancy.
Increasing the amount of chitosan limited
influence on thermal decay of the fabric has been
achieved by increasing the chitosan concentration
mostly 2% [31].

The herbal extracts were tried as a new way to
generate environmentally friendly flammable
cotton fabric; with the use of spinach leaf juice,
which is an environmentally friendly natural
product. Cellulosic fabrics that have a flame
retardant feature were examined by Basak et. al.
[32]. Spinach juice (SJ) was made alkaline and
bleached, and then practiced to mercerized cotton
fabric. LOI values of untreated control fabric and
treated fabric were measured. The study proved
that the treated fabrics had better flame retardancy
properties than the control fabric. It was noticed
that the LOI value increased 1.6 times after the SJ
practice. It was also noticed that there was not
much loss in LOI values after washing fastness
[32].

The fulfillment of aqueous casein suspensions on
flame retardancy by coating rotational pressures at
different pH and concentrations on cotton fabrics
were examined by Faheem et. al. [33]. As a result,
in both alkaline and acidic environments, flame
resistance increased with increasing casein
concentrations. In terms of thermooxidative
properties, the suspension, which is in an acidic
environment, was notified to be in a better
condition than the suspension in an alkaline
environment. Better fulfillment was acquired from
the suspension in acidic environment with the help
of ammonia release easier than protonated casein.

Thermally stable and hygienic cotton fabric with
the material acquired through the extraction of
coconut shell were analyzed by Teli and Pandit
[34]. In this study, cocos nucifera linn was
practiced to cotton fabrics by padding in acidic,
neutral and alkaline environments. Flammability
properties were analyzed by LOI measurement and
vertical combustion tests. All treated fabrics
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proved better flame resistance compared to
untreated fabrics, and it was noticed that the
practice in alkaline environment increased the LOI
value by 72.2% or more.

The zinc borate (ZnB) was effectively used as a
flame retardant for polyester and the results were
analyzed by Ureyen et. al. [35]. In this study, zinc
borate was used as a flame retardant, a smoke
suppressant and an antitracking agent in several
practices. In this work, the influence of ZnB on the
flame retardancy of PET (poly (ethylene
terephthalate) woven fabrics was analyzed. ZnB
dispersion was mixed with low-produce aldehyde
melamine resin based cross-linking agent and it
was practiced to PET fabrics by pad-dry-cure
method.

The purpose of current study is the production of
licorice root extract macromolecules to be used as
flame retardancy products that are harmless to the
environment and also ecological. Therefore, in this
study, naturally flammable macromolecules were
practiced to 100% cotton and 50% cotton-50%
polyester fabrics by using padding and coating
methods.

Unlike the studies reported in the literature,
licorice root was practiced to the cotton and
cotton/polyester fabrics by using padding and
coating methods. The thermal stability of samples
was analyzed by TGA analysis with a heating rate
of 20C/min and the temperature range was
differentiated from 32°C to 900°C under the
atmosphere of air. SEM was employed to study the
surface morphology of the padding and coating
samples. Being a measure that enables an obvious
assessment of flame protection properties is the
limiting oxygen index (LOI) was calculated. The
results were presented, evaluated and discussed.

3. MATERIALS AND METHODS

In this study, licorice roots to be extracted were
supplied by considering the same batch and lot
number. In the extraction process, 99% purity
isopropyl alcohol was used as the solvent.
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100% cotton and 50%-50% cotton/polyester
fabrics were used in this study. The cotton and
cotton/polyester fabrics had a plain weave, unit
weight of 110.3 g/m?, and had both weft and warp
threads of 30/1 Ne. The structures and finishing
process of the fabrics that will be subjected to
padding and coating using extraction process. The
flame retardant agents; Ruco-Flam NMT (organic
phosphorus-nitrogen compounds), EOC FRD 41
BO (phosphorus compounds) are commercial
flame retardant chemicals, and they were supplied
by Rudolf-Duraner and EOC Group Company for
the coating processes.

3.1. Method

Licorice roots with the same batch and lot number
were supplied for extraction studies. Foreign
products and chemical drugs on licorice roots were
removed by pre-washing with distilled water. After
pre-washing, the licorice root (10 g) was mixed
with 300 mL distilled water. Licorice roots were
kept in the oven at 75°C for 24 hours after pre-
washing and later dried. The materials were
mechanically divided into small pieces by hand
mixer after drying. Figure 1 shows the mechanical
disintegration of licorice.

P

Figure 1. Mechanical disintegration of licorice

Three different analytical extraction methods can
be used for licorice root extraction which were
acid precipitation, alcohol and ammonia extraction
[10]. In this study, isopropyl alcohol extraction
method was used. Mechanically disintegrated
materials were added separately into isopropyl
alcohol with a purity of 99% according to the
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recipe given in Table 1. Isopropyl alcohol-licorice
root solutions were mixed with a mechanical
stirrrer at 900 rpm for 48 hours without contact
with air.

Table 1. Extraction solution recipe

Used Isopropy! alcohol
materials (solvent) amount
Licorice root 5kg 20 liter

Amount

After mixing, the solutions were filtered once with
Macherey-Nagel MN-GF-3 filter papers. The
filtration process of isopropyl alcohol-licorice root
solutions with filter paper was presented in Figure 2.

Figure 2. Filtration of isopropyl alcohol-licorice
root solutions with filter paper

After filtration, the solutions were heated up to
85T to complete the extraction and to remove
isopropyl alcohol. Extraction precipitate was
obtained at the end of the evaporation progress.
The acquired extraction precipitate was presented
in Figure 3.

Figure 3. Extraction precipitate
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The elemental composition of biomolecules
obtained as a result of extraction of licorice were
measured in  Shimadzu EDX-8000 x-ray
fluorescent spectrometer. Elemental analysis was
performed by taking 30 g from the extraction
sample. Elemental analysis of 1.5 mg Si and
0.6 mg P was acquired in 30 g of licorice root
extract. Flame retardants containing phosphorus (P),
nitrogen (N) and silicone (Si) elements attract plenty
of attention, due to for their excellent flame
resistance and slight influence on the natural
properties of materials [36-38]. Certain researchers
notified that the compound which consisted of P,
N and Si elements could supply the polymer with
better flame retardant specification [39]. Two
flame retardant chemicals were used in pad-dry-
cure system (Prowhite, horizontal padder and Atag
EV 250 oven) in order to optimize the amounts
and to determine the influences of chemical agents
on the functionalities of the textile structures.

100% cotton and 50%-50% cotton-polyester
fabrics were padded with acrylate copolymer
binders containing finishing bath using a
laboratory padding and a coating machine. A wet
pick-up ratio of 85% was used. After applying
auxiliary chemicals in padding bath with a wet
pick-up ratio of 85%. After padding and coating,
the all samples were dried at 100 C for 2 min and
cured at 150 C for 2 min.

The prepared recipes were given in Table 2.
According to the recipes in Table 2, the
preparation of licorice root solutions for the
coating method could be between 1% and 5% [40].

According to the recipes in Table 2, the
preparation of licorice root solutions for the
padding method could be between 2.5% and 10%
[41].

Table 2. The recipes applied to the samples

Component Quantity (g/kg)
Licorice root extract 12g
Citric acid monohydrate 06g
Disodium hydrogen
phosphate 069
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Acetic acid (pH adjuster)

Pure water 250 ml

pH 4
Component Quantity (g/kg)
Ruco-Flam NMT 12¢g
Citric acid monohydrate 064¢g
"
Acetic acid (pH adjuster)

Pure water 250 ml

pH 4
Component Quantity (g/kg)
Licorice root extract 1509

Hard binder 200g

Soft binder(acrylic binder) 100g
Crosslinker 15¢g
Thickener 20g

Pure water 515¢g
Component Quantity (g/kg)
ECO RFD 41 BO 1509
Hard binder 200 ¢

Soft binder (arcylic binder) 100 g
Crosslinker 159
Thickener 20g

Pure water 515¢g

3.2. Determination of Flame Retardancy of

Treated Fabrics

Surface morphology of the treated 100% cotton
and 50%-50% cotton-polyester were tested by Fei
Quanta Feg 250 scanning electron microscope
(SEM).

The thermogravimetry evaluates the gradual mass
loss of a specimen with regard to time at an
amount of heating rate. It also signifies the
influence of any flame retardant chemical on the
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pyrolysis of the polymer substrate [42]. The TGA
of the polymers and licorice root extracts were
performed by using Thermal Analyzer (TGA-
Perkin Elmer Diamond). Tested samples for
padding and coating were in 12 wt % and 150 wt
%, respectively. The specimens were placed in
platinium crucibles and subjected to a temperature
ranging from 32 C to 900T in N, gas with a
heating rate of 20 ‘C/min.

Flammability properties of the untreated and
treated specimens were analyzed in vertical
flammability. The vertical burning test was
accomplished in the burning chamber according to
the DIN 53906 standard. For LOI analysis, ASTM
D2863 test method was used [43]. For each
measurement, padded and coated cotton and
cotton/polyester blend fabric samples were cut into
strips of 52x140 mm.

4. RESULTS AND DISCUSSION
4.1. SEM Analysis

The changes in fiber geometry as a result of
padding and coating application of films were
qualified as magnification of 4000, shown in
Figures 4, 5, 6 and 7, respectively. SEM was
discussed to analyze the morphology of the
untreated and treated fabrics. It was observed that
the surface of the original fabric was smooth, as
shown in Figures 4, 5, 6, 7(a). After further
treatment with licorice root extract, circular
substances emerged on the surface of the cotton
and cotton/polyester fibers, which may be due to
the attachment of the flame retardant; Figures 4, 5,
6, 7 (c). This is particularly noticed with different
amounts of licorice root extract, 12 and 150 wt %,
in Figures 4, 5, 6 ,7 (c), respectively. According to
result in all SEM (c) images, surfaces of fabrics
had certain impurities that could result from
licorice root extracts. The existence of the char
residues supported that the cellulose phosphate
ester process via the reaction of hydroxyl groups of
cellulose with phosphoric acid. The existence
inorganic residues remained decay of flame
retardant additives on fiber surfaces.
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Figure 4. SEM images of unpadded cotton (a), padded with 12 g licorice root (c), padded with
commercial flammable chemical (d)

Figure 5. SEM images of unpadded Cotton/Polyester blend (a), padded with 12 g licorice root
(c), padded with commercial flammable (d)
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Figure 6. SEM images of uncoated cotton (a), coated with150 g licorice root (c), coated with commercial
flammable chemical (d)

Figure 7. SEM images of uncoated Cotton/Polyester blend (a), coated with 150 g licorice root (c), coated
with commercial flammable chemical (d)
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Padding and coating processes with licorice root
extract did not cause a serious change in the
geometry of the 100% cotton and 50% cotton/50%
polyester blended fibers. The interaction of licorice
root extract with fiber was investigated by SEM. In
SEM images; it was observed that the extraction
products and commercial flame retardant
chemicals were collected on the surface of the
fibers.

4.2. Thermogravimetric Analysis (TGA)

Figures 8-11 show the TGA plots performed in N,
and O, atmospheres of the cotton (A) and 50%
cotton/50% polyester (B) woven fabrics at a
heating rate of 20 °C/min.

The TGA arches of A and B specimens confirmed
two levels of advancement. In the initial level at
temperature over 300 T, the little mass loss
occurred mainly due to the elimination of bound
and unbound absorbed humidity from the cellulose
polymer [42].

Weight (%)

Temperature(C)

Figure 8. TGA arches of 100% cotton fabric
(padding method) a-untreated [A]
b-12 g. licorice root extract [Al] c-12 g.
commercial flammable chemical [A2]

The TGA arch A, shows the beginning of decay at
temperatures between 380 C and 880, relying on
the atmosphere (N, or O,). The decay of cotton in
N is tracked by a second loss of mass that could
be attributed to char pyrolysis up to 880 C with a
14% of mass loss, outstanding to a final residue at
8807TC of 0%. An alike current in mass loss, decay
was also noticed at the only untreated specimen.
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From the TGA arch A, it was noticed that for the
untreated sample, there was the single mass loss
step at 380 C and it completely degrades at
880 C.

From the TGA arch A2, it was noticed that for the
commercial ~ flammable  chemical  (organic
phosphorus-nitrogen compounds) specimen was
acquired with decay peak at 385C and with a mass
loss of 31.239%. The final residue at 885C was
11.238%.

Moreover, the TGA curve (A2) proved the lower
decay temperature and the higher char residues of
18% at 700 C, due to the mechanism of
phosphorous-and triazine-including constituents
and the synergistic influence of P and N elements
[44].

=
as ==l
|

Weight (%6)
>

Temperature( C)

Figure 9. TGA arches of 100% cotton fabric
(coating method)a-untreated [A] b-
150 g. licorice root extract [A3] c-150 g.
commercial flammable chemical [A4]

The TGA curve (Figure 9) (A3) shows the decay
process of the licorice root extract treated fabrics.
The mass loss step attributed to the decay of cotton
until 410°C (N;) with a mass loss of 22%. The final
residue at 886 °C was 9.633%.

Figure 9(A4) shows that the decay process of the
commercial flammable chemical treated fabrics.
The first mass loss step attributed to the decay of
cotton until 380°C (in N,) with a mass loss of
27.873%. The decay of cotton in N, is tracked by a
second loss of mass to 420C with a 19.412% of
mass loss, outstanding to a final residue at
continued up to 884 C. The final residue at 884 °C
was 5.64%.
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The practice of a flame retardant depend on
licorice root extract just influences the thermal
behaviour of the cotton woven fabric by increasing
the beginning temperature of decay in N,. Figure
8(A1) shows that the cotton fabric treated licorice
root extract started to lose weight at 383.77 C.
The TGA curve shows that the rate of weight loss
arrived its peak at 410 C. About 14.933% of the
mass was lost by this point. The final residue at
885 T was 6.449%.

Weight (%)

Temperature(T)
Figure 10. TGA arches of 50% CO/50% PES
blended fabric (padding method)
a-untreated [B] b-12 g.licorice root
extract [B1l] c-12 g. commercial
flammable chemical[B2]

The TGA(B) (Figure 10) shows the beginning
temperature of decay between 405 C and 500 C
relying on the atmosphere (N,). The TGA specifies
the first mass loss step attributed to the decay of
50% CO/50% PES at 405 C (48.5%) and 500°C
(14%) and the final residue at 884 C was 6.562%.

The TGA(B1) analysis revealed that licorice root
extract was mostly decomposed in the temperature
range of 410°C-500°C with two peaks and a
maximum mass loss rate temperature of 410 C.

Figure 10 (B1) shows the decay process of the
extract fabrics treated with licorice root. The first
mass loss step attributed to the decay of cotton
until 410°C (in N,) with a mass loss of 51.981%.
The decay of cotton in N, is tracked by second loss
of mass to 500C with a 14.908% of mass loss,
leading to a final residue at continued up to 884 C.
The final residue at 884 C of 7.256%.
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From the TGA arch (B2), it was noticed that the
commercially flammable chemical specimen had
two decays at 380 C and 443.37 C. The first mass
loss step was attributed to the decay at 380 C with
a 61.29% of mass loss, and the second loss of mass
to 443.37 T with 21.932%. The final residue at
884 C was 12%.

The decay of cotton/polyester in N, is tracked by a
second loss of mass to 510 T with a 18% of mass
loss, leading to a final residue at continued up to
884 C. The final residue at 884 C was 8.737%.

From the TGA arch (B4), it was noticed that the
commercial flammable chemical specimen had
two decays at 380 C and 490 C. The first mass loss
step was attributed to the decay at 380 C with a
61.93% of mass loss, and the second loss of mass
to 490°C with a 18%. The final residue at 884 °C
was 11.939%.

Weight (%)

Temperature(C)

Figure 11. TGA arches of 50% CO/50% PES
blended fabric (coating method) a-
untreated [B] b-150g.licorice root
extract [B3] c- 150g. commercial
flammable chemical [B4]

Figure 11 shows the TGA plots(B3) performed in
N, atmospheres of the 50% CO/50% PES samples.
As temperature increases obvious endotherms
were observed at 400 C being mostly attributed to
cotton/polyester. The first stage of decay is shown
by a weight loss at about 400C (54.457%),
probably due to partial decay of the polyester
structure. The char amount is related to the grade
of flame retardance [31]. 403 C-450C is the single
step decay value of cotton/polyester samples,
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which show maximum weight loss interval at
decay steps [45].

The decay of cotton/polyester in N, is tracked by a
second loss of mass to 510°C with a 18% of mass
loss, leading to a final residue at continued up to
884 C.

From the TGA arch (B4), it was noticed that the
commercial flammable chemical specimen had
two decays at 380°C and 490°C. The first mass
loss step was attributed to the decay at 380 C with
a 61.93% of mass loss, and the second loss of mass
to 490C with a 18%. The final residue at 884 C
was 11.939%.

The fabric with the most remaining mass for
padding practice in cotton fabrics was acquired at
the commercial flammable chemical application.
In the coating method, licorice root extract was
applied to the fabric. In cotton-polyester blended
fabrics, the remaining mass for licorice root was
the highest in the padding method, and the
commercial flammable chemical proved the best
influence in the coating method.

In this study, percent mass losses occured after the
combustion test. In cotton fabric, mass loss

decreases after padding with licorice root
extraction. This is due to the presence of
phosphorus in a small amount flammable

retardant. It increases its effectiveness.

4.3. Vertical Burning Test

The vertical burning tests were given in Figures
12, 13 and in Table 3.

Figure 12. Samples of the untreé?ed, padded and
coated fabrics treated with licorice
root after the vertical burning test: CO
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Figure 13. Samples of the untreated, padded and
coated fabrics treated with licorice
root after the vertical burning test:
CO/PES

Table 3. Flame retardant fulfillment of the cotton
and CO/PES samples

Fabric Code Char Length(cm)
COA -
CO Al 4
CO A2 5.8
CO A3 7.2
CO A4 12.5

CO/PES B -

CO/PES B1 4.4

CO/PES B2 4.9

CO/PES B3 6.8

CO/PES B4 10.3

During the tests, the untreated fabric burned up,
while the padded and coated cotton and CO/PES
samples were burned locally, at which the flame
contacted. Compared to sample A3 and B3, sample
Al and B1 had shorter char lengths. As a result, all
licorice root concentration gave adequate flame
retardant influence. There is no linear relation
between the increase in concentration and the
flame retardant influence.

The char lengths are shorter for A1 and B1 when
compared to A3 and B3, although the licorice
amount was lower. This was because the amounts
of phosphorus in A3 and B3 were higher.
Phosphorus element increases the flame retardant
effectiveness. Structure and characterization of
char depend on N,P and Si compound.

The flame retardant pyrolysis mechanism of
cellulose fiber is differ to change the amount of
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flammable gases formed in a way that will
decrease and increase that of non-flammable
pyrolysis  products, but exhibits  lower
decomposition temperatures. But flame retardant
treatment lead to higher char yield compared to
untreated cotton fabric [46]. Phosphorous based
FR imparts flame retardancy to cellulose fiber by it
speculiar ~ mechanism [47]. Phosphorous
compounds decompose to phosphoric acid, which
catalyzes the cellulose dehydration reaction, and
prevents flame retardant [46]. Phosphorus-based
flame retardants have become the main focus as
their decomposition products are less toxic and are
considered ecological FR [47]. The combination of
phosphorus and nitrogen has an excellent
synergistic effect and high flame retardant
efficiency.

By adding the appropriate fire retardant elements,
as phosphorus and silicone (in licorice root), the
resulting coating can provide the underlying
material with good flame properties. Phosphorus
and silicone elements have been developed
because of their excellent carbonization and flame
retardancy [48]. Phosphorus-containing compounds
(in CO/PES blend fabrics) are qualified as among
the most effective flame retardants, as indicated in
many recent studies [49-51]. This kind of FRs is
characterized by a highly efficient degree of flame
retardancy. They can change the chemical
reactions of decomposition; i.e, they form a
surface layer of protective char during fire before
the unburned structure materials begin to
decompose [52-54].

Silicone-containing compounds are qualified as
one of the “environmentally friendly” flame
retardant materials. Although some studies proved
that they themselves do not have sufficient flame
retardant  properties to meet application
requirements; when they are used in addition to
phosphorus-containing flame retardant, there is
some synergistic effect between them [55,56].

4.4.LOI Test

The LOI, a measure of the flammability of a
specimen, is specified as the minimum amount of
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oxygen in the oxygen/nitrogen mixture obliged to
support the combustion.

As specified mostly, cotton is pure cellulosic in
nature, catches flame rapidly describing an LOI
value of 17.7%. The LOI value increased
considerably after the application of licorice root
and commercial flame retardant chemical to cotton
and CO/PES blended fabrics by padding and
coating method.

According to the results of the burning tests, the
samples’ flame-retardant performances exhibited
no considerable differences; therefore, only two
samples padded and coated by using 12g/250g and
150g9/1000g flammable chemical concentration
were subjected to LOI tests, respectively. The LOI
values of untreated, padded and coated cotton and
CO/PES fabrics were given in Table 4.

Table 4. LOI values of untreated, padded and
coated cotton and CO/PES fabrics

Fabric Code LOI value (%)
A 17.7
Al 18.5
A2 18.7
A3 20.6
A4 214
B 17.5
Bl 19.3
B2 19.6
B3 20.5
B4 22.5

It can be seen that LOI values of the coated
samples were much higher than those of the
padded sample.

LOI values of the treated licorice root sample
A3(coated) and Al(padded) fabrics were 19.6%
and 18.5%, respectively. The best LOI results for
cotton fabrics in the coating method were acquired
as commercially flammable chemical (A4)>licorice
root extract (A3). With the increase of licorice root
and commercial flammable concentration in the
coating paste, the LOI value did not change very
much. As a result, the coating process provide
adequate flame-retardant effect to cotton fabrics
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even at 150¢g of natural and commercial flammable
concentration.

It can be seen that LOI values of the commercial
flammable chemical treated CO/PES samples were
much higher than those of licorice root treated
samples.

Phosphorous compounds (in CO/PES samples)
influence the reactions taking place in the
condensed (solid) phase. The flame retardant
chemical is converted to phosphoric acid by
thermal decay which extracts water from the
pyrolysing polymer causing it to char (to produce a
carbonaceous protective layer)[57].This process
allows the decomposition of the polymer and
reduces the amount and type of fuel precursor of
volatiles. The presence of phosphorus in the
formulation increase the fire resistance, LOI value
and cause char formation.

This is evidently a positive influence in licorice
root because a small amount of P-additive (0.6 %
mg P) is enough to enhance the flame-retardant.

Also, when LOI results were taken into account, it
seems like commercial compound addition is more
effective in terms of flammable. Because the
commercial compounds have more amounts of
phosphorus in their formulations, they enhance the
fire resistance and thus increase the LOI value.

5. CONCLUSIONS

In this study, the flame-retardant properties of
100% cotton and 50% cotton/50% polyester
fabrics were researched by using ecological
(licorice root) and commercial flame retardants by
padding and coating methods. The padded and
coated samples were subjected to the burning test
besides SEM, TGA analyses and LOI tests. The
dehydration and the char products formation in the
presence of licorice root extracts and commercial
flammable chemicals that were applied on cotton
and cotton/polyester fabrics have been revealed in
the TGA curves. After application, the tests proved
that the coating treatment with licorice root on
cotton and on cotton/polyester fabrics had partially
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considerable and adequate flame retardant effect.
This result is related to the amount of P and Si
elements in the structure of the licorice root.
According to the limit oxygen index analysis,
padding and coating processes had a positive
influence on flammability. In other words, ignition
and burning did not continue after the flame
contact. Surface morphology of fiber char can give
useful information about FR efficiency of
especially licorice root and organic phosphorous-
nitrogen based FRs. Thermal properties of
untreated and treated samples can be researched to
see effect of FR treatment and decomposition
temperature and char amount.

Phosphorus (which was applied to CO/PES) is a
thermodynamically stable high-polymer and is the
most effective flame retardant when included in. It
also partially reacts with certain polymers and
enhances char formation.
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Oz

Sayisal Yukseklik Modeli (SYM) verisi bircok miuhendislik disiplini icin arazi yikseklik bilgileri
icermesinden dolay1 oldukga 6nemlidir. Uzaktan algilamada mikrodalga goruntiler yardim: ile SYM
uretiminde, stereoskopik ve interferometrik yontemler kullaniimaktadir. Mikrodalga gérintlerin bu alanda
kullamlmasindaki en blyik etken ise gece-giindiiz alim yapabilmeleri ve kar, yagmur gibi hava kosulundan
etkilenmemeleridir. Mikrodalga algilayici sistemler, yoriinge etrafinda alcalan veya yikselen yénde hareket
ederek algilama yaparlar. Bu caligmada TerraSAR-X verileri ile Erciyes Dagi’nda segilen bir pilot bolgede
SYM diretimi gergeklestirilmistir. Aym zamanda SAR gorintilerinin uyumluluk verileri kullanilarak iki
yoriingeye ait veriler flizyon edilmistir. Alcalan, yukselen yoriinge ve fuzyon gorintiler icin ayr ayrn
uretilen SYM’ler arazi 6lgmelerinden elde edilen yikseklik bilgileri ile karsilastirnlmistir. Karsilagtirma
islemlerinde istatistiksel analizler uygulanmustir. Istatistiksel analizler sonucunda sirasiyla yiikselen yoriinge,

alcalan ydriinge ve flizyon korelasyon katsayisi degerleri 0.892, 0.894 ve 0.934 bulunmustur. Elde edilen
sonuclar incelendiginde, kullanilan fiizyon yonteminin sonugclar: pozitif yonde iyilestirdigi gorilmastur.

Anahtar Kelimeler: Yikselen/algalan gegis, INSAR, SYM, TerraSAR-X

Accuracy Comparison of Digital Elevation Models Produced from Ascending and
Descending Orbits TerraSAR-X Data

Abstract

Digital Elevation Model (DEM) data have become indispensable for many engineering disciplines
because it contains terrain elevation information. Stereoscopic and interferometric methods are used in
the production of DEMs with the help of microwave images in remote sensing. The most important factor
in the use of microwave images in this area is that they can acquire by day or night or not affected by
weather conditions such as snow and rain. Microwave satellite systems can sense by moving on
descending or ascending directions around the orbit. In this study, DEM production was carried out in a
selected pilot region in Erciyes Mountain with TerraSAR-X data. Also, the data of the two orbits were
fused using the coherence data of the SAR images. DEMs produced separately for descending, ascending
orbit and fusion images were compared with the elevation information obtained from in-situ
measurements. As a result of statistical analysis, the correlation coefficients of ascending orbit,
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descending orbit and fusion were found 0.892, 0.894 and 0.934, respectively. When the results obtained
were carried out, it was seen that the fusion method improved the results statistically.

Keywords:
1. GIRIS

Sayisal Yikseklik Modeli (SYM-DEM), yerylzi
topografyasinin yukseklik bilgilerini ve
karakteristik 6zelliklerini 3 boyutlu sayisal halde
sunun bir veri kimesidir [1]. Model, ilk olarak
[2]’nin “arazi modeli” kavramindan yola ¢ikarak
bu ginki tanimlar: ile kullanilmaktadir. SYM’ler,
guntmuzde bircok yerbilimleri disiplini tarafindan
analitik bir althk olarak kullaniimaktadir. Uydu
sistemlerinin  hizla gelismesi ve kullanima
sunulmas: SYM verilerinin dretilmesi icin dnemli
kaynaklar olusturmustur [3]. Gliniimizde, optik ve
mikrodalga goruntiler yardimyla SYM’ler elde
edilebilmektedir.  Mikrodalga (radar)  uydu
gorintileri ile SYM Uretimi, stereoskopik ve
interferometrik olmak (zere iki farkhh sekilde
yapilabilmektedir [4]. Stereoskopik ydntemde
belirli bir oranda bindirmeli olarak kullanilan radar
goruntileri araciligiyla arazi yiizeyine ait 3 boyutlu
veriler elde edilmektedir. Bu yontemdeki en
Onemli adim, iki goruntudeki eslenik noktalarin
bulunarak gorunti eslestirmesinin  yapilmasidir
[5-7].

RAdio Detecting And Ranging teriminin
kisaltmas: olarak bilinen RADAR, yerylziine
mikrodalga 1sinimlar génderir ve ddénen sinyalleri
kaydeder [8]. Sistemi optik sistemlerden ayiran en
Onemli ozelligi ise gece-glindiiz ve her tirli hava
kosulunda algilama kapasitesine sahip olmasidir.
RADAR sistemleri diinya Uzerinde Kuzey-Glney
veya Guney-Kuzey yoringeler boyunca gorint
alimi  yapabilmektedir. Bir RADAR uydusu
Guneyden Kuzeye dogru bir yoringe takip
ediyorsa yikselen, tam tersi bir hareket s6z konusu
ise alcalan yoriingeye sahip olarak
adlandiriimaktadir. Sistem, anten agikliklarina gore
Gergek Aciklikli  Radar-Real Aperture Radar
(RAR) ve Yapay Aciklikli Radar - Synthetic
Aperture Radar (SAR) olmak Uzere ikiye
ayrilmistir.  SAR sistemleri RAR sistemlerinin
anten  boyundan kaynaklanan kisitlamalarin
ortadan kaldirilmasi icin gelistirilmistir.
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Radar interferometrisi teknigi ile gelistirilen Yapay
Aciklikli Radar Interferometrisi (INSAR), yaklasik
olarak ayn: noktadan farkli zaman dilimlerinde
elde edilmis iki SAR gorintlstndeki piksellerin
faz farklarinin bulunmas: esasina dayanmaktadir
[9-11]. 1970’lerden ginimize farkli alanlarda
kullanilan bu yontem, [12] tarafindan ilk olarak
ayin topografyasinin ¢ikarilmasinda kullaniimastir.
Daha sonralari [13]’un yeryizi topografyasinin
cikarilmas: (zerinde calismis ve [14]’in ucaga
monte edilmis iki antenli sistem ile caligmalar
yapmistir. InNSAR  teknigi gunimuzde farkh
calismalar igin siklikla kullanilmaktadir [9,15-18].

Uzaktan algilanmis verilerde meydana gelen
hatalarin bazilari elimine edilebilse bile bazilar
kacimlmazdir. Bu verilerden dretilen SYM’ler de,
icerisinde farkli nedenlerden kaynaklanan hatalar
barindirmaktadir. Ozellikle SYM verilerinde veri
toplama ydntemine bagh olarak bu hatalar
cesitlilik gostermektedir. SYM (retimi, yersel
Olgmeler ile yapiliyorsa o6lgme ekipmanlarinin
hassasiyetine, optik uydu gorintuleri ile
yapiliyorsa, uydunun yersel, zamansal ve spektral
cozanarligline, mikrodalga algilayicilar ile
yapiliyorsa uydu gelis acisi, arazi egimi veya

bakist gibi etmenlere bagl hatalar
barindirmaktadir  [19,20]. Bilim insanlari bu
hatalarr en aza indirmek veya ortadan

kaldirabilmek icin bircok arastirma yapmis ve
yapmaya devam etmektedir [1,4,8,15]. Hatalar1 en
aza indirmek ve hata oranlarm ortaya
cikarabilmek icin en iyi yol, her zaman daha
hassas Ornek veriler ile yapilan calismalart
kiyaslamaktir.

Bu calismada TerraSAR-X uydusundan elde
edilmis, alcalan ve yukselen yoringe 6zelliklerine
sahip mikrodalga uydu gorintileri kullanilarak
SYM  dretim iglemleri  gerceklestirilmistir.
Calismada Erciyes dagi pilot bdlge olarak
kullanilmigtir. Calisma bdlgesinde GPS alicilan
yardimi ile arazi calismalari gerceklestirilmistir.
Arazi calismalarindan elde edilen nokta yikseklik
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bilgileri ile radar gorintulerinden elde edilen
alcalan ve yikselen yoriingeye ait SYM verileri
karsilastirilmistir. Bunun yani sira SAR verilerinin
uyumluluk degerleri ile bir agirliklandirma
yapilmig, alcalan ve vyiikselen yoringeye ait
yukseklik degerleri  kullanilarak iki verinin
birlestirilmesi saglanmistir. Sonuglar istatistiksel
olarak degerlendirilip iki wveri arasindaki iliski
yorumlanmustir.

2. YONTEM

2.1. Cahsma Alanm, Kullanilan Veriler ve Arazi
Cahsmalarn

Calismada 3917 m yiksekligi ile Tirkiye’nin en
yiksek daglari arasinda bulunan Erciyes Dagi pilot
bolge olarak belirlenmistir.  Ulkemizde kis
turizmine 6nemli katkilarda bulunan Erciyes Dagi,
Kayseri ilinin 25 km gineybatisinda yer
almaktadir.

Calismada TerraSAR-X uydusunun StripMap
moduna ait 4 adet gorintl kullanilmastir. Tekrarh

Ahmet Tartk TORUN

gecis teknigi ile Uretilmis 2 adet goruntd alcalan, 2
adet gorintd ise yukselen yoriingeye ait ve
Yatay/Yatay (HH) polarizasyona  sahiptir.
Gorintiler 11 gunlik zamansal baz uzunluguna
sahip ve vyaz aylarinda elde edilmislerdir.
Gorintalerin - teknik ozellikleri Cizelge 1’de
sunulmustur.

Radar gorintulerinden elde edilen SYM’lerin
dogruluklarinin  degerlendirilmesi  i¢in  arazi
calismalari gerceklestirilmistir. Calisma alaninda
belirlenen bolgede GPS alicilar1 ile Gergek
Zamanh Kinematik (GZK) Olgmeler
gerceklestirilmis ve 540 adet noktanmin yukseklik
bilgileri  toplanmistir.  Canak  formasyonunda
bulunan caligma bdlgesi icin sev Ust, orta ve alt
noktalarindan yaklasik olarak homojen dagilacak
sekilde nokta bilgisi toplanmustir.

Calisma alani, uydu goruntl cerceveleri ve arazi
calismasindan elde edilen noktalar Sekil 1’de
gosterilmistir.

Cizelge 1. Kullanilan uydu gérintileri teknik dzellikleri

Goruntileme | Gorintl Alim Zamansal Baz Dik Baz Bagil Gelis Acist Yérinae | Polarizasvon
Modu Tarihi Uzunlugu (Giin) | Uzunlugu (m) Yoriinge Araligi (°) 9 Y
StripMap 06.07.2018 ) .
StripMap 1707 2018 11 43,33 39 36,03-38,54 | Yikselen
StripMap 12.08.2018 Yatay/Yatay
StripMap 23.08.2018 11 89,30 92 36,06-38,51 | Algalan

Sekil 1. a) Calisma alan: genel haritasi, b) Erciyes dagi 2000m yiikseklik sinirlar: ve gorinti cerceveleri,

¢) Calisma bolgesinde arazi noktalarinin dagilimi
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2.2. InSAR Teknigi ile SYM Uretimi

INSAR teknigi ile SYM uretim islemi temel olarak,
bir gorintiinin ana (master), diger goruntlnin
yardimct (slave) olarak segilip bindirmeli bir
sekilde islenmesi esasina dayanmaktadir [18-21].
iki SAR verisi ile SYM olusturma islem adimlar:
sirastyla asagidaki gibidir;

o GOrintl kayd:

« Interferogram olusturma
* Faz filtreleme

e Faz agilim

e Faz-yikseklik donlstimi
e Geometrik diizeltme

INSAR tekniginde, yalmzca iki SAR gorintusu ile
SYM dretimi mimkin olamamaktadir. Gorinti
isleme esnasinda harici bir SYM kullanimi arazi
topografyasimin modellenmesi agisindan gerekli bir
durumdur. Harici SYM verileri islem esnasinda
topografik faz olarak kullamlmaktadir. Bu
topografik faz verisi, interferogramdan
cikarildiktan sonra gercek yiizeye ulasilmis olur.
Islem sonunda harici SYM verisi tekrar eklenerek
nihai SYM verisi elde edilmis olur [10].

Calismada harici SYM verisi olarak SRTM
(Shuttle Radar Topography Misson) modeli
kullanilmigtir. SRTM, C ve X bantlar: ile calisan
iki farkli radar sistemi Gzerine kuruludur. Haricen
veya yazihm  (zerinden  (cretsiz  olarak
kullanilabilen bu Griin 30 ve 90 m ¢dzinurlik ile
dinyanin tim SYM verisini Uretmistir.

Bu calismada Avrupa Uzay Ajansi tarafindan
kullamcilara Ucretsiz  olarak sunulan  SNAP
yazilimi kullanidmigtir. SYM  {retim asamasinda
gerekli  bitin iglemler yazilim  (zerinden
gerceklestirilmisgtir. Haritalama  islemlerinde
ArcGIS yazihmi ve istatistiksel degerlendirme
islemlerinde ise Matlab yazilimi kullanilmstir.

2.3. Algalan ve Yukselen Yoéringe Verilerinin
Flzyonu

Alcalan ve yikselen ydriingeye sahip goruntiler

ile Uretilen SYM’ler birbirinden farkl karakteristik
ozellikler ve dogruluklar sunmaktadir. Ozellikle
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daghk arazilerde uydu gelis acisi ve arazi
topografyasindan  kaynaklanan  golge,  ters
goruntileme ve kisa goruntileme gibi hatalar
meydana gelebilmektedir. Bu hatalarin ortadan
kaldirilabilmesi icin bilim insanlar: iki yorungeye
ait verilerin birlestirilerek kullanilmas: yoluna
gitmislerdir [18,22-25].

Bu ¢alismada, [25]’in 6nerdigi agirliklandirma ile
flizyon yontemi kullamilmistir.  Yéntem SAR
verilerinin uyumluluk haritalarina gore
agirliklandirilmas: ve bir dizi matematiksel islem
ile alcalan ve yilkselen verilerin fiizyonu temeline
dayanmaktadir. Yontemde uyumluluk degerleri
Cizelge 2’deki degerler kullanilarak
agirliklandirilmaktadir.

Cizelge 2. Uyumluluk ve agirhik degerleri

Uyumluluk Degeri Agirhk
1-0,8 1
0,8-0,6 0,8
0,6-0,4 0,6
0,4-0,2 0,4
0,2-0 0,2

Cizelge 2’de verilen uyumluluk degerlerine gore
yeni bir agirhk matrisi 0retilmektedir. Bu
asamadan sonra alcalan ve yikselen yoringe
degerleri ile agirhk degerleri Esitlik 1’deki gibi
oranlanarak yeni fizyon degerleri elde edilmis
olur.

wphytwyhy
hson_m (1)

Burada hl ve h2 sirasiyla 1. ve 2. SYM’lerden elde
edilen yukseklik degerleridir. ©l ve w2 ise
sirasiyla 1. ve 2. SYM’ler igin uyumluluk
degerlerinden elde edilen agirlik degerleridir.

2.4. istatistiksel Analizler

Cahismada, arazi nokta ylkseklikleri  ve
SYM’lerden elde edilen nokta yuksekliklerinin
karsilastirilmas: icin bir dizi istatistiksel analiz
yapilmistir.  Arazi 6lcmelerinden elde edilen
yiikseklikler baz alinarak Korelasyon Katsayist
(KK), Standart Sapma (SS) ve Karesel Ortalama
Hata (KOH) hesaplar1 yapilmis ve Esitlik 2,3
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ve 4’te  verilmistir. Aynntilan  [26-28]’de
bulunmaktadir.
SS = |13 (% %)’ @
n-143
KK = M 3
«fZ(X—f)ZZ(y— y)’
KOH = ’z@ @)

Yukaridaki esitliklerde n 6rneklem sayisin,
xi i’nci noktanmin degerini ve ortalama degerleri
temsil etmektedir.

Ayrica, yukseklik degerleri arasindaki iliskinin
belirlenebilmesi icin Matlab yazihminda egri
uydurma islemi ve matematiksel = model
olusturularak ¢oklu regresyon analizi yapilmis ve
coklu regresyon katsayilari (R) hesaplanmistir. Bu
deger bagimli degiskenler ile bagimsiz degiskenler

‘

£

Sekil 2. a) YUkselen yoriingeye ai

Ahmet Tartk TORUN

arasindaki iligkinin glcuni ortaya koymaktadir
[3,29].

3. ARASTIRMA BULGULARI

Daha o©nceki boélimlerde isaret edilen veriler
yardim ile algalan ve yukselen yoriingelere ait
uydu gorintaleri  kullanilarak  SYM  {retimi
yapilmistir. Sekil 2’de alcalan-yiikselen y6riinge
verileri ve flizyon verisinden olusturulan SYM’ler
gosterilmistir.

Calismada kullanilan SAR gorntileri ile Erciyes
Dagi  bolgesinin  tamamina ait  SYM’ler
uretilmistir. Dogruluk analizi ¢aligmalar: ise arazi
Olcmelerinden elde edilen noktalarin yukseklik
verileri yardim ile yapilmistir. Sekil 3’te arazi
caligmalar1 ile elde edilen 540 noktaya ait

yukseklik degerleri grafigi verilmistir. Grafikte, bu
noktalarin raster SYM verileri (zerinden toplanan
alcalan yorlinge, yukselen yoriinge ve flizyon
verilerden
verilmistir.

elde edilmis yukseklik bilgileri

Yiikseklik (m)

3600

1900

t SYM, b) Algalan yoringeye ait SYM, ¢) Fiizyon SYM

2620
2580
2540
2500
2460
2420
2380
2340

Ykseklik (m)

—— GPS Yikseklik

Yukselen Yériinge

361
496
511
526

Alcalan Yoringe Fuzyon

Sekil 3. Nokta yukseklik grafikleri
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Arazi cahsmalarn ile SYM verileri arasinda  Sekil 4’de GPS yikseklikleri ile her bir SYM
regresyon analizleri ve egri uydurma islemi verisinden elde edilen yukseklik degerleri
yapilmigtir. Burada, veriler arasindaki iliski, arasindaki regresyon analizlerinin  grafikleri
polinom fonksiyonu kullanilarak gézlemlenmistir. verilmigtir.

g
T

s
b
=

Alcalan Yoriinge Yiikseklik (m)

"‘ g * AlcalanYorunge vs. GPSYiikseklik
2380 - i ] . | —f(x) = p1*x + p2 !
2420 2440 2460 2480 2500 2520 2540 2560 2580

GPS Yiikseklik (m)

Yiikselen Yiriinge Yiikseklik (m)

2360 . * YukselenYorunge vs. GPSYkseklik
. —f{x) = p1™x + p2
2340 — L L L 1 1 I T T 4
2420 2440 2460 2480 2500 2520 2540 2560 2580

GPS Yiikseklik (m)

g

Fiizyon Yiikseklik (m)
T T

24207

* Fuzyon vs. GPSYiikseklik
—f(x) = p1*x + p2

L L |
2420 2440 2460 2480 2500 2520 2540 2560 2580

GPS VYiikseklik (m)
Sekil 4. GPS nokta yukseklikleri, algalan - yikselen ydriinge ve fuzyon degerlerinin egri uydurma ve
model fonksiyonu grafikleri

2400 |
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Esitlik 2,3 ve 4 yardim ile ylikseklik degerlerine
ait  istatistiksel analizler ve hesaplamalar
yapilmistir. Bununla birlikte model fonksiyonu
analizlerinden R2 (Regresyon katsayist) degerleri
elde edilmistir. Cizelge 3’te hesaplanan degerler
verilmistir.

Cizelge 3. Istatistiksel analiz sonuglar:

SSm)| KK |[KOH(m)| R?
Yikselen
Yoriinge SYM 37,48 |0,8920| 30,63 |0,7956
Algalan
Yoriinge SYM 33,92 |0,8940| 24,69 0,7993
Fuzyon SYM 33,63 |0,9343| 25,39 0,8729

4. SONUCLAR VE TARTISMA

Bu calismada algalan ve yiikselen ydringeye ait
gorintilerle INSAR teknigi ile SYM dretimi ve bu
verilerin fuzyon edilmesi sonucunda elde edilen
veriler incelenmistir. Bununla birlikte, arazi
caligmalarindan elde edilen GPS  yukseklik
degerleri ile karsilastirlmastr.

Calismadaki ana hedef algalan ve yikselen
yoringeye ait verilerin uyumluluk degerleri ve
gelis acilarindan kaynaklanan hatalarin bir fiizyon
islemi ile ortadan kaldirilmasidir. Bunun igin
uyumluluk degerleri ile bir agirhk matrisi
olusturularak Esitlik 1’deki formdl Gzerinden
uygulanmistir.  Flzyon isleminin ilk sonuclar
Sekil 2 ve 3’te agik¢a gorulebilmektedir. Sekil 2
incelendiginde yukseklik basamaklarina ait renk
farklihiklarimin ortaya ¢iktigi gorilmistir. Bunun
yaninda Sekil 3’teki grafikte INSAR teknigi ile
Uretilen SYM’lerin GPS nokta yuksekliklerine
gore degisimi ortaya konulmustur. Burada, GPS
verileri  ve SYM’lerden dretilen yikseklik
degerleri arasinda elimine edilmesi zor olan farklar
bulunmaktadir. Bu farklar, jeoid ondilasyonu ve
GPS alicisinin hassasiyetini yam sira arazi egim ve
bakisi, raster veri ¢ozundrligii ve uydu gelis
acisindan meydana gelen farklardir. Bu grafikteki
dikkat edilmesi gereken husus, bazi noktalarin
anlamsiz denebilecek diizeyde fark ortaya ¢ikarmis
olmasidir (bkz. 477. nokta). Bunun sebebinin uydu
gelis acis1 ve arazi ylzeyinden kaynaklanan egim
problemleri oldugu dustinulmektedir.
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Sekil 4 ve Cizelge 3 incelendiginde flizyon
degerlerinin algalan ve yikselen yoriingeye ait
SYM degerlerini iyilestirdigi gorulebilmektedir.
Genel anlamda en hatali degerleri yikselen
yoriingeye ait degerlerde  oldugu ortaya
cikmaktadir. Bu sonug ise acik bir sekilde fiizyon
isleminin  sonuclan iyilestirdigini ortaya
koymaktadir. Alcalan yériingeye ait degerleri SS
ve KOH degerlerinde birbirlerine yakin oldugu
gorllse de regresyon ve korelasyon analizlerinde
iyilesmenin ortaya ciktigi  gorilebilmektedir.
Cizelge 3’te dikkat edilmesi gereken bir diger
husus ise KOH degerlerinin 25-30 m arahginda
olmasidir. Yikseklik calismalarinda bu denli
yuksek sonuclara sahip degerler her zaman
kullanilamayabilir. Fakat InSAR teknigi ile SYM
Uretiminde ©6nemli hususlardan biri olan harici
SYM verileri bunun asil sebebidir. Bu ¢alismada
harici SYM olarak, kullanicilara  (cretsiz
sunuldugu ve yazihmlar Gzerinde standart olarak
kullanildig1 igin SRTM verisi kullamlmistir. Bu
sonug dzelinde bakildiginda mekéansal ¢ozunirlugi
daha yiksek harici SYM verileri ile sonuglarin
daha da iyilestirilebilecegi 6ngdrilmektedir.

Ozetle, INSAR teknigi ile SYM (retiminde algalan
ve yikselen yoriinge degerlerinin, yapilan flzyon
islem ile iyilestirilebilecegi gorilmektedir. Fakat
burada dikkat edilmesi gereken en énemli husus
arazi egimi ve uydu gelis acisi degerlerinin
sonuglara her zaman etki edecegidir. [19]
calismalarinda kullanilan yéntemi sehir alanlarinda
uygulamigslardir. Bu ¢aligmada ise daghk ve egim
olarak dik bir alanda denenmesine ragmen
sonuglarda iyilesme oldugu gorilmektedir.

flerleyen galismalarda farkh flizyon metotlar: ile
arazi egim ve uydu gelis acis1 parametreleri de g6z
onine ahnarak  farkli analizler yapilmas:
planlanmaktadir.

5. TESEKKUR
Bu calismada Avrupa Uzay Ajansi (ESA), 39890

(Third Party Missions) nolu projeden saglanan
uydu goruntaleri kullaniimastir.

373



Yikselen ve Algalan Yériingeye Ait TerraSAR-X Gariintillerinden Uretilen Say:sal Yikseklik Modellerinin Dogruluk
Karslastirmas:

6.

1.

KAYNAKLAR

Sefercik, U.G., 2006. Accuracy Assessment of
Digital Elevation Models Derived from Shuttle
Radar Topography Mission (SRTM). Yiksek
Lisans Tezi, Zonguldak Karaelmas
Universitesi, Fen Bilimleri Enstitiisii, Jeodezi
ve Fotogrametri Mihendisligi Anabilim Dals,
Zonguldak, 115.

Miller, C.L., Laflamme, R.A.,1958. The Digital
Terrain Model: Theory & Application. MIT
Photogrammetry Laboratory. Society's 24"
Annual Meeting, Hotel Shoreham,
Washington, A.B.D., 433-442.

Arikan, D., Yildiz, F., Makineci, H.B., 2021.
Hava Lidari Verilerine Uygulanan Farkl
Enterpolasyon Yontemlerinin SAM
Dogruluguna Etkisi, Konya Maihendislik
Bilimleri Dergisi, 9(2), 377-394.

Gelautz, M., Paillou, P., Chen, C., Zebker, H.,
2003. A Comparative Study of Radar Stereo
and Interferometry for DEM Generation. Proc.
of Fringe 2003 Workshop, 1-5 December 2003,
Frascati, Italy.

Kose, M.H., 2006. Uydu Radar
Gorintulerinden Ug Boyutlu Sayisal Arazi
Modelinin Uretilmesi. Yiksek Lisans Tezi,
Selguk Universitesi, Fen Bilimleri Ensitisi,
Jeodezi ve  Fotogrametri  Mihendisligi
Anabilim Dali, Konya, 92.

Fayard, F., Méric, S., Pottier, E.,
Matching Stereoscopic SAR Images for
Radargrammetric  Applications. 2007 IEEE
International Geoscience and Remote Sensing
Symposium, 23-28 July 2007, Barcelona,
Spain.

Makineci, H.B., Karabork, H., 2016.
Evaluation Digital Elevation Model Generated
by  Synthetic  Aperture Radar Data,
International Archives of the Photogrammetry.
Remote Sensing and Spatial Information
Sciences, 1, 57-62.

Hanssen, R.F., 2001. Radar Interferometry:
Data Interpretation and Error Analysis,
Springer Science & Business Media, 308.
Orhan, O., 2018. Uzaktan Algilama ve Cografi
Bilgi  Sistemleri ile  Muhtemel Obruk
Alanlarinin Belirlenmesi. Doktora Tezi, Selcuk

2007.

374

Universitesi, Fen Bilimleri Enstitiisii, Harita
Muhendisligi Anabilim Dali, Konya, 182.

10. Torun, A.T., 2021. Radar Gorintulerinden Kar
Derinligi ve Hacminin Hesaplanmasi; Erciyes
Dagi  Ornegi. Doktora Tezi, Aksaray
Universitesi, Fen Bilimleri Enstitiisti, Harita
Muhendisligi Anabilim Dali, Aksaray, 98.

11.Calo, F., Notti, D., Galve, J.P., Abdikan, S.,
Goérim, T., Orhan, O., Makineci, H.B., Pepe,
A., Yakar, M., Balik Sanl, F., 2018. A Multi-
Source Data Approach for the Investigation of
Land Subsidence in the Konya Basin, Turkey.
Int. Arch. Photogramm. Remote Sens. Spatial
Inf. Sci., XLII-3/W4, 129-135.

12.Zisk, S.H., 1972. A New, Earth-based Radar
Technique for the Measurement of Lunar
Topography. The Moon, 4, 3-4, 296-306.

13. Graham, L.C., 1974. Synthetic Interferometer
Radar for Topographic Mapping. Proceedings
of the IEEE, 62, 2, 763-768, Haziran, 1974.

14.Zebker, H.A., Goldstein, R.M. 1986.
Topographic Mapping from Interferometric
Synthetic  Aperture Radar  Observations.

Journal of Geophysical Research: Solid Earth,
91, B5, 4993-4999.

15. Abdikan, S., 2007. SAR Gorintulerinden
Uretilen interferometik ve Stereo Sayisal
Y ukseklik Modellerinin Kalitesinin
Incelenmesi. Yiksek Lisans Tezi, Yildiz
Teknik Universitesi, Fen Bilimleri Enstitiisi,
Harita Muihendisligi Anabilim Dali, Uzaktan
Algilama ve CBS Programu, Istanbul, 111.

16. Canaslan, F., 2010. InSAR Ydntemiyle Dlsey
Yonlu Yuzey Deformasyonlarinin
Belirlenmesi: Konya Ornegi. Yiiksek Lisans
Tezi, Selguk Universitesi, Fen Bilimleri
Enstitist, Harita Mihendisligi Anabilim Dals,
Konya, 74.

17.Torun, A.T., Ekercin, S., 2021. Estimating
Snow Density, Depth, Volume and Snow
Water Equivalent with Insar Data in The
Erciyes Mountain/Turkey. Arabian Journal of
Geosciences 14, 1456(1-16).

18. Karabork, H., Makineci, H.B., Orhan, O.,
Karakus, P., 2021. Accuracy Assessment of
DEMs Derived from Multiple SAR Data Using
the Insar Technique. Arabian Journal for
Science and Engineering, 46(6), 5755-5765.

C.U. Miih. Fak. Dergisi, 35(2), Haziran 2021



19. San, B.T., Suzen, M.L., 2005. Digital Elevation
Model (DEM) Generation and Accuracy
Assessment  from ASTER Stereo Data.
International Journal of Remote Sensing,
26(22), 5013-5027.

20. Wechsler, S.P., 2007. Uncertainties Associated
with Digital Elevation Models for Hydrologic
Applications: A Review. Hydrology and Earth
System Sciences, 11(4), 1481-1500.

21. Kyaruzi, J., 2005. Quality Assessment of DEM
from Radargrammetry Data. Yiksek Lisans
Tezi, International Institute for Geo-
information Science and Earth Observation,
Enschede, Hollanda, 69.

22.Crosetto, M., Pérez Aragues, F., 2000.
Radargrammetry and SAR Interferometry for
DEM Generation: Validation and Fata Fusion.
In SAR Workshop: CEOS Committee on Earth
Observation Satellites, 450, 367-372.

23.Hoja, D., d’Angelo, P., 2009. Analysis of DEM
Combination Methods Using High Resolution
Optical Stereo Imagery and Interferometric
SAR Data. ISPRS Hannover Workshop 2009,
High-Resolution Earth Imaging for Geospatial
Information, 02-05 Haziran 2009, Hannover,
Almanya.

24. Dyatmika, H.S., Arief, R., Sudiana, D., Ali, S,
Maulana, R., Budiono, M.E., 2018. Modifikasi
Digital Elevation Model (DEM) Citra Resolusi
Tinggi Menggunakan Fusi Interferometri SAR
dan Stereosar Berbasis Faktor Pembobotan.
Jurnal Penginderaan Jauh dan Pengolahan Data
Citra Digital, 15(2), 83-92.

25. Arief, R., Dyatmika, H.S., Ali, S., 2020. A
Fusion of Digital Elevation Model Based on
Interferometry ~ SAR  Technique  from
Ascending and Descending Path in Urban
Area. In IOP Conference Series: Earth and
Environmental Science 500(1), IOP Publishing.

26.Gilal, E., Erdogan, H., Aykut, N.O., Erkaya,
H., 2011. The use of SISO ARX Models in the
Determination of the Damage to Dams.
International Journal of Damage Mechanics,
20(7), 979-1001.

27.Zhang, K., Gann, D., Ross, M., Robertson, Q.,
Sarmiento, J., Santana, S., Rhome J., Fritz, C.,
2019. Accuracy Assessment of ASTER,
SRTM, ALOS, and TDX DEMs for Hispaniola
and Implications for Mapping Vulnerability to

C.U. Miih. Fak. Dergisi, 35(2), Haziran 2021

28.

29.

Ahmet Tarik TORUN

Coastal Flooding. Remote
Environment, 225, 290-306.
Erdogan, H., 2006. Muhendislik Yapilarindaki
Dinamik Davranislarin  Jeodezik Olgmelerle
Belirlenmesi. Doktora Tezi, Yildiz Teknik
Universitesi, Fen Bilimleri Enstitiisti, Jeodezi
ve Fotogrametri Muhendisligi Anabilim Dali
Istanbul, 181.

Gindiz, H.0., Ekercin, S., 2020. Landsat-8
Uydu Gorintileri Kullanilarak Hava Kalitesi
Haritasinin Olusturulmasi: Aksaray ili Ornegi.
Harita Dergisi, 2020-163, 50-57.

sensing  of

375



376 C.U. Miih. Fak. Dergisi, 35(2), Haziran 2021



Cukurova Universitesi Miihendislik Fakiiltesi Dergisi, 37(2), ss. 377-382, Haziran 2022
Cukurova University Journal of the Faculty of Engineering, 37(2), pp. 377-382, June 2022

Mg-2,5Al-1,0Sn-0,3Mn-0,4La-1,33Gd Mg Alasiminin Yiiksek
Sicaklik Asinma Davranisina Haddeleme Hizinin Etkisinin
Incelenmesi

Ismail Hakki KARA™ ORCID 0000-0001-8425-5649

YKarabiik Universitesi, Miihendislik Fakiiltesi, Metalurji ve Malzeme Miihendisligi
Boliimii, Karabiik

Gelis tarihi: 15.02.2022 Kabul tarihi: 30.06.2022

Anf sekli/ How to cite: KARA, LH., (2022). Mg-2.5Al-1.0Sn-0.3Mn-0.4La-1.33Gd Mg Alasimimn Yiiksek
Sicaklk Asinma Davramisina Haddeleme Hizimn Etkisinin Incelenmesi. Cukurova Universitesi,
Miihendislik Fakiiltesi Dergisi, 37(2), 377-382.

Oz

Bu calismanin amact otomotiv ve uzay tasitlarinda kullanim potansiyeli yiiksek olan hafif magnezyum
(Mg) alagimlarin yiiksek sicaklik asinma davramisina farkli haddeleme hizlarinin etkisini incelemektir.
Strtinme nedeniyle olusan veya kullanim ¢evresine bagli artan sicakligin asinmaya maruz kalan fren
balatalar1 gibi uygulamalarda Mg alasimin nasil tepki verdigini anlamak 6nem arz etmektedir. Yapisal
olarak gelistirilmis nadir toprak elementi iceren Mg alagimlari buna ¢6ziim olarak diisiiniilmiistiir. Burada
yiiksek sicakliga dayanimi zayif olan ikincil fazlar yerine yapida daha kararl ikincil fazlar olusturmak
esas alinmistir. Bu amagla sicak haddelenmis Mg-2.5A1-1.0Sn-0.3Mn-0.4La-1.33Gd Mg alagimina 225°C
de asinma testleri uygulanmustir. 1.5, 4.7 ve 10 m/dk olmak tizere {i¢ farkli hadde hiziyla elde edilen sac
malzemelerin mikroyapisal karakterizasyonu 1sik optik mikroskop (LOM) ve taramali elektron
mikroskobu (SEM) vasitasiyla incelenmistir. Hadde hizina bagh ikizlenmeler ve yeniden kristallegen
taneler elde edilmistir. Sicak asinma davranisinin mikroyaprya bagli olarak degistigi ve olugan sert ikincil
fazlarin daha yumusak olan matrisle birleserek asinma direncine katki sagladigi anlagilmistir. Artan hadde
hizina bagli asinma hizinda diisiis meydana gelmistir. 10m/dk ve 1.5m/dk hadde hizlarinin aginma hizlari
kargilagtirildiginda iki kattan daha fazla fark oldugu goriilmiigtiir. Asinma mekanizmalart incelenen
agimmis ylzeylerin plastik akma, adhezif ve plastik deformasyon tiiriinde mekanizmalara sahip oldugu
gorilmiistiir.

Anahtar Kelimeler: Mg-Al-Sn-La-Gd, Hadde hizi, Asinma, Mikroyap1

Investigation of the Effect of Rolling Speed on High Temperature Wear
Behavior of Mg-2.5Al-1.0Sn-0.3Mn-0.4La-1.33Gd Mg Alloy

Abstract

The aim of this study is to examine the effect of different rolling speeds on the high temperature wear
behavior of light magnesium (Mg) alloys, which have high potential for use in automotive and space
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vehicles. It is important to understand how the Mg alloy responds in applications such as brake pads,
which are subject to wear due to friction or increased temperature due to the usage environment.
Microstructurally enhanced Mg alloys containing rare earth elements have been considered as a solution
to this. Here, it is based on creating more stable secondary phases to high temperature conditions in the
structure instead of secondary phases with poor resistance to high temperatures. For this purpose, wear
tests were applied to hot rolled Mg-2.5AI-1.0Sn-0.3Mn-0.4La-1.33Gd Mg alloy at 225°C. The
microstructural characterization of the sheet materials obtained at three different rolling speeds, 1.5, 4.7
and 10 m/min, was investigated by means of light optical microscope (LOM) and scanning electron
microscope (SEM). Twinning and recrystallized grains were obtained depending on the rolling speed. It
has been understood that the hot wear behavior changes depending on the microstructure and the formed
hard secondary phases combine with the softer matrix to contribute to the wear resistance. There was a
decrease in the wear rate due to the increasing rolling speed. When the wear rates of 10m/min and
1.5m/min rolling speeds are compared, it has been seen that there is more than two. It was observed that
the worn surfaces, whose wear mechanisms were examined, had mechanisms such as plastic flow,
adhesive and plastic deformation.

Keywords: Mg-Al-Sn-La-Gd, Rolling speed, Wear, Microstructure

iyilestirdigi ~ bilinmektedir [6]. Mg-Sn bazl
alasimda az miktarda La (ag.0l.%0,3) ilavesi,

1. GIRiS

Magnezyum alagimlarina olan ilgi her gegen giin
artmaktadir. Bunun en 6énemli nedeni magnezyum
alagimlarinin diisiik yogunluklu ve yiiksek 6zgiil
mukavemetli  olmasidir, fakat magnezyum
alagimlarinin  kullanimi ¢ok smurhidir [1]. Zayif

asinma performansi, magnezyum riinlerinin
kullanimin1  azaltmaktadir  [2]. Alasimlama,
magnezyum  alasimlarimin  aginma  direncini

artirmak i¢in tercih edilen bir yontemdir. Son
yillarda magnezyum alagimlarinda alasim elementi
olarak nadir toprak elementleri kullanilmaya
baglanmis ve bunun sonucunda hem mekanik
ozellikler hem de korozyon direnci iyilestirilmistir
[3]. Mg-Al ikili sisteminde Mg;;Aly, ikincil fazi,
dayanim ve korozyona etkisi nedeniyle genis bir
kullanim alani bulmustur. Buna ragmen Mg;;Al;,
faz1 yiiksek sicakliklarda kararsizdir [4]. Yiiksek
sicakliklara dayanikli bir faz elde etmek igin Mg
alasimlarma kalay (Sn) eklenmis ve olumlu
sonuglar almmustir [5]. Mg-Al-Sn  alagiminin
yikksek sicaklik dayanimi {izerine ¢aligsma
sonuglart Mg,Sn’nin ikincil fazinin tane sinirlarina
eslik ettigi ve kati ¢ozelti giiclendirme
mekanizmas1 yoluyla yiiksek sicaklik ¢ekme
mukavemetini arttirdigr aktarilmigtir [5]. Ancak,
nadir toprak elementi katkili Mg-Al-Sn alagimlari
iizerine yapilan ¢alismalar olduk¢a azdir. Lantan
katkili magnezyum alagimlarimin korozyon direnci
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korozyon direncini ve koruyucu yiizey oksit
filmini iyilestirmektedir [6]. Gadolinyum ilavesi,
magnezyum alagimlarinin mukavemet 6zelliklerini
gelistirir. Buna ilaveten Yang M. ve ark. dokim
halindeki Mg-3Sn-2Ca Mg alagiminin
mikroyapist ve mekanik Ozellikleri {izerinde
agirhikga ag.0l.%0,42 ila 1,79 araliginda Gd
ilavesinin  etkisini incelemislerdir.  Agirlik¢a
ag.0l.%0,42 Gd eklenen alasimin en iyi ¢ekme
ozelliklerini gosterdigini, agirlik¢a ag.ol.%1,79 Gd
eklenen alasimin ise en iyi siirinme ozelliklerine
sahip oldugunu bulmuslardir. Agirlikca %0,42°den
agirlikca %1.79’a yiikselen Gd nedeniyle CaMgSn
ve Mg,Ca fazlarinin hacim fraksiyonu sirasiyla
kademeli olarak azaldig1 ve arttigi ifade edilmistir
[7]. Buna ragmen, ozellikle literatiirde La ve Gd
modifiye Mg-Al-Sn alagimlarinin yiiksek sicaklik
asmmma direnci ile ilgili ¢alisma ¢ok smurlidir.
Ayrica sicak hadde hizina bagli degisen Mg
alagimlarinin - mikroyapt  dzelliklerinin  yiiksek
sicaklik  asmma  direncine  etkisi  halen
tartisilmaktadir.

Bu g¢aligmada, Mg-2,5Al-1,0Sn-0,3Mn-0,4La-
1,33Gd Mg alasimmin mikro yapisi, uygulanan
1,5, 4,7 ve 10 m/dk’lik sicak haddeleme hizlarina
bagl olarak ikizlenmeler veya yeniden kristallesen
taneler (DRX’ler) ile olusturulmustur. Daha sonra
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225 °C’de yiksek asmma  performansi
olciilmiistiir.  Incelenen numunelerin  yiiksek
agmmma durumu i¢in farkli tepkileri, LOM ve SEM
ile belirlenen mikroyapisal o&zellikleri ortaya
konularak agiklanmustir.

2. MATERYAL VE METOT

2.1. Materyal
Mg-2,5Al1-1,0Sn-0,3Mn-0,4La-1,33Gd alagimu,

elektrik direngli bir firin  kullanilarak diisiik
basingli dokiim (LPDC) yontemiyle iretilmistir.
Saf Mg, Al ve Sn ilk olarak firina yiiklenmistir.
750 °C’de 1 saat eritilen malzemelere Mg-Mn,
Mg-La ve Mg-Gd master alasimlart ilave
edilmistir. 350 °C’ye 1sitilmis paslanmaz c¢elik
kaliplara erimis metal,1-2 atm uygulanarak enjekte
edildi. Uretilen alasgtmin  kimyasal bilesimi
(%2,5Al, %1,0Sn, %0,3Mn, %0,4La, %1,33 Gd ve
kalan Mg (%ag. ol.)) XRF cihaz1 (Rigaku Primus
11-X-Ray Floresans Spektrometresi) ile
belirlenmistir.

2.2. Metot

36X36X12 mm’lik levha malzemeler 2 mm et
kalinliginda sac malzemelere doniistiiriilmiistiir.
Bu islem i¢in geleneksel haddeleme yontemi
kullanilmugtir. Sicak haddeleme &ncesi plakalar
350°C derecede 30 dakika tutulmus ve aym
sicaklikta haddeleme islemi tamamlanmistir.
Toplam 8 pasoda malzemelerin yaklasik %83’i
deforme olmustur. Gegisler arasinda 350°C
derecede 5 dakika beklemistir. Et kalinlig1 2 mm
olan sac malzemeler suda sogutulmustur. Sicak
haddeleme parametreleri, paso basina %20
deformasyon orani ve 1,5, 4,7 ve 10 m/dak’lik ii¢
farkli haddeleme hizini igermektedir. Mikroyapisal
karakterizasyon Oncesi zimparalama (600-2500
kum sayili), parlatma (1pm elmas siispansiyon) ve

daglama  (pikral) islemleri  yapilmis ve
metalografik islemler tamamlanmistir. Optik
mikroskop (LOM- Carl Zeiss 151tk optik

mikroskobu) ve elektron mikroskobu (Carl Zeiss
Ultra Plus taramali elektron mikroskobu) sirastyla
tanelerin degisimini ve ikincil fazlar1 ortaya
¢ikarmak icin kullanilmigtir. Ortalama tane boyut
analizi ve ikizlenme fraksiyonlar1 sirasiyla ASTM
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E112 ve ASTM ES562-02 standardlarina gore optik
mikroskop  goriintillerinden Image] yazilim
kullanilarak ~ hesaplanmistir. ~ ASTM  G-99
standardina gore 1 kg yiik altinda kuru ortamda
ball-on-disc aginma testi (UTS-Tribometer aginma
test cihazi) yapilmistir. 6 mm capa ayarlt asinma
testinde numuneler toplam 50 m boyunca
225 °C’de asinma testine tabi tutulmustur. Aginma
sonrast  hacimsel kayip, bir profilometre
(Mitutoyo) cihazi kullanilarak belirlenmigtir. Her
numuneden asinma yoluna dik yonde bes Ol¢cim
yapilmigtir. 2B boyutlu profilometre egrileri ile
toplam iz uzunlugu c¢arpilarak asinmig hacim
miktari bulunmustur [9]. Asinma testi sonrasinda
degisen alasim element miktar1 ve aginma yiikiine
bagli olarak asinma mekanizmast EDX (enerji
dagilimli X -ray spektrometresi) desteklenen SEM
cihaz1 vasitastyla incelenmistir. Numunelerin
sertlik Olglimii, universal Brinell sertlik cihazi
(2,5 mm c¢apinda celik bilye, 187,5 kg yiik-
10 saniye bekleme siiresi) kullanilarak ASTM
E10-08 yontemine gore yapilmistir.

3. BULGULAR VE TARTISMA
3.1. Mikroyap1 Ozellikleri

Sekil 1, LOM tarafindan elde edilmis mikroyapi
resimlerini igermektedir. Sekil 1’e bakildigi zaman
sicak haddelemenin sonucu ortaya ¢ikan es eksenli
tanelerin tiim hadde hizi uygulamalar i¢in ortak
Ozellik oldugu sdylenebilir. Buna ragmen
hekzagonal siki  paket yapiya sahip Mg
alagimlarimin deformasyon mekanizmasi ikizlenme
veya yeniden kristallesme seklinde olmaktadir [2].
Burada diisik hadde hizina bagl ikizlenme
fraksiyonun daha yiiksek oranda oldugu, fakat
yiikselen hadde hizina bagli yeniden kristallesen
tanelerin arttig1 gorilmistiir. Sekil 1a’da 1,5 m/dk
hadde hizinda olusan ikizlenmelerin orijinal
taneleri boldiigli goriilmektedir, bunun yaninda es
eksenli daha kiiciik boyutlu tanelerde vardir. Sekil
1b’de 4,7m/dk hadde hizinin daha ince taneleri
yaptya kazandirdigi, fakat ikizlenmelerin azalan
sekilde varligini korudugu anlagilmaktadir. 10m/dk
hadde hizinda ise ¢ok ince taneli yeniden
kristallesmis es eksenli ikizlenme igermeyen
tanelerin baskin oldugu goriilmektedir (Sekil 1c¢).
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Sekil 1. LOM vasitasiyla elde edilen (a) 1,5 (b) 4,7 ve (¢)10 m/dk hadde hizlarina ait mikroskobik resimler

Sekil 2, SEM vasitasiyla elde edilmis mikroyap1
resimlerini  icermektedir. SEM  cihazt  1s1k
mikroskobunda teshis edilemeyen ikincil faz
olarak tanimlanan parlak veya gri renkli
partikiilleri gérmemizi saglamistir. Mikroyapidaki
ikincil fazlar sekil, boyut ve dagilim bakimindan
farkli olabilmektedir. 1,5 m/dk hadde hizinin
hadde yoniinde sirali serit halinde yer edinmis
kiiresel ve kare veya dikdortgen sekilli ikincil

fazlara sahip oldugu goriilmektedir (Sekil 2a).
Buna ragmen 4,7 m/dk hadde hizinda daha iri
birbirinden ayrik ve kiimelenmis halde daha ince
ikincil fazlar mikroyapida yer almstir (Sekil 2b).
10 m/dk hadde hizinda haddelenmis numuneye ait
SEM resmi bir arada bulunan iri ya da hadde yonii
(HY) boyunca siralanmis ince ikincil fazlari
barindirmaktadir (Sekil 2c¢).

(©

Sekil 2. (2) 1,5 (b) 4,7 ve (c)10 m/dk hadde hizlarina ait SEM ile elde edilmis mikroskobik resimler

3.2. Sertlik, ikizlenme Fraksiyonu ve Ortalama
Tane Boyutu Ozellikleri

Cizelge 1. 1,5, 4,7 ve 10 m/dk hadde hizinda
haddelenmis numunelere ait ortalama tane boyutu,
ikizlenme fraksiyonu ve sertlik sonuglarim
icermektedir. Artan hadde hizina bagli ortalama
tane boyutunun distiiglii goriilmektedir. Burada
optik mikroskop goriintiilerinden anlasilacag:
iizere yeniden kristallegen tanelerin artan hadde
hiziyla yogun sekilde artmasi ortalama tane
boyutunda diisiise neden olmustur. Ayni sekilde
yeniden kristallesen tane sayisinda artis ikizlenme
fraksiyonun azalmasima neden olmustur. Brinell
sertlik sonuglart ayn1 zamanda artan hadde hiziyla
beraber azalan sertlik degerlerini igermektedir.
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Yeniden  kristallesen  tanelerin  dislokasyon
icermeyen tane olarak isimlendirilmesi ve
stineklikte artisa neden olmasi sertlikte azalmay1
aciklamayabilir [9]. Aym1 zamanda ikizlenme
fraksiyonun azalmasi sonucu azalan tane sinirt
sertlikteki diisiisii neden olmus olabilir [10].

Cizelge 1. Mikroyapt resimlerden elde edilen
veriler ve sertlik testi sonucu

Numune| Ortalama Tane ikizlenme Brinell Sertlik
Ismi Boyutu (um) (HBW)
C1 19+ 2,2 0,12 |+0,005| 65 +0,7
Cc2 17+ 15 0,09 |+0,005| 64 +1,3
C3 17+ 1,1 0,09 |+0,010| 58 +1,0
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3.3. Sicak Asinma Testi Sonuclari

Sekil 3, 250 °C’de asinma testi uygulanmig
numunelerin  birim yiilk ve mesafe basina
kaybettikleri hacimsel metal kaybini
gostermektedir. Sekil 3’den anlagilacagi {izere
artan hadde hizina bagli azalan aginma orani sahip
(mm*N.m) bir grafik elde edilmistir. Plastik

deformasyon sirasinda hadde hiz1i arttikca
deformasyon enerjisi artmaktadir ve yeniden
kristallesme meydana gelmektedir. Yeniden

kristallesen taneler daha yumusak ve siinekligi
gelistirmesiyle bilinmektedir [11]. Buna ragmen
homojenlestirme sonrasi taneler diisiik hadde hizi
uygulanmis ve dolayisiyla daha diisiik enerji igeren
pasolar neticesinde ikizlenme baskin hale
gelmistir. ikiz sinirlar1 orjinal taneleri bolmekte ve
mukavemet  bakimindan Mg  alasimlarini
gelistirmektedir [12]. Fakat, bu ¢aligmada aginma
mekanizmasi kendini yeniden kristallesme baskin
mikroyapida daha direngli olacak sekilde
gostermistir. Burada sert ikincil fazlar yumusak
matris fazi ile karisarak aginma direngli bir yiizeye
neden olmustur. Asinmig ylizey goriintelerine
bakildigi zaman (Sekil 4c), plastik deformasyon
baskin aginma mekanizmast 10 m/dk hadde
hizinda haddelenmis numunede goriilmektedir.
Burada birbiri i¢inde karismis ikincil faz matriks
yapist asindirici bilyeye karsi daha direngli yilizey
saglamigtir. Buna ragmen daha diisiik hizlarda
haddelenmis numunelerin adhezif asmma tiiri,

-
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tepeler arasinda ¢ukurlar ve ayni anda gizgiler,
icerdigi  goriilmektedir. ~ Asinma  sirasinda
cukurlardan asinan metal partikiiller birikmis
krater sekilde yiizeyde goriilmektedir (Sekil 4b).
Aym1  zamanda 1,5 m/dk hadde hizinda
haddelenmis numune hem adhezif hem de plastik
akma (plastic yielding) igermektedir ve bunun
sonucu asirt adhezif asinma (severe adhesion)
meydana gelmistir (Sekil 4a). Tane smurlarinin
yogunlugu arttikca araylizey enerjisinin artigi
olmaktadir ve bu tiir yapilar asir1 adhezif asinmaya
daha yatkindir [13]. Gevrek malzemelerde adhezif
olmus yiizeyde kopma yerine kayma bantlart
olusmaktadir bu durumda ise malzemeden daha
¢ok ylizey hasar1 veya metal ayrilmas: olmaktadir
[14-16].

4.0x10*
3.5x10-
3.0x10%+
: 2.5x10 1
2.0x10-
€ 1.5x10*
1.0x104
5.0x10°
0.0

3.705E-4

m

2.278198E-4
1

m3/N

1.7208E-4

c1 c2 c3
Sekil 3. Asinma hizlarinin karsilastirmasi

plastik
deformasyon

-

Sekil 4. Asinmis yiizeylerden elde edilen SEM mikroskop resimleri (a) C1, (b) C2 ve (c) C3

4. SONUCLAR
Mg-2,5Al-1,0Sn-0,3Mn-0,4La-1,33Gd Mg alagiminin

yiiksek sicaklik aginma davranisinin hadde hizina
bagh farkli sekilde tepki verdigi goriilmiistiir.
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Diisiik hadde hizinda ikizlenme baskin daha sert
yap1 aginma sirasinda daha fazla metal kaybina
ugramigtir. Buna ragmen yiikksek hadde hizinda
olusan yeniden kristallesen taneler daha yumusak
bir yap1 kazandirmak suretiyle ikincil fazlarin
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matriksde daha kolay karigmasina ve yiiksek
sicaklikta aginma direngli bir yiizey olusmasina
neden olmugstur. Plastik deformasyon tiirii aginma
mekanizmas1 yumusak matriksde metal kaybini
azaltmak ve sonu¢ olarak daha yiiksek hadde

hizinda haddelenen numunede

asmma orani

azalmustir.

5.
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Oz

Kar amaci giiden her isletmenin varolus sebebi maksimum faydayla faaliyet gostermektir. Maksimum
fayda saglama yolunda stratejik kararlar 6nemlidir. Bu kararlar isletmeleri uzun dénemde etkiler ve hata
yapilirsa biiyiik maliyetler olusabilir. Stratejik kararlardan biri tesis yeri secimidir. Tesis yeri yatirimi
karar vericilerin hedefleri dogrultusunda karli sonu¢lanmalidir. Calismada Ark Pres Emniyet Kemerleri
A.S. icin tesis yeri secimi problemi ele alinmustir. Isletmedeki karar vericilerin Kriterlerin 6nem
diizeylerinin tek bir kararda olmamasi problemi karmasiklastirmistir. Coziimde Cok Kriterli Karar Verme
tekniklerinden Bulamik Analitik Hiyerarsi Prosesi (BAHP) ve Bulanik Cok Kriterli Optimizasyon ve
Uzlagik Co6ziim (Bulanik VIKOR) yontemleri uygulanmigtir. Bulanik AHP ile karar vericilerin
degerlendirmeleri dogrultusunda kriterler agirliklandirilmig, Bulanik VIKOR ile bu agirliklar kullanilarak
alternatifler siralanmis ve se¢im yapilmigtir. Calismada ana kriter agirliklarindan en 6nemlisi maliyet, alt
kriter agirliklarindan en 6nemlisi is¢ilik maliyetleri olarak belirlenmistir. Uygulama sonucunda isletmenin
tesis yeri bes alternatif arasindan en uygun olan Kocaeli - Arslanbey Organize Sanayi Bolgesi secilmistir.

Anahtar Kelimeler: Tesis yeri se¢imi, Cok kriterli karar verme yontemleri, Bulanik AHP, Bulanmk
VIKOR

Facility Location Selection with Integrated Fuzzy AHP and Fuzzy VIKOR
Methods

Abstract

The reason for the existence of every profit-oriented business is to operate with maximum benefit.
Strategic decisions are essential in achieving maximum benefit. These decisions affect companies in the

“Sorumlu yazar (Corresponding author ): Beyza TERME, beyza.terme@ogr.sakarya.edu.tr
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long run, and if companies make mistakes, high costs can occur. One of the strategic decisions is the
choice of facility location. The facility location investment should result in a profitable outcome in line
with the goals of the decision-makers. In this study, the facility location selection problem of Ark Pres
Safety Belts A.S. Company is discussed. The fact that decision-makers in the business do not make a
single decision at the criteria's importance levels has complicated problems. “Fuzzy Analytical Hierarchy
Process (FAHP)” and “Fuzzy Multi-Criteria Optimization and Compromise Solution (VIKOR)” methods
are applied for the solution. With Fuzzy AHP, the criteria are weighted in line with the evaluations of the
decision-makers, and with Fuzzy VIKOR, the alternatives are listed, and selection is made using these
weights. In the study, the cost is set as the most critical weight of the main criterion, and labor cost is set
as the most important of the sub-criteria weights. As a result of the application, Kocaeli - Arslanbey
Organized Industrial Zone is chosen as the most suitable facility location of the enterprise among the five
alternatives.

Keywords: Facility location selection, Multi-criteria decision making methods, Fuzzy AHP, Fuzzy

VIKOR
1. GiRiS onemlilerinden biri tesis yeri se¢imidir. Bu karar
uzun siireli 6zellik gosteren stratejik bir yatirim
karart1 olup isletmenin rekabet giiciine etki
etmektedir. Yer secimi karar vericiler i¢in fazla

Tesis yeri igletmenin yasamasi ve gelismesi icin
zorunlu bir hayat alamidir. Uygun tesis yeri se¢imi
giiniimiizde yeni bir kurulusun faaliyetlerini  sayida kriter bulundurmasi ve birbirleriyle iliskili
baslatabilmesi ve  maksimum  fayda ile ve iliskisiz bu kriterler arasinda uzlagma
gerceklestirebilmesi i¢in en temel ve zaruri  gerektirmesi sebebiyle karmagik bir karar verme

meselelerdendir. Tesis yeri se¢imi ticari agidan
Onem arz etmesinin yani sira; gelir dagilimi,
bolgelerin gelismiglik farklari, gevresel etmenler
ve tesvik tedbirleri, kiimelenmeden kaynakli
olusabilecek  digsalliklar  gibi  boyutlar1 da
kapsamaktadir.

Her sektorde oldugu gibi otomotiv sektdriinde de
giinden gline artan rekabette 06ne gecen
isletmelerin, miisteri talep ve gereksinimlerini
aninda ve tam olarak karsilamasi amaci tesis yeri
se¢imini 6nemli bir konu haline getirmektedir.

Ark Pres, 1973’te Statik Emniyet Kemeri tretimi
ile sektore adim atmustir. Kisa zaman iginde
otomotiv sektoriinde tercih edilen bir konuma
ulasmigtir.  Daima  gelisim  gOstermeyi  ve
miisterilerinin gelecek doénemdeki ihtiyaglarini
onceden saptayarak karsilamay1 prensip olarak
goren Ark Pres, bu disinceyle ARGE
uygulamalarina Oncelik vererek Tiirkiye’de ilk
otomatik geri sancili emniyet kemerini imal eden
firma olmustur. Pazarda paymi Dbilyiitmeyi
hedefleyen Ark Pres icin stratejik kararlarin en
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stirecidir. Karar verme durumunda karar vericiler
en uygun yerin se¢iminde bu Kriterleri goz 6ntinde
bulundurarak alternatifleri bu kriterler
dogrultusunda degerlendirmektedirler. Yani, bu
secim kolay ve tek tarafli tanimlanabilir degildir.
Tesis igin en uygun yerin se¢imi konusunda karar
verebilmek amaciyla dogrusal programlama,
finansal yontemler, simiilasyon yontemi Vvb.
metotlar ile hiyerarsiyi dikkate alan ¢ok Kriterli
karar verme (CKKYV) tekniklerinden Analitik
Hiyerarsi Prosesi (AHP), Ideal Coziime Benzerlik
Bakimindan  Siralama  Performanst  Teknigi
(TOPSIS), Bulanik TOPSIS, Bulamik AHP vb.
yontemler 6rnek verilebilir [1].

Bu ¢alismada CKKV tekniklerini kullanarak ideal
sonuca ulasilmaya calisiimistir.

2. COK KRITERLI KARAR
VERME YONTEMLERI
2.1. AHP

Thomas L. Saaty 1977 yilinda ilk olarak CKKV
tekniklerinden olan AHP teknigini Onermistir.
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AHP karar alirken karar verici bireyin ya da karar
verici grubunun onceliklerine dikkat ederek nitel
ve nicel degiskenlerin birlikte degerlendirilmesini
saglayan matematiksel yontemdir [2]. Bireyleri
verecek olduklar1 kararlarda teknik kullanmaya
zorlamak yerine her bireyin kendi karar verme
mekanizmasini tanimasina imkan saglayarak daha
iyi karar vermelerini amag edinmektedir [3]. AHP
teknigi CKKV  problemlerinde tek basina
kullanilabildigi gibi diger tekniklerle birlikte de
kullanilabilmektedir. Bu  kullanimin  oldugu
problemlerde AHP teknigi sonucu elde edilen
agirliklar beraberinde kullanildigi teknige girdi
saglamaktadir. AHP tekniginde sistemi etkiledigi
diistiniilen faktorler hiyerarsik diizende belirtilir.
Alternatiflerin degerlendirilmesi amaciyla
hiyerarsik diizendeki her bir seviyenin elemanlar
ikili ~ karsilastirilir.  Elde  edilen  veriler
dogrultusunda alternatiflerin puanlar1 hesaplanir
[4]. AHP teknigi, ikili karsilastirma esnasinda
olusan belirsizlik ve kararsizlik durumlarina karsi
yetersiz  kalmasiyla elestirilmektedir [5]. Bu
sebeple, Bulanik AHP tekniginin kullanilmasinin
karar verme siirecindeki belirsizlikleri ortadan
kaldirmas:  sebebiyle daha uygun olacagim
gostermektedir.

Bulanik AHP  bulanik iliski kavramimn ikili
karsilastirma  kavramiyla  birlestirilmesi  ile
olusmustur. Geleneksel AHP teknigi yerine
kullaniminin  6nerilmesinde dilsel yaklasgim ile
karar vericilerin gosterdikleri tutumlari hesaba
katmasidir  [6]. Insani  diisiinme  tarzim
yansitmayan ve Keskin degerlerin kullanildigit AHP
tekniginden farkli olarak Bulanik AHP tekniginde

karsilagtirma  oranlar1  bir deger araliginda
gosterilmektedir [7].

2.2. TOPSIS

Hwang ve Yoon tarafindan 1981 yilinda
gelistirilen, uygulamas1 ve anlasilmas1 kolay bir
yontem  olan  TOPSIS  teknigi CKKV
problemlerinde sikga kullanilan tekniklerden

biridir. TOPSIS tekniginin temeli pozitif ideal
¢oziime en yakin ve negatif ideal ¢oziimden en
uzak en uygun ¢oziimii belirlemektir. Mesafelerin
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¢ift yonlii olmasi yalnizca maksimize edilmesi
gereken durumlart degil minimize edilmesi
gereken durumlar1 da g6z 6niine alarak en uygun
¢oziimiin belirlenmesini saglar [8]. Gergek hayat
problemlerinde degerlendirmede sayisal degerlerin
yetersizligi ve insan yargilarinin  belirsizlik
icermesi nedeniyle TOPSIS yontemi bulanik
verilerin  kullanilabilecegi sekilde gelistirilmigtir

[9].

Hwang ve Yoon’un gelistirdigi Bulamk TOPSIS
yontemi Chen ve Hwang tarafindan gelistirilen
modeli  referans  alarak  sozel  belirsizlik
durumlarinda ve grup olarak karar vermenin
gerekli oldugu problemlerde kullanilmak iizere
ortaya konulmustur. Karar verici grubu Kriterleri
ve alternatifleri sozel olarak degerlendirir.
Teknigin  temelinde karar verici  grubunun
alternatifleri degerlendirmeye yonelik kullandiklari
kriterlerin  agirliklarinin  farkli  olmast  vardir.
Degerlendirmelerin iiggen ya da yamuk bulanik
sayllara  donistiiriilmesiyle  alternatiflere  ait
yakinlik  katsayilar1  hesaplanir.  Yakinlik
katsayilarina gore alternatiflerin siralanmasi islemi
gerceklestirilir [10].

2.3. VIKOR

Opricovic tarafindan 0One
problemlerinde uygulanan VIKOR yontemi,
alternatiflerin  birbirleriyle  ¢elisen  kriterler
dogrultusunda siralanmasiyla en uygun olaninin
secimine dayanmaktadir [11]. Siralama yapilirken
alternatiflerin en iyi ¢6ziim olan pozitif ideal
¢oziime gore yakinliklari dikkate alinir. Diger
CKKV tekniklerinde oldugu gibi VIKOR
tekniginde de kriter agirliklarmin kesin bilindigi
varsayimi bulunmaktadir. Gergek hayat
problemlerinde kesin veriye ulagsmanin gii¢ olusu
ve insan kararlarinin muglak olusu sayisal degerler
ile  degerlendirme yapmayr zor bir hale
getirmektedir. Bireylerin belirsizlik ve kararsizlik
durumlarim ¢6ziime Kkatabilmek amaciyla dilsel
degerlendirmeler kullanilmaktadir [12]. Bu amag
dogrultusunda  bulanik  VIKOR  tekniginin
kullanimi uygundur.

siriilen ve CKKV
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Bulanik VIKOR, bulantk mantigin  VIKOR
yontemiyle bilesimidir. Dilsel degerlendirmeler
dogrultusunda en iyi ve uzlastirict ¢6ziime
ulagsmada sistematik ve rasyonel siiregler sunan bir
tekniktir.

2.4. PROMETHEE

Jean-Pierre Brans tarafindan ortaya konulmus olan
teknik, problemin ¢oziimii ig¢in belirlenen kriterler
dogrultusunda en uygun alternatifi se¢gmek
amaciyla kullamilan CKKV tekniklerinden biridir.
Cok kriterli problemleri ¢ozerken etkili olmasi ve
kolay bir teknik olmasi dolayisiyla sik¢a
kullanilmaktadir. PROMETHEE teknigi basit, agik
ve dengelidir. PROMETHEE tekniginde CKKV
problemlerinde yer alan alternatifleri belirlenen
kriterler dogrultusunda ikili karsilagtinr ve
siralama islemini gergeklestirir. Siralama islemini
yaparken tercih fonksiyonlart kullanilir [13].
PROMETHEE tekniginin belirli derece dogrulugu
olan, sayisal verileri kullanmasi dolayisiyla olugan
eksikligi gidermek amaciyla bulanik sayilarla
gosterilen verileri de ¢o6ziime katabilmek igin
bulanik PROMETHEE teknigi kullanilmaktadir.

Bulanik PROMETHEE, 1998 yilinda L¢ Teno ve
Mareschal tarafindan ortaya atilmistir. Bulamk
PROMETHEE teknigi bulanik sayilar ile
PROMETHEE tekniginin bilesimidir. Teknikte
alternatiflerin performanslarimin hesaplanmasinda
bulanik sayilar kullanilmaktadir. Buna karsilik
karar vericilerin tercihleri bulanik degildir.

2.5. DEMATEL

DEMATEL yonteminde Kriterlerin - dncelikleri,
kriterlerin diger kriterler {izerindeki etkilerinin
siddetini ortaya koyarak hesaplanmaktadir [14].
DEMATEL yontemi sistemin  bilegenlerinin
arasindaki yapi ve iligkileri inceleyen etkili bir
yontemdir. Segilen kriterleri iligkilerin ttri ile
birbirlerine olan etkilerinin  6nemi ydniinden
oncelik siralamasina uygun diizenleyebilmektedir.
Kriterler arasindan digerleri tizerindeki etkisi daha
yiksek olan ve onceliginin oldugu varsayilan
kriterler sebep kriterleri seklinde isimlendirilirken
etki daha diisiik olan ve oOnceliginin de disiik
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oldugu varsayilan kriterler sonug kriterleri seklinde
isimlendirilmektedir [15].

Gelismekte olan olaylar iizerinde karmasik
yapidaki etki altinda kalan ve etki altina alan
faktorleri  belirlemek  amaciyla  kullanilan

DEMATEL yo6ntemi, temelde karmasik yapida
olan neden sonug iligkilerini gorsel bir hale
getirerek anlam ifade eden sonuglara ulagmay1
hedeflemektedir. Ancak s6z konusu iliskilerde
etmenler arasinda olan etkilesimin derecesini
belirlemek fazlasiyla giictiir. Ciinkii etmenler
arasinda olan etkilesimin nicel sckilde ifadesi
fazlasiyla zor olmaktadir. Bu sebeple, DEMATEL
yontemi Lin ve Wu tarafindan bulanik yaklagimla
da ele alinmustir [16].

2.6. SWARA

SWARA, kriter agirhiklandirma  yontemleri
arasinda kullanilir ve Tirk¢ede “Adim Adim
Agirlik  Degerlendirme  Analizi”  seklinde

tanimlanir [17]. Uzman odakli yontem seklinde
bilinmesinin sebebi, temelinde kriter agirliklart
belirlenirken kriterlerin 6nem oranlarma yonelik
uzman fikirlerini tahmin edebilme yeteneginin
olmasidir. Aymi zamanda yontem, uzman
bilgilerinin elde edilmesi ve bir araya toplanmasi
agisindan Onem tagir [18]. SWARA yonteminin
kriterlere  ait agirliklarin  6nceden  bilindigi
durumlarda uygun goriilmesinin sebebi dogrudan
kriterler ~ ve  oncelikleri ile ilgili  karar
verebilmesidir [19].

Bulankk  SWARA, SWARA
karsilagtirmalarin  yapilmasi esnasinda bulanik
ifadelerin  kullanildigi bir yontemdir. Bulanik
SWARA yontemi, Kkarar verilirken birtakim
etkenler olmasi ve zorluklarin yasanmasi sebebiyle
karmagik hale gelen degerlendirmenin etkili ve
gercek diizeye yakin bigimde uygulanmasina
imkan sunmaktadir. YOntem, c¢evresel Ve
ekonomik duyarhiliga sahip degerlendiricilere
kendi onceliklerini segmelerinde hak tanimaktadir.
Zolfani ve Saparauskas SWARA’da diger
yontemlere nazaran degerlendiricilerin 6neminin
daha ytiksek oldugunu belirtmislerdir.

metodunda
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Cizelge 1. CKKV tekniklerinin tesis yeri se¢cimi problemlerinde kullanildigi ¢alismalardan 6zet
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Metot
Yazar Ad (Yil) Caliymamin Yapildig Sektor o 2 % E );6‘)
< |2 |8 |2 |8
Hong ve Xiahua (2011) [20] Lojistik °
Tzeng ve ark. (2002) [21] Gida °
Aktas ve Demirel (2021) [22] Mobilya o ° °
Akyiiz ve Kiling (2016) [23] Saglik o
Soba (2013) [24] Bankacilik ° °
Yavuz ve Deveci, (2014) [25] AVM o o
Yiicel ve Ulutag (2009) [26] Lojistik [
Akyiiz ve Soba (2013) [27] Tekstil °
Balkan (2020) [28] Enerji °
Ar ve ark. (2014) [29] Otelcilik o o
Inag ve Arikan (2020) [30] Geri Déniisiim o!
Kaya (2020) [31] Sivil Savunma o2
o : Ilgili calismada siitunda bulunan teknigin kullanildigmi gsterir.
o : Ilgili caligmada siitunda bulunan teknigin bulanik versiyonunun kullanildigim gosterir.
o' : DEMATEL, ANP, MP o2 : PROMETHEE

3. YONTEM

Yapilan literatiir arastirmasi sonucunda Ark Pres
Emniyet Kemerleri A. $. Tesis yeri se¢imi
probleminin ¢dziimiinde Bulanik AHP ve Bulanik
VIKOR  tekniklerinin  kullanilmasma  karar
verilmigtir.

Tesis yeri se¢cimi problemlerinde karar vericiler,
kesin ya da belirli olmayan bilgileri de g6z 6niinde
bulundurmak durumunda kalmaktadir. Kesin ya da
belirli olmayan bilgilerin ¢oziim asamasina
katmanin yontemlerinden biri dilsel
degerlendirmeleri tercih etmektir. Bulanik AHP-
VIKOR yo6ntemi, bulantk mantik yaklagiminda
AHP yontemi yardimiyla kriter agirliklarinin
hesaplanmasi ve VIKOR yontemi yardimiyla
alternatiflerin  siralamasmin yapilmas1 amaciyla

Literatiir arastirmasi1 sonucunda Bulamk AHP-
VIKOR yontemlerinin biitiinlesik  kullanimina
iliskin imalat sektoriinde yapilmis simirli sayida
calisma bulunmaktadir. Bu sebeple ¢alismanin
literatiire katki saglayacagi diisiinilmiistiir.

3.1. Bulanik Kiime Teorisi

Bulanik kiime teorisi 1965°te Zadeh tarafindan
bireylerin karar vermelerinde tutumlarindaki
muglaklik ve siibjektiflikleri ¢6zmek ic¢in karar
verme siirecinde dilsel degiskenleri ifade etmek
amaciyla ortaya konulmustur [32]. Nicel ifadede
giglilk yasanan durumlarin kolaylikla ifade
edilmesinde dilsel degiskenler bulanik sayilara
dontstirilir ve ¢oziimlemeye olanak saglar [33].
Bulanik iiyelik fonksiyonlarinin iiggensel, yamuk,
gauss tipi gibi tiirleri bulunmakla birlikte bu
calismada Ttiggensel bulanik sayilarin kullanimi

kulwlanllan. uygulafnadlf S Yontem, dilsel tercih edilmistir. Uggensel bulanik sayilar, bulanik
degerlendirmeler g6z oniinde bulundurularak 1 57¢ bir tici olup. iic adet K 1
kiiterlerin =~ ikili  karsilagurmalar  ile o O DI Tl OWUP, ¢ &CEt gereek sayly'a

- .. . stlag 8 tanimlanmaktadir. Uggensel bulanik sayilari ifade
degerlendirilmesi ve aguliklarmin - gqerken (I m,u) parametreleri  kullanthr.  Bu

hesaplanmasinda en iyi ve uzlastirici ¢oziimi
bulmada rasyonel ve sistematik siiregler
saglamaktadir. Literatiirde tesis yeri se¢imi igin

siklikla ~ kullanilan VIKOR  y6nteminin  bu
caligmada da uygun ¢Oziime  gotiirecegi
saptanmistir.
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parametreler en kiigiik olasi, en olas1 ve en biiyiik
olas1 degeri gosterecek sekilde siralanmustir [34].
Sekil 1°de gosterilen ve A = (I, m,u) olarak ifade
edilen tiggensel bulanik saymin iiyelik fonksiyonu
(Esitlik 1) ifadesi seklinde tanimlanir.
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ui(x)

0 . » R
! m u

Sekil 1. Ucgensel bulanik say1

I( U x<lveyax>u
x-1
= I<x<
ORI )
= m<x<u
m-u

| parametresi alt, u parametresi {ist ve m
parametresi ise A bulanik sayisimn orta degerini
gostermektedir. Tki bulanik iiggen say1 (4;ve 4,)

icin temel islemlerden bazilar1 esitliklerde
(Esitlik 2-6) gosterilmektedir [32].

A +A=(1)H3my+my3u+uy) (2)
A'1 - K2=(11'u2;m1 RIS '12) 3)
A'1 X ;‘;2:(11 Jy;mymysu;uy) (4)
K /A= (L. m.u

RyR= () (5)
Alo(L. 1.1

Al _(u1 ’my ’]1) (6)

3.2. Bulamk AHP- Bulamk VIKOR Yoéntem
Adimlan

Bu yontemde izlenen adimlar asagidaki gibidir.

Adim 1: k adet karar vericinin bulundugu bir grup
olusturulur, ¢alismada kullanilacak Kriterler ve
secilecek alternatifler belirlenir. n adet alternatife
iliskin p adet degerlendirme kriteri ele alinir.

Adim 2: Olusturulan karar verici gurubunun
kriterleri ve alternatifleri degerlendirmesi amaciyla
dilsel degiskenler ve bulanik sayilar tanimlanir. Bu
dogrultuda olusturulan cizelgeden karar
vericilerden her birinin kriterleri ve alternatifleri
degerlendirmesi istenir.
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Dilsel degiskenler ve bulanik say1 karsiliklari igin
kullanilan Cizelge 2 ve Cizelge 3 Kaya ve
Kahraman'a ait yenilenebilir enerji planlamasi
calismasindan alinmistir [35].
Cizelge 2. Kriter  agirliklar bulanik
degerlendirme sayilari

i¢in

Dilsel degiskenler Bulanik say1
Kesinlikle Yiiksek (KY) (2;5/2; 3)
Cok Yiiksek (CY) (3/2; 2;5/2)
Oldukga Yiiksek (OY) (1; 3/2;2)
Az Yiiksek (AY) (1;1; 32)
Esit (E) (1;1;1)
Az Diisiik (AD) (2/3;1; 1)
Oldukga Diisiik (OD) (1/2; 2/3; 1)
Cok Diisiik (CD) (2/5; 1/2;2/3)
Kesinlikle Diisiik (KD) (1/3; 2/5;1/2)

Cizelge 3. Alternatifler i¢in bulanik degerlendirme

sayilari

Dilsel degiskenler Bulanik say1
Cok Kotii (CK) 0;0;1)
Kotii (K) 0; 1;3)
Orta Kotii (OK) (1;3;5)
Orta (O) (3;5;7)
Orta Iyi (O1) (5,7;9)
Iyi () (7; 9; 10)
Cok 1yi (CI) (9; 10; 10)

Adim 3: Her bir karar vericinin yapmis oldugu
degerlendirmeler birlestirilir ve bu dogrultuda ana
kriterlere ve ana kriterlerin her birine ait alt
kriterlere iliskin bitiinlestirilmis bulanik agirliklari
(Esitlik 7) esitligine gore hesaplanir. vT/jk,j kriterine
k’ninct uzmanin verdigi 6nem puanini temsil
etmektedir.

Wy = =@} + &7 + -+ @yk] @
Bulanik AHP’nin ikili karsilastirma matrisi bu
adim  basitlestirmek ve  kriter  agirliklarini
hesaplamak i¢in kullanilir. Kriter agirliklarinin
hesaplanmasinda Chang tarafindan  O6nerilen
mertebe analizi yaklagim kullanilir ve buna iliskin
adimlar su sekildedir [36].

¢j = {c1, 5 ¢, ) Kriter seti ne M; (j= 1,2,....p)
bulanik iiggen sayilar1 olarak kabul edilsin.
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M, > M, ’nin olasilik degeri icin bulamk sentetik
mertebe degeri, (Esitlik 8) esitligine gore
hesaplanir.

§=v 27:11‘71;' X [Z:zl leﬁj]_l (8)

Kriterlerin  karsilastrma matrisi kare matris
oldugundan n=p seklinde ifade edilecektir.
M,'nin M, den biiyiikk olma olasiligi (Esitlik 9)
denklemi ile ifade edilir.

V(Mz P Ml) = SUDyzx (#Ml(x)rﬂMZ(Y)) )
M,ve M, Konveks bulamik sayilar olduklari igin
karsilagtirmalarinda temel bulanik prensip (Esitlik

10) gegerlidir.

V(M, > M,) = hgt(M, n M) = ub,(d)

1, eger my, > my
= . O; eger ll > U, (10)
1-Uz o
(mz—uz)-(my-11) diger

Bu esitlikte yer alan d degeri M, ve M, bulamk
sayllarinin en yiiksek kesisim noktasim ifade
etmektedir. M, ve M, sayilarinin
karsilastirilabilmesi igin V(Mz > Ml) ve V(1\711 =
1\772) degerlerinin  ikisinin  de
gereklidir.

hesaplanmasi

Konveks bir M bulanik sayisinin p adet konveks
Mj (= 1, 2,...,p) bulanik sayisindan biiyiikk olma
olasihigr (Esitlik 11) ve (Esitlik 12), agirlik vektorii
(Esitlik 13) seklinde tanimlanir. Normalize agirlik
vektorii ise esitlik (Esitlik 14) ile ifadesi
kullanilarak elde edilir.

V(M = My, M, ..., M,) = V(i > M,) ve (1 >

M,) ve,...,ve (M > i1,) (11)
min; = V(M > M;)

d'(4) =minV(S; = S,) r=1,2,..pr+ j icin (12)
w' = (d'(Cy), d'(Cy), ...,d'(c,,))T (13)
W = (d(€),d(C), -, d(C,)) (14)
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Adim 4: Karar vericilerin alternatiflere ait
belirlemis olduklar1 degerlerin elde edilmesinde
(Esitlik 15) esitligi kullanilir. J?lk] k’ninc1 karar
vericinin j kriterine bagh olarak i alternatifine
verdigi puani ifade etmektedir.

- 10, - -
Xij =E[xi1j+xi2j+---+x”] (15)
Adim 5: Bulamk karar matrisi islemleri
gerceklestirilir.

[9711 X1z flp]

C|Far o Xy i=12,.0n

b= : : j=12,..,p (16)

lfnl Xnz inp
W= [Wl; Wy, e, VNVp] Jj=12,..p (17)

Adim 6: Bulanik en iyi deger fj*ve bulanik en koti
degerf;™ belirlenir.

f'* = maksifij f;'_ = minifij

f (18)

Adim 7: Alternatiflerin her biri i¢in Kriterlerin
bulanik en iyi degere uzakliklarmin toplam degeri
S; (19) esitligi ile bulanik en koti degere olan
maksimum uzaklik degeri olan R; degeri (20)
esitligi ile hesaplanir.

. P
]‘_

RUAUREDVAGESD) (19)

R; = maks;[w;(f; — %;)/(fi = fi7)] (20)

Adim 8: §*,5~,R*, R ve bi degerleri hesaplanir.

§* = min;S; §™ = maks;S$; (21)
R* = min;R; R~ = maks;R; (22)
~ _ v($i-5" | 1-v)(R;—R")
Qi - 5§+ + R——R* (2§)
Burada S* degeri grubun maksimum faydasini, R*
degeri ise karsit goriistekilerin  minimum
pismanligim gostermektedir. Q; indeksi, grup
faydasinin minimum pismanlik ile
degerlendirilmesiyle  hesaplanir. v degeri,
389
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maksimum grup faydasini saglayan stratejinin
agirligim ifade etmektedir.

Adim 9: Q; iicgensel bulanik say1 durulastirilarak
Q; indeksi hesaplanir. Literatiirde  birgok
durulagtirma  yontemi  bulunmaktadir.  Bu
calismada GMI (Graded Mean Integrated)
yaklagimi  uygulanmustir  [37]. Bu durumda
C = (cy; ¢35 ¢3) bigimindeki iiggen bulanik say1
icin durulastirma iglemi (Esitlik 24) esitligi ile
gerceklestirilir.

c1t4 cy+c3

P(C)=cC= ;

(24)
Adim 10: Alternatifler Q; degerine gore kiigiikten
biiytige olacak sekilde siralanir ve ilgili kosullart
sagladigi test edilir. Kosullarin her ikisini de
saglayan alternatifler arasindan en kiicik Q
degerine sahip olan alternatif en iyi ¢6ziim olarak
segilir.

Kosul 1- Kabul Edilebilir Avantaj: En iyi ilk iki
secenek arasinda goz ardi1 edilemez bir fark
oldugunun ispatlanmasini igermektedir.

4 —Qa=D(Q) (25)
Esitlikte yer alan Q) degeri Q siralamasi
sonrasinda elde edilen listede en iyi ikinci

alternatif iken Qj en iyi alternatifi gostermektedir.
Alternatif sayis1t ise j ile gosterilmek {izere
(Esitlik 26) esitligi kullanilarak hesaplanur.

b@=1/(G-1

Kosul 2- Kabul Edilebilir Istikrar: S ve R indeks
degerlerinin en az bir tanesinde Q) alternatifinin
en iyi segenek olmasi gerekliligidir. Uzlagtirict
¢oziimiin istikrarli oldugunun kaniti ancak bu
sekilde saglanir. Eger QY — Q) < D(Q) ise ve
Kosul 1 saglanmiyorsa bu durumda benzer
uzlastiricr ¢oziimler oldugu sdylenir. Qj, QY... QY
uzlastirici ¢oziimlerinin benzer olmasi nedeniyle
Q) karigtirmali bir stiinliige sahip degildir. Eger
Kosul 2 saglanmiyorsa, QJ Kkarsilagtirmali bir
ustiinliige sahip olmasina karsin istikrarl bir karar
verilemeyecegini gosterir. Q) ve @y ’min bu
nedenler uzlastirict ¢6ziimii de aym olmaktadir.

(26)
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4. UYGULAMA

Tirkiye’deki simirh sayida  emniyet  kemeri
iireticilerinden olan firma, pazarda hem mevcut
konumunu korumak hem de siirdiiriilebilirligini
saglamak i¢in rekabet¢i sartlarin yogun oldugu
ortamda etkin ve dogru kararlar alabilmeli,
rakiplerine kiyasla yeni ortam ve kosullara
kolaylikla uyum saglayabilmeli ve saglamis oldugu
bu stiinligiini diger birgok alanda
stirdiirebilmelidir. Firmanin alacagi dogru ve etkin
kararlar, verimli bir sekilde bilgilerin ve verilerin iyi
bir zamanlama ile degerlendirilmesine bagli olup,
basariy1 da beraberinde getirecektir. Bu dogrultuda
alinan en etkili kararlardan biri tesis yeri segimidir.
Bu tarz karmagik Kkarar verme problemlerinde
CKKYV teknikleri kullanilir.

Problemin ¢oziimii i¢in ydnetim kurulu baskani,
yonetim kurulu baskan yardimcisi, genel miidiir,
genel miidiir yardimcist ve planlama lojistik
miidiiriinden olusan bes kisilik bir karar verici grubu
olusturulmustur. Kriterlerin segiminde literatiirde
yapilan c¢aligmalardan ve Kkarar verici grubundan
bilgi  alimmgstir.  Kriterlerin  belirlenmesinde
oncelikle literatiirde yapilan galigmalarda tesis yeri
se¢iminde sektor ayrt etmeksizin gbéz Oniinde
bulundurulan etmenler incelenmistir. Sonrasinda
firmanin uygun bolgede kurulabilmesi icin gerekli
kriterler ~ karar  verici grubuyla goriisiilerek
belirlenmistir. Sekil 2’de uygulama siirecinin
adimlar1 gosterilmektedir.

Problemin belirlenmesi

V

Alternatiflerin belirlenmesi

\\4

Kriterlerin belirlenmesi

W

Verilerin toplanmasi

i

Bulanik AHP ile kriter agirliklarinin belirlenmesi

Vv

Bulanik VIKOR ile alternatiflerin siralanmasi

Sekil 2. Uygulama siirecinin asamalar1
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4.1. Alternatiflerin Belirlenmesi 4.2. Kriterlerin Belirlenmesi

Tesis yeri alternatifleri karar verici grubuyla
yapilan goriismeler sonucunda yatirima uygun
Ozellikleri  barindiran Bursa DOSB (Al),
Sekerpinar/Gebze/Kocaeli (A2), Arslanbey
OSB/Kocaeli (A3), Golciik/Kocaeli (A4), Bursa
NOSAB (A5) olarak se¢ilmistir.

Kriterlerin belirlenmesinde firmanin tesis yeri
secimi igin Oncelikli olan kriterler 5 ana baslik
altinda toplanmustir.

Tesis Yeri Secimi

Fiziki
Ozellikler

Soyal Etkenler | Kaynaklar ‘ ‘
. g

Sekil 3. Kurulus yeri se¢imi i¢in ana ve alt kriterlerin hiyerarsik yapisi

Cizelge 4. Kriterlerle ilgili literatiir ¢aligmasi
Ana .
Kriterler Alt Kriterler Yapilan Cahsmalar Aciklama
Yang ve Lee (1997) [38], Sektore ait firmanin hammadde gereksinimlerinin ¢evre
Hammaddeye yakinhk (HY) Karabigak ve ark. (2016) [39] firmalardan saglanabilmesi
Tedarikgilere ve Fason Yavuz ve Deveci (2014) [25], Sektore ait firmanin tedarik ve fason tiretim ihtiyaglarinin
iiretime yakinhik (TFUY Emeg ve Akkaya (2018) [40], firmalar tarafindan karslanabilmesi
iiretime yakinhk ( ) Hakim ve Kusumastuti (2018) [41] gevre arafindan karsilanabilmesi
Yavuz ve Deveci (2014) [25],
Ulasim Dey ve ark. (2016) [42], . e el
Miisterilere yakinhik (MY) Emeg ve Akkaya (2018) [40], S;‘:I?;;}'Lgi;iﬁ?lzﬁbm Gstiinligi igin misterilerine
Hakim ve Kusumastuti (2018) [41], ¥
Singh ve ark. (2018) [43]
Akyiiz ve Kiling (2016) [44], L <
Ulasim kolayhigi (UK) Omiirbek ve ark. (2013) [45], ﬁ?zk&%lﬁei::]ﬁrm:?zﬁ]?qa yollara yakinhg1 ve ulagim
Organ ve Tekin (2017) [46] gesttiis
Nakliye maliyetleri (NM) Onel (2014) [47] Sektore ait firmann tedarik zincirindeki nakliye maliyetleri
P . g Boran (2011) [48], Sektoriin ihtiyact kapsaminda isgiiciiniin bulunabilirligi ve
Malivet Isgiicii maliyetleri (IM) Pekkaya ve Bucak (2018) [49] ticret seviyeleri
Y Arazi maliyetleri (AM) Omiirbek ve ark. (2013) [45], Sektore ait firmanmn kurulumunun gergeklesecegi bolgedeki
Y Bucak ve Pekkaya (2018) [49] arazi maliyetleri
Kurulum maliyetleri (KM) Yesilkaya (2018) [50] Sektore ait firmanm kurulum maliyetleri
Sosyal ve kiiltiirel ¢cevre Yavuz ve Deveci (2014) [25], U L
(SKC) Deluka-Tibljas (2011) [51] Sektdre ait firmanin ¢evresinin tutumu
Sosyal . N . Akyiiz ve Soba (2013) [27], Sektdre ait firmanin bulundugu bolgedeki Pazar dagilimi
Etkenler | Vifus yogunlugu (NY) Akyiiz ve Kiling (2016) [44] etkileyen niifusun yogunlugu
Rakip firmalarin konumu Organ ve Tekin (2017) [46], Sektore ait firmanin rakipleriyle arasinda bulunan mesafenin
(RFK) Akyiiz ve Kiling (2016) [44] uygunlugu
P o Onel (2014) [47], Sektoriin ihtiyaci kapsaminda nitelikli iggiictiniin elde
Isgiicii kaynag (IK) Yavuz ve Deveci (2014) [25] edilebilirligi
Kaynaklar Ar ve ark., (2014) [29], Karabigak ve e . ..
Enerji olanaklar (EO) ark. (2016) [39], Onel (2014) [47], S:ké‘l’lf“l ‘\‘I‘e“mliagti"f ultusunda enerji kaynaklarinin
Kobu (2008) [52] gesitiilig Y
Yavuz ve Deveci (2014) [25],
Arazi ve iklim kosullar1 Karabigak ve ark. (2016) [39], Sektore ait firmanin konumunda arazinin yapsi, yiiksekligi,
Fiziki (AIK) Dey ve ark. (2016) [42] nemlilik derecesi, 1s1 farkliliklar1
Ozellikler Hakim ve Kusumastuti (2018) [41]
Biiyiime ve Gelisme . Sektore ait firmanin bulundugu bolgenin biiyiimesine paralel
potansiyeli (BGP) Akyliz ve Kiling (2016) [44] olarak tesisin de biiyiime ve gelisme gdstermesi
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4.3. Problemin Coziimii

Karar verici grubunun yapmis olduklari puanlamalar,
ana kriterlerin ve her bir ana Kkriterin alt kriterinin

bitiinlestirilmis ~ bulamk  agirhig hesaplanarak
birlestirilmigtir. (7) esitligi kullanilarak Cizelge 6’da ana
kriterlerin ~ bulamik  ikili  kargilastrma  matrisi

Cizelge 7°de ulasim kriteri igin alt kriterlerin bulamk
ikili kargilastirma matrisi, Cizelge 8’de maliyet kriteri

kriteri igin alt kriterlerin bulanik ikili karsilagtirma
matrisi, Cizelge 11°de fiziki ozellikler kriteri i¢in alt
kriterlerin bulanik ikili karsilagtirma matrisi sunulan
bulanik agirlik degerlendirme matrisi elde edilmistir.

Kriterlerin  ikili karsilagtirmalar1  ve alternatiflerin
kriterler bazinda puanlanmasinda Cizelge 2 ve
Cizelge 3’te yer alan dilsel degiskenler kullanilmistir.
Karar verici grubundan bir kisinin ana kriterlerin

igin alt kriterlerin bulamk ikili karsilagtirma matrisi, karsllastlrllmam icin yapmis oldugu puanlama
Cizelge 9°da sosyal etkenler igin alt kriterlerin bulamk  Cizelge 5’te sunulmustur.
ikili karsilastirma matrisi, Cizelge 10’da kaynaklar
Cizelge 5. KV1'in ana kriterlerin bulanik ikili karsilastirma puanlar
Ana Kriterler Ulasim Maliyet Sosyal Etkenler Kaynaklar Fiziki Ozellikler
Ulasim 1 AD AY AY AY
Maliyet 1 CY AY oy
Sosyal Etkenler 1 KD oD
Kaynaklar 1 oD
Fiziki Ozellikler 1
Cizelge 6. Ana kriterlerin bulanik ikili karsilagtirma matrisi
Ana Kriterler Ulasim Maliyet Sosyal Etkenler Kaynaklar Fiziki Ozellikler
Ulasim (1,1, 1) (0,80; 1; 1,10) (1,20; 1,50; 2) (1,20; 1,50; 2) (1,20; 1,60; 2,10)
Maliyet (0,91; 1; 1,25) (1,1, 1) (1,50; 2; 2,50) (1,10; 1,40; 1,90) | (1,40;1,70; 2,20)
Sosyal Etkenler | (0,50;0,67; 0,83) | (0,40; 0,50; 0,67) (L1 (0,39; 0,49; 0,67) | (0,59;0,73;0,97)
Kaynaklar (0,50; 0,67, 0,83) (0,53; 0,71; 0,91) (0,30; 0,41, 0,51) (1;1;1) (0,41, 0,51; 0,70)
Fiziki Ozellikler | (0,48; 0,63;0,83) (0,45;059;0,71) | (1,03;1,36;1,69) | (1,43;1,95; 2,46) (1,1, 1)
Cizelge 7. Ulasim Kriteri igin alt kriterlerin bulanik ikili kargilagtirma matrisi
Ulasim HY TFUY MY UK
HY (1,1, 1) (0,93;1,1;13) (1;1;1) (1,08; 1,3; 1,53)
TFUY (0,77,0,91; 1,07) (1;1;1) (0,87; 1; 1,10) (1,13;1,3; 1,6)
MY (0,91;1;1) (0,91; 1; 1,15) (1;1;1) (1;1,2;1,4)
UK (0,65; 0,77; 0,93) (0,63; 0,77, 0,88) (0,71;0,83; 1) (1;1;1)
Cizelge 8. Maliyet kriteri igin alt kriterlerin bulanik ikili kargilagtirma matrisi
Maliyet NM iM AM KM
NM (L1 1) (0,7,0,93; 1) (0,96; 1,30; 1,67) (0,63; 0,9; 1,07)
iM (1;1,07;1,43) (1;1;1) (1,40; 1,90; 2,40) (1,60; 2,1; 2,6)
AM (0,6; 0,77; 1,04) (0,42; 0,53; 0,71) (1,1, 1) (0,57; 0,70; 0,80)
KM (0,94, 1.11; 1,6) (0,38; 0,48; 0,63) (1,25; 1,43; 1,74) L1

Cizelge 9. Sosyal etkenler kriteri i¢in alt kriterlerin

bulanik ikili karsilastirma matrisi

Cizelge 10. Kaynaklar kriteri igin alt kriterlerin

bulanik ikili karsilastirma matrisi
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Sosyal Kaynaklar iK EO
Etkenler SKC NY RFK iK G Ly (0,93; 1,20; 1,60)
EO (0,63; 0,83; 1,07) (1;1;1)
SKC (1151 (0,93;1; 1,10) |(0,44;0,58; 0,70) . . o .
Cizelge 11. Fiziki ozellikler kriteri igin  alt
NY (0,91; 1; 1,07) t:1:1)  |067:086:1,10) kriterlerin bulanik ikili karsilastirma
matrisi
Fiziki Ozellikler AIK BGP
1,43; 1,72; 2,27 1;1,16; 1 1;1;1 -
RFK |(1,43;1,72;2,27)|(0,91; 1,16; 1,50)|  (1;1;1) ALK @1 D) (0,69, 0,80; 1,07)
BGP (0,94; 1,25; 1,44) (1;1;1)
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Cizelge 15. Sosyal etkenler kriteri igin alt
kriterlerin bulanik AHP sonuglar

taklp edilerek Cizelge 12'.177(16 yer alan normalize SI(()SVTI Si=Mi= (IJ: mj; Uj) Wj= d'(Cj)T Wj-: d(Cj)T
kriter agirliklar: belirlenmistir. etkenler
SKC |(0,221;0,277; 0,338) 0,1628 0,1044
. . . NY |(0,240; 0,307, 0,383) 0,3956 0,2538
Clzelge 12. Ana kriterlerin bulanik AHP Sonu_g:larl RFK | (0,311; 0,417; 0,576) 1 0,6417
kit Si= Mi= (1 mj; uj) [Wi= d'@)T| 10
riterler d(cj)T izeloe 16. K Kl Kriteri ici It kriterleri
Ulagim (0,159; 0,240; 0,364)] 09126 | 0,2858 Cizelge 16. Kaynaklar kriteri icin alt kriterlerin
Maliyet (0,175; 0,258; 0,393) 1 03132 bulanik AHP sonuglari
Sosyal ] ] Kaynaklar| Si=Mi= (Ij; mj; uj) | Wj=d'(cj)T |Wj'=d(c))T
etkenler  |(0:085:0.123;0,184))  0,0627 | 0,019 iK | (0,414; 0,545; 0,731) 1 0,6063
Kaynaklar |(0,116; 0,179; 0,266)] 05355 | 0,1677 EO  [(0,348;0,455;0,582) | 0,6492 03937
Fiziki (0,130;0,201; 0,297)| 06819 | 02136 ) o ' o
bzellikler Cizelge 17. Fiziki ozellikler kriteri igin alt
o . . kriterlerin bulanik AHP sonuglar
Cizelge 13. Ulasim kriteri i¢in alt kriterlerin Fiziki . - N -
bulanik AHP sonuglari dzellikder | S7MI= (I mi; uj) W)= d'©)T |Wj'= d(e)T
Ulasim|_Si= Mi= (Ij; mj; uj) | Wj = d'(c)T [Wj' = d(c))T AIK | (0,376, 0,444, 05569) | 05566 0,3576
HMY | (0,222; 0,272; 0,338) 1 0,3167 BGP (0,430; 0,556; 0,673) 1 0,6424
TFUY | (0,209; 0,260; 0,327) 0,8989 0,2847
MY | (0.211:0260:0312) | 0,8792 02784 Ana kriterlerin ve alt kriterlerin bulanik AHP
UK_| (0.166;0,208; 0.261) 0,3704 0.1202 sonuglarinin ardindan ana kriterlerin agirliklart alt
. . S . . kriterlerinin yerel agirliklariyla carpilarak her bir
Cizelge 14. Eﬂ?llyitAhrge” 1(;11n alt kriterlerin - oy yritere  ait genel agirliklar hesaplanmustir.
: _oulamk AN sonuglart ____ Hesaplama sonucunda  kriter  agirliklarinin
Maliyet| Si=Mi= (Ij; mj; uj) | Wj=d'(c))T |Wj'=d(c))T . . o - - .
NM | (0,159 0,240; 0.328) 04327 02257 siralanmig  hali  Sekil 4°teki ¢izgi grafiginde
iM_ | (0,242; 0,353; 0,514) 1 05217 gosterilmektedir.
AM (0,125; 0,174, 0,246) 0,0238 0,0124
KM (0,173, 0,233; 0,344) 0,4604 0,2402
Iscilik maliyetleri
Biiyiime ve gelisme potansiyeli
Isgiicii kaynagi
Hammaddeye yakinlik
Tedarikgilere ve fason iiretime. .
Miisterilere yakinlik
Arazi ve iklim kosullari
Kurulum maliyetleri
Nakliye maliyetleri
Enerji olanaklari
Ulasim kolaylig1
Rakip firmalarin konumu
Niifus yogunlugu
Arazi maliyetleri
Sosyal ve kiiltlirel cevre
0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14 0,16 0,18
Sekil 4. Kriter agirliklart
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Karar verici grubunun alternatiflere yonelik
kriterler bazinda vermis olduklar1 puanlarin (15)
esitligi ~ kullanilarak  biitiinlestirilmis hali
Cizelge 18-19°da verilmistir.

Alternatiflerin bulanik karar matrisinde (Esitlik 18)
esitligi ile hesaplanan bulanik en iyi (fi) ve
bulanik en koti (fj) degerler Cizelge 20 ve
Cizelge 21°de sunulmustur.

Cizelge 18. Alternatiflerin biitiinlestirilmis bulanik karar matrisi

Alternatif HY TFUY MY UK NM iM AM KM
Al (5;6,8,82) |(34,54,72) | (58;76;9 (7;9; 10) (1,6;3,4;54) | (6,6;84;9,6) | (0,4;16;34) | (62;8;9,2)
A2 (8.2,96;10) | (7;88,98) | (5,68,8.2) | (74,9,2,10) | (54,7,4,88) | (6,2,7.,8;838) | (0,6; 1,6;34) | (54;7.2;8,6)
A3 (6,6;86,98) | (58,76,88) | (54,749 | (9,10,10) | (74,9,2;10) | (74,9,98) | (6,2:8;92) |(66;8.2,9.2)
Ad (54;74;88) 1 (58;78;92) | 64,74,9) |(78;94,10) | (54;7,2;86) | (7,8;9/4,;10) | (8,6;98;10) | (7,4;9;9,8)
Ab (5; 7; 8,6) (4,6;6,6;8,2) | (7,8;9,4;10) | (7,8,8;9,8) | (2,8;4,6;6,4) | (7,86;94) | (1.4,28;456) | (4,6;6/4;7,8)
Cizelge 19. Alternatiflerin biitiinlestirilmis bulanik karar matrisi (Cizelge 18 devami)
Alternatif SKC NY RFK iK EO AIK BGP
Al (7,4;9,2; 10) (7,8; 9,4; 10) (3;5;7) (8,2;9,6; 10) | (7,8;9,2;9,8) (54,749 | (474,88
A2 (1,6;3,4;5,4) | (6,6;8,2;92) | (7,8;9,2;9,8) (9; 10; 10) (8,6;9,8;10) | (5/4;7,4,88) | (3,6;54;7,.2)
A3 (5,4, 74,9 (7,4,9,2; 10) | (4,6; 6,6; 8,2) (54,74, 9) (7,8; 9,4; 10) (7; 8,8; 9,8) (7;9; 10)
Ad (5,4;74;9) (4,6; 6,6; 8,4) (4;5,8;7,4) (5;7;8,8) (7,8; 9,4; 10) (7,4;9,2;10) | (2,8;4,6;6,4)
Ab (6,2; 8;9,2) (7,8; 9,4; 10) (3,2; 5; 6,8) (8,2; 9,6; 10) (9; 10; 10) (7;8,8;9,8) | (4,6;6,6; 872
Cizelge 20. Bulanik En iyi (fj") ve bulanik en kétii (fj) degerler
HY TFUY MY UK NM iM AM KM
fj*1(8,2; 9,6; 10)| (7; 8,8; 9,8) |(7,8;9,4; 10)| (9; 10; 10) | (7,4; 9,2; 10) | (7,8; 9,4; 10) | (8,6; 9,8; 10) | (7,4; 9; 9,8)
fi’| (5;6,8;8,2) |(3,4,54,7,2)] (5,6,8;82) |(7;88,;9,8)[(1,6; 3,4, 54)[(6,2;7,8; 8,8)[(0,4; 1,6; 3,4)|(4,6; 6,4, 7,8)
Cizelge 21. Bulanik en iyi (fj*) ve bulanik en kétii (fj") degerler (Cizelge 20 devami)
SKC NY RFK IK EO AIK BGP
fi*| (7,4;9,2;10) | (7,8;9,4;10) | (7,8;9,2;9,8) | (9; 10; 10) (9; 10; 10) (7,4;9,2; 10) (7; 9; 10)
fi'| (1,6;34;54) | (46,6,6;84) (3; 5; 6,8) (5;7;88) | (71,8;9,2;9,8) | (5/4;7/4;88) | (2,8;4,6;6,4)

Her bir alternatif i¢in esitlikler (Esitlik 19-20)

Cizelge 23. S*'S,R", R degerleri

s (0,4977,; 0,3506; 0,3422)
S (0,7201; 0,6797; 0,5549)
R" (0,0905; 0,0841; 0,0817)
R (0,1372; 0,1634; 0,1865)

esitlikleri kullanilarak hesaplanan S; ve R;
degerleri Cizelge 22’de gosterilmektedir.
Cizelge 22. S; ve R; degerleri
Alternatif Si Ri
Al (0,7201; 0,6797; (0,1225; 0,1021;
0,5549) 0,0905)
A2 (0,4977; 0,5531; (0,1111; 0,1634;
0,4981) 0,1634)
A3 (0,4977; 0,3506; (0,1111; 0,0881;
0,3422) 0,1865)
A (0,5401; 0,52509; (0,1372; 0,1372;
0,3993) 0,1372)
A5 (0,5221; 0,5058; (0,0905; 0,0841;
0,4646) 0,0817)

S', S, R', R degerleri (21) ve (22) esitlikleri ile

hesaplanarak Cizelge 23’te gosterilmistir.
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Esitlikler (Esitlik 23) ve (Esitlik 24) kullanilarak
v=0,5 degeri i¢cin hesaplanan bulamk 0Q; ve
durulastirlmis  Q, degerleri Cizelge 24°te
verilmistir.

Cizelge 24. Bitiinlesik  bulamk  AHP-VIKOR

sonuglari
Alternatif ~i Qi Siralama
Al (0,8430; 0,6138; 0,5421) | 0,6401 4
A2 (0,2201; 0,8077; 0,7564) | 0,7012 5
A3 (0,2201; 0,0257; 0,5000) |0,1371 1
A4 (0,5954; 0,6013; 0,3991) | 0,5666 3
A5 (0,0547; 0,2358; 0,2876) | 0,2142 2
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Q; degerlerine gore alternatifler nem derecelerine
gore kiigiikten biiylige dogru siralandiginda
A3<A5<A4<AL<A2 siralamasi elde edilmektedir.
Kosul 1 ve Kosul 2 test edilerek yapilan ¢oziim
kiimesinin belirlenmesi siirecinde ise yalnizca
kosul 2’nin saglandig1 goriilmektedir. Dolayisiyla
A3 ve A5 alternatiflerinin ikisi de uzlastirici
¢oziimlerdir. Tek bir alternatifin tercih edilmesi
gerekirse Q; ve Si degerlerine gore yapilan
siralamada ilk sirada yer almasi gerekgesiyle A3
alternatifi tercih edilmelidir.

5. SONUC VE ONERILER

Isletmenin tesis yeri secimi iiretilebilirligini,
stirdiirtilebilirligini, tedarik zincirini, rakipleriyle
olan durumunu, ¢alisanlarinin sosyal faaliyetlerini,
yeni pazar alanlar1 yaratmak igin faaliyetlerini
yiiksek diizeyde etkiler. Tesis yeri se¢imi stratejik
bir  karardir. Isletmenin  durumunu  uzun
donemlerde etki eder ve hata yapilmasi durumunda
geri doniilmesi glic ve maliyetlidir. Stratejik
Oneminin yani sira yer secimi problemi karar
vericilerin  degerlendirmesinde nitel ve nicel
kriterleri  bir arada bulundurmasi sebebiyle
karmasik nitelikte olup CKKV problemi olarak ele
alinabilir. Bunun yani sira Karar verici grubunun
degerlendirmelerini  kesin  degerlerle  ifade
etmedeki giigligii dilsel degiskenlerle ifade
etmesine sebep olur. Bu giigliigiin asilabilmesi
adma CKKV yontemleri bulanik kiime teorisine
bir arada kullanilmaktadir.

Isletmelerin tesis yerini secerken gbz &niinde
bulundugu kriterler amaglarina gére farklilik
gostermektedir. Bu ¢alismada Ark Pres Emniyet
Kemerleri A. S. icin tesis yeri yatiriminin
yapilacagr konum Bulanik AHP ve Bulanik
VIKOR yontemleri bir arada kullanilarak
secilmigtir. Tesis yeri se¢imi igin elzem oldugu
digiiniilen  kriterlerin  agirliklart ~ belirlenirken
Bulanik AHP yonteminin sunmus oldugu ikili
karsilastirma  matrislerinden  faydalanilmigtir.
Yatirimin  yapilabilecegi  alternatifler  karar
vericilerin  belirlenen  kriterler  dogrultusunda
bulanik degerlendirme sayilarina gore goriisleri

alindiktan sonra  Bulamk VIKOR  ydntemi
vasitastyla  swralanmis  ve  uzlastk  ¢oziime
gidilmistir.
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Bulanik AHP yontemi sonucunda ana kriter olan
maliyetin alt basliklarindan is¢ilik maliyeti Kkriteri
karar vermede en 6nemli paya sahip olmustur. Bu
pay tesis yerinin konumunun isgilik maliyetlerine
etkisindeki 6nemini ortaya ¢ikarmustir. Tesisin
konumu igin 5 adet alternatifin siralanmalar
sonucu Arslanbey OSB (A3) en uygun alternatif
oldugu saptanmustir.

Arslanbey OSB, firetimi igin ihtiyag duydugu
hammaddeyi temin ettigi tedarik¢ilere yakin
konumda  olmasi,  misterilerin isteklerini
karsilayabilmek igin hem d{iretim hem konum
acisindan esneklige sahip olabilecek bir bolge
olmasi, bulundugu ilin sanayi illerinden biri olmasi
sebebiyle is giicii erisilebilirligi, hem caliganlarina
hem miisteri ve tedarik¢ilerine sundugu kolay
ulagim imkani, sosyal alanlara yakinligi sebebiyle
uygun bir ¢6ziim oldugu diistiniilmistiir. 50 yildir
faaliyet gosteren firmanin Kartepe’de yer alip en
yakin alternatifi olan Arslanbey OSB’nin se¢ilmis
olmasi, hem c¢alisma agisindan hem de Kkarar
vericilerin etkinligi agisindan dogru bir karar
oldugunu goéstermektedir.

Ileride yapilacak calismalarda tesis yeri secimi
problemi i¢in farkli yontemler kullanilarak
kargilastirmali bir analiz yapilabilir. Benzer gekilde
kullanilan  kriterlerde  ¢esitlilige  gidilerek
kriterlerin sonuca etkisi incelenebilir.
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Abstract

Natural composites have gained importance recently due to increasing environmental factors and
relatively low cost. Although their biodegradability, low density, and high processability, the use of
natural fibers in composite materials as the only reinforcement phase faces with some challenges due to
their disadvantages such as high moisture absorption and low mechanical properties. To overcome these
issues, the natural fibers are generally utilized in composite materials by synthesizing with synthetic
fibers. In this context, jute/epoxy composites have been hybridized with glass fiber layers and nano-silica
particles to improve low mechanical properties, and the contributions of hybridization on mechanical
properties are investigated through performing tensile, bending, and impact tests. Nano-silica particles in
the ratio of 1%, 2%, and 3% by weight have been used in composite production. Three different hybrid
configurations (G1JsG1, J3GaJs, J,G1J2G1J,) are tested as well as pure jute/epoxy and pure glass/epoxy
composites. According to the experimental results, nano-silica additive has a significant effect on both
non-hybrid and hybrid fiber reinforced composites. By using the glass fiber layer on the outer surface, the
highest tensile strength, flexural strength, and impact behavior have been achieved in the G1J6G1 hybrid
configuration.
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Influence of Nano-Silica on The Mechanical Properties of Jute/Glass Fiber Reinforced Epoxy Hybrid Composites

Nano-Silikamn Jut/Cam Elyaf Takviyeli Epoksi Hibrit Kompozitlerin
Mekanik Ozellikleri Uzerindeki EtKkisi
Oz

Dogal kompozitler, artan gevresel faktorler ve nispeten disiik maliyet nedeniyle son zamanlarda 6nem
kazanmistir.  Biyolojik bozunurluklari, disuk yogunluklart ve vyiiksek islenebilirliklerine ragmen,
kompozit malzemelerde tek takviye asamas: olarak dogal liflerin kullaniimasi, yiksek nem emilimi ve
diigiik mekanik ozellikler gibi dezavantajlari nedeniyle bazi zorluklarla kars1 kargiyadir. Bu nedenle dogal
kompozitler genellikle sentetik liflerle sentezlenir. Bu caligmada jut/epoksi kompozitler, cam elyaf
tabakalar1 ve nano-silika parcaciklar: ile hibritlenmis ¢ekme, egilme ve darbe davraniglar: incelenmistir.
Kompozit tiretiminde agirlikca %1, %2 ve %3 oranlarinda nano silika partikulleri kullanilmistir. Ug farkh
hibrit konfigurasyonun (GJ¢Gy, J3Gals, JoG1J,Gi1J,) yani sira saf jlt/epoksi ve saf cam/epoksi
kompozitlerin testleri gerceklestirildi. Deneysel sonuclar nano-silika katkist hem saf hem de hibrit
kompozitler Gzerinde 6nemli etkiye sahip oldugunu gostermistir. Dis yuzeyde cam elyaf tabakas:
kullanilarak olusturulan G1J6G1 hibrit konfiglirasyonu en iyi gerilme mukavemeti, egilme mukavemeti

ve darbe toklugunu vermistir.

Anahtar Kelimeler: Jit/cam elyaf, Nano-silika, Hibrit kompozit

1. INTRODUCTION

Natural fiber reinforced polymer composites are
hybrids with both natural fiber and polymer
properties. Because of their inactive and heat-
resistant  properties, phenol or melamine-
formaldehyde resins reinforced with wood or
cotton fiber were developed at the beginning of the
20th century and used in insulating electrical
applications. One of the recent developments in the
automotive industry is the natural fiber plastic
composites in which natural fibers are beneficially
used due to their specific weight and increase of
ecological regulations. Natural fiber reinforced
composites, such as jute fiber are used on a daily
basis in a variety of industries such as buildings,
electronic devices, sport equipment’s, interior parts
of vehicles and elevators. A growing number of
studies aiming to replace synthetic fibers with
natural ones across a range of engineering
applications is found in the literature [1-8]. Natural
fibers such as hemp, sisal, jute, cotton, flax, and
broom are commonly used to strengthen polymers
such as polyolefins, polystyrene, and epoxy resins
[9,10].

In comparison to other materials, it has a

comparatively a low elongation at break and high
tensile modulus, jute fiber has become one of the
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popular natural fiber for the reinforcement of
thermoset resins [11]. Compared to synthetic fibers
such as carbon, glass and aramid, jute fibers can
also be provided benefits in terms of cost and
process in the production of composites. However,
their relatively low mechanical properties and
high-water absorption characteristics limit the use
of natural fibers as the only reinforcement phase in
the composite materials. Hybridization of natural
fibers with synthetic ones is a commonly used
technique to overcome these drawbacks in
composites. It is possible to take advantage of
natural fibers in structural applications through the
hybridization of natural fibers with synthetic fibers
[12-16]. For example, the hybridization of carbon
fiber or glass fiber with natural fibers reduces the
drawbacks of composites that are reinforced with
only a natural fiber by providing improvements on
strength and stiffness as well as resistance to water
absorption.

Ashworth et al. [13] investigated the mechanical
and damping properties of carbon, jute and hybrid
carbon/jute fiber-reinforced composites. It was
showed that hybridization with carbon fiber
provided considerable improvements on tensile
strength, modulus, and damping properties of the
jute fiber reinforced composites. Ali et al. [14]
investigated the bending and impact behavior of

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



Ahmet ERKLIG, Omer Yavuz BOZKURT, Wassan Falah AL-TEKREETI

carbon/jute epoxy hybrid composites according to
different jute ratios. The increase in the amount of
jute in the hybrid structure caused a decrease in the
flexural strength and an increase in the damage
surface after the impact. Braga and Magalhaes [15]
hybridized jute fiber with glass fiber to improve the
mechanical properties of jute/epoxy composite.
Two different hybrid configurations were created:
glass/jute epoxy and glass/jute/glass. The addition
of the glass layer into the jute/epoxy composite
increased the impact energy, tensile and bending
strengths of the composite. Rosa et al. [16]
assessed the post-impact deterioration
characteristics of jute/glass hybrid fiber-reinforced
composite laminates. According to the results, the
sudden breakage of jute fibers in glass/jute hybrid
configuration under impact limits their use on the
surface. However, more controllable damage was
observed when jute fiber was used in the hybrid
configuration in the center. The bending and
indentation properties of different pultruded jute
fiber and kenaf fiber/polyester composites and their
hybrid composites with E-glass fiber were
compared by AKkil et al. [17,18] and the damage
modes were monitored using acoustic emission.
Results showed that the addition of glass
reinforcement to the pultruded hybrid composite
appeared to be highly effective in jute fiber
reinforced laminates, but not comparable results in
kenaf fiber laminates. Ramesh et al. [19]
investigated the mechanical properties of glass
fiber epoxy hybrid composites reinforced with jute
and sisal fibers. According to the results, sisal fiber
reinforcement increased the tensile strength of the
hybrid composite compared to the jute fiber
reinforcement, but the jute reinforcement increased
the flexural strength of the hybrid composite. The
effect of glass hybridization and the layering
sequence effect on the tensile, bending and
interlaminar shear properties of jute-glass fiber
hybrid composites were investigated by Ahmed
and Vijayarangan [20]. According to the results,
hybridization of jute fiber composites with glass
fiber significantly increased the mechanical
properties and adding an outermost layer of glass
fiber layer to the jute fiber composite showed the
best mechanical properties. Rafiquazzaman et al.
[21] investigated the tensile, flexural, and Charpy
impact properties of chopped glass fiber and
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woven jute fabric reinforced epoxy matrix
composite material. Hybrid composite production
was carried out by hand lay-up method and two
different proportions of the chopped glass fiber
layer were considered. Accordingly, it was stated
that if the optimum amount of jute fabric
reinforcement was settled into the cropped glass
fiber, the cost could be reduced without loss of
strength.

The mechanical properties of composites are
influenced by the interfacial bond between the
reinforcing fiber and the resin. To eliminate the
disadvantages of natural composites such as jute
fibers, hybrid structures are formed with synthetic
fibers such as glass fiber. However, due to the
differences between the mechanical properties of
the fibers, separation between the layers and a
decrease in the mechanical properties can be seen.
Therefore, nano-sized particles can be added to the
resin to increase the mechanical properties of
composite materials. In this way, both the
mechanical properties of the matrix are improved
and the bond between the layers is strengthened.
Nanoparticles such as nano-silica and nano-clay
are widely used in polymer matrix composites due
to their low cost [22]. Afrouzian et al. [23] sought
the effects of nano-silica particles on flexural,
tensile, and quasi-static penetration properties of
glass/epoxy composites. They reported that nano-
silica particles were affecting the tensile, flexural,
and energy absorption capacity of the glass/epoxy
composites. Kallagunta and Tate [24] modified
epoxy resin with 10 wt.% nano-silica to investigate
the low-velocity impact behaviour of glass/epoxy
composites under different impact energies. They
reported that compared to unmodified composites,
the nanoparticle modification resulted with high
peak forces, also with rising impact forces, the
density of failure mechanisms from matrix failure
to fiber failure increases. Uddin and Sun [25]
reported that adding 15% by weight of silica
nanoparticles into epoxy resin (Nanopox F 400)
increased the elastic modulus of unidirectional e-
glass  fiber-reinforced composites in  the
compression test. Also, this ratio of nano-silica
additive slightly increased the tensile strength in
the direction of the fiber.
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Jute fiber and glass fiber are the well-known fiber
types in the literature due to their widespread uses
in various hybrid composite materials and the
reinforcement of these hybrid composite with
different nanoparticle additives have been widely
investigated in the literature. However, the studies
related with jute/glass hybrid fiber composites
reinforced with nano-silica has not been
encountered in the literature. The main aim of this
study is to examine the effects of nano-silica
particles on jute fiber, glass fiber, and hybrid
glass/jute epoxy composites. The epoxy matrix was
modified with 1%, 2%, and 3% by weight of nano-
silica particles. Furthermore, three different hybrid

structures  were investigated:  jute/glass/jute
(J5G,J3), glass/jute/glass (G1JsG),
jute/glass/jute/glass/jute  (J,G1J,G1Jy).  Tensile,

three-point bending and Charpy impact tests were
performed.

2. MATERIALS AND METHODS
2.1. Materials

Nano-silica was supplied from Grafen Chemical
Industries, Turkey with 99.5% high purity, 15 nm
average particle size, 300 m?/g specific surface
area, and 0.05 g/cm® bulk density. The plain weave
jute fabric having 311 g/m? areal density was
supplied by the local market in Gaziantep, Turkey.
Plain weave E-glass fabric with 200 g/m’ areal
density, Epikote MGS LR160 epoxy resin and
Epikote MGS LH160 hardener were bought from
DOST Kimya, Turkey. Jute fabrics were treated by
NaOH solutions with concentrations of 1% at 25°C
for 2 hours. The fabrics were further cleaned with
water including acetic acid to eliminate the sodium
hydroxide. Lastly, the fibers were cleaned again
with fresh water and dried at 60°C for 24 hr. until
completely dry.

2.2. Production of Composite Laminates

Eight-layer non-hybrid and their 1 wt.%, 2 wt.%,
and 3 wt.% of nano-silica particle filled jute/epoxy
(Jg), glass/epoxy (Gg) composites were prepared as
the reference samples Hybrid fiber reinforced
composites in  three  different  stacking
configurations  (G1JeG1,  J3Gol;,  J.G1J2G1dy)
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containing 2 wt.% of nano-silica particles were
also prepared as eight-layered.

Fabrics were cut in 300 mm x 250 mm dimensions.
The mixing ratio of epoxy (EPIKOTE MGS
LR160) and hardener (EPIKOTE MGS LH160)
was used as 100:25+2 by weight following the
instructions found on the boxes of epoxy and
hardener. Epoxy resin and nano-silica particles
were firstly mixed with a mechanical stirrer at 650
rpm constant speed for 20 minutes. After that, a
hardener was added to the mixture and mixed with
the same speed for 5 minutes to get a homogeneous
mixture. Composite samples were laminated using
a hand layup method and cured in a hot press under
0.4 MPa pressure at 80°C for 1 hour. Then
composite laminates left for cooling under
pressure. Table 1 shows the stacking
configurations and thicknesses of the relevant
composites. The test coupons were removed from
the laminates using a CNC router according to the
dimensions mentioned in ASTM standards. ASTM
D790-10 [26], 1SO 179/92 [27] and ASTM D638-
10 [28] were used for flexural, impact and tensile
tests, respectively.

Table 1. Composite configurations and thicknesses

Laminate - . .
Codes Configuration Thickness
6 |[ILTITLLT]| 6mm
s | NI | I | 64 mm
16 | I I I | o4 mm

2.3. Determination of Mechanical Properties

The tensile and flexural strength characteristics of
the composite samples were measured at room
temperature using the AG-X series Shimadzu
universal testing machine with a 300kN capacity
(Kyoto, Japan). Tensile test specimens were
prepared in a dog bone shape with a gauge length
of 50 mm and flexural test specimens were in
200 mm x 12.7 mm with a span to thickness ratio
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of 32:1. The thickness of tensile, flexural, and
impact specimens was changed depending on the
type and number of layers (glass or jute) that were
used to fabricate the laminates and variation of
nano-silica content. The crosshead speed was 3
mm/min for a test of flexural and 2 mm/min for a
test of tensile. Koger 3/70 Charpy impact test
machine was used for the low-velocity impact tests
in which specimens having 55 mm x10 mm
dimensions were employed. Five samples were
tested for each composite configuration, and
averages of them were presented.

3. RESULTS AND DISCUSSION
3.1. Tensile Test Results

The stress-strain curves for the tensile tests of non-
hybrid (glass/epoxy and jute/epoxy) composites
reinforced with varying weight ratios of nano-silica
particles are presented in Figure 1. It is seen that
the addition of nano-silica particles obviously
affects the tensile strength and strain up to the
failure of both glass/epoxy and jute/epoxy
composites. An increase in tensile strength values
is achieved with the incorporation of nano-silica
particles to pure non-hybrid jute/epoxy composites.
In contrast, except the incorporation of 1 wt.%
nano-silica, decreases in tensile strength values is
obtained with the inclusion of nano-silica to
glass/epoxy composites. The inclusion of nano-
silica particles has led to a reduction in tensile
failure strain of glass/epoxy composites. Except the
2 wt.% nano-silica, the addition of nano-silica
particles to jute/epoxy composites has also
exhibited a similar decrement trend in tensile
failure strain of jute/epoxy composites. Fig. 2
shows the average tensile strength values of non-
hybrid (glass/epoxy and jute/epoxy) composites
with different amounts of nano-silica particles.
Compared to their pure mates, the highest
enhancement in tensile strength is obtained as
76.6% for jute/epoxy composites and 16.3% for
glass/epoxy composites with the incorporation of 2
wt% and 1 wt% nano-silica particles,
respectively. The improvement in tensile strength
with the inclusion of nano-silica particles were
ascribed to good interfacial bonding between the
epoxy and nano-silica particles [29, 30]. This
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interfacial bonding provides an extra load carrying
capability with the transfer of load from lower
strength epoxy to the much higher strength nano-
silica particles. Cohesion between nano-silica
particles could lead to agglomeration resulting in
stress concentrations between epoxy and nano-
silica particles. This is thought to be reason of the
decrements in tensile strength of both glass/epoxy
and jute/epoxy composites with the inclusion of
nano-silica particles at higher amounts [31].

300 [

250 "7 ——Pure Glass

—G8 1% ns
T G82%ms

—G8 3%ns

200

150
Pure Jute

J8 1% ns
—1J82%ns

__ —I83%ns

100

Tensile Stress (MPa)

50 f--

0

0 0.01 0.02 0.03 0.04 0.05
Strain (mm/mm)

Figure 1. Tensile stress-strain curves of the
jute/glass fiber epoxy composite.

3.2. Tensile Test Results of the Jute/Glass
Hybrid Configurations

The jute/epoxy composites are exhibited very low
tensile properties compared to glass/epoxy ones
and the highest improvement has been achieved
with the inclusion of 2 wt.% nano-silica particles.
This jute/epoxy configuration is selected for the
further improvement of mechanical properties
through hybridization with glass fiber. In this
context, symmetrical configurations have been
prepared with the replacement of 2 jute fabric
layers from the different places of stacking
sequence by the glass fabrics. Tensile strength
variations of the jute/glass epoxy hybrid
configurations with 2 wt.% nano-silica content is
shown in Figure 3. The tensile strength results
showed that the best configuration is G;J¢G; with a
value of 92.00 MPa compared to that of jute/epoxy
laminate 2 wt.% nano-silica (Jg 2% ns). The
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significant increase in the tensile strength of the
G1JsG; hybrid composite is ascribed to stiffer and
stronger structure of glass fiber compared to jute
fiber [6]. Hybrid structures in which glass fabrics
are substituted in inner layers (J3G,Js, J,G1J,G1Js)
exhibited a tensile strength of 74.02MPa and
76.85MPa, slightly increasing compared to the
tensile strength of 2% nano-silica filled jute/epoxy
laminate by weight.

All samples shown in Figure 4 have mostly
displayed crack and fiber pull-out as the failure
mechanism. When the applied tensile load
increases, the specimens are separated into two
parts where the break starts with matrix cracking,
then fiber breakage and separation of jute/glass
layers start from the interface surface.

300 [ -mmmmmm e

250 |--gmmmnn--

200 f-B--oo---

150 f-B------- ---- wGlass

100 F-B-- - ____ mJute

50 F-P------

Tensile Strength (MPa)

0

Nanosilica % weight

Figure 2. Variation of tensile strength according
to nano-silica content

120 [rmmmmmmmmm oo
2100 fommmm e
% 80 f-mmmmmmmem e e T
E:

5 60 (-
=}
w
2 40 -
]
B0 -
0
18 GI6G1 BG3  NGIRGIR
Figure 3. Variation of tensile strength of the

jute/glass hybrid configurations with
2wt.%.
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3.3. Flexural Result of Jute/epoxy and

Glass/epoxy Composite Plates

The force-displacement curves for the flexural tests
of non-hybrid (glass/epoxy and jute/epoxy)
composites reinforced with varying weight ratios
of nano-silica particles are presented in Figure 5. It
is seen that the addition of nano-silica particles
negatively affects the deflections of both
glass/epoxy and jute/epoxy composites. Flexural
strength and flexural modulus values were
calculated according to ASTM D-790-10 standard.
Figure 5 shows the flexural strength and modulus
of jute/epoxy and glass/epoxy composites with
respect to nano-silica loadings. The increase in
nano-silica ratio has a significant effect on
jute/epoxy composites. However, the addition of
nano-silica particles has a negative effect on the
glass/epoxy composites. The flexural strength of
pure glass/epoxy is exhibited a decrease from
238.01 MPa to 202.08 MPa at 1 wt.% nano-silica
content. It is thought that agglomeration of nano-
silica particles, which may cause the weak
interaction between nano-silica and epoxy matrix,
the formation of stress condensation zones and thus
the initiation of cracks, leads to a reduction in the
flexural strength of the composite [24]. The highest
flexural strength is 110.38 MPa with jute/epoxy at
2 wt.% particle content. There is an increasing
trend in flexural strength of jute/epoxy composites
up to 2 wt% nano-silica loading, and the
maximum improvement has been obtained as
96.42% compared to neat jute/epoxy composites. A
decline in flexural strength is viewed with the
further nano-silica substitution. This showed that
the chemical compatibility and adhesion strength
between the nano-silica particles and the
jute/epoxy are optimal in this content. The
inclusion of nano-silica particles has also provided
a similar trend for the flexural modulus and the
maximum  flexural modulus for jute/epoxy
composites is obtained with 2 wt.% nano-silica
amount which presents an increase of 53.3%. On
the other hand, the flexural strength and modulus
of glass/epoxy composites show a different trend
that decreasing with the inclusion of 1 and 2 wt.%
nano-silica. The improvement in flexural modulus
and flexural strength is only seen for the 3 wt.%
nano-silica additive.
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3.4. Flexural Test Results of the Jute/Glass
Hybrid Configurations

A flexural test result of jute/epoxy composite is
lower than glass/epoxy composite. Glass layers
have been used to improve the strength of
jute/epoxy composites. Symmetric configurations
have been prepared by replacing 2 jute fabric
layers from the different places of stacking
sequence with glass fabrics. G1JsG1, J3G,J3, and
J,G1J,G1J, hybrid configurations having 2 wt.%
nano-silica content are taken into consideration.

Flexural strength and modulus variation of the
jute/glass hybrid configurations specimens with 2
wt.% nano-silica content is shown in Figure 6. A

substantial improvement in the strength of the
material has been achieved by adding glass layers
to the jute/epoxy composite. The G1JsG; hybrid
configuration has provided the maximum
improvement with 176.67 MPa and 8.56 GPa
flexural strength and modulus, respectively. In this
configuration, the glass layers are outermost and
jute is in the middle. The increase in flexural
strength of the G.J¢G; hybrid composite can be
attributed to the stiffer structure of glass fiber
which becomes more effective at outer layers [6].
The use of glass fabrics at inner layers (J;G,Js,
J,G1J,G1J, configurations) has provided lower
flexural properties than the jute/epoxy composites
(Jg 2 wt.% nano-silica).
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Figure 6. (a) Flexural strength and (b) Flexural modulus variation of the jute/glass hybrid configurations

specimens with 2 wt.% nano-silica content

Fracture surfaces of the jute/epoxy and glass/epoxy
composites after the three-point bending test are
seen in Figure 7. A brittle crack due to jute fiber
properties is observed in samples that only jute
fibers are used as the fiber reinforcement. Fiber
shrinkage has not observed in samples consisting
only of glass fiber layers, due to the strength and
rigidity of glass fibers [2]. No delamination has
been observed between the jute fiber and glass
fiber layers in hybrid configurations, and the
fracture mode is with little or no fiber stripping.
This may be because glass fibers have greater
extensibility than jute fibers [20]. However, failure
mode indicates breakage and less pulling of the
fibers.
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3.5. Impact Result

The Charpy impact test has been performed to
measure the absorbed impact energy for
jute/glass/epoxy composites. The impact toughness
values for the impacted specimens are presented in
Figure 8. The impact toughness of jute/epoxy and
glass/epoxy composites has gradually increased by
the addition of nano-silica particles and the highest
impact toughness is obtained at 2 wt.% nano-silica
content. Further addition of nano-silica has led to
reduction in impact toughness of the composite test
samples.
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Impact toughness variation of the jute/glass hybrid compared to that of jute/epoxy laminate J8 2 wt.%
configurations specimens with 2 wt.% nano-silica ns that glass layer location in middle and jute in the
content is shown in Figure 9. The best laminate is  outer layer.

JsGyJ; with impact toughness 43 kJ/m? when

Brittle crack Fiber breakage and small

amount of delamination

Delamination hetween
glass and jute layers

Fiber breakage and
delamination between
glass and jute layers Fiber breakage and small
amount of delamination

Figure 7. Flexural specimens after the three-point bending test
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Figure 8. Variation of impact toughness of Figure 9. Variation of Impact Toughness of the
composites Jute/Glass Hybrid Configurations with

2wt.% nano-silica
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4. CONCLUSION

In the present work, mechanical properties of
glass/epoxy, jute/epoxy, and glass/jute/epoxy
hybrid composite laminates were investigated with
different weight ratios of nano-silica particles. The
main conclusions from this study can be explained
as:

e When hybrid configurations were inspected,
the highest tensile strength was obtained from
the GJ¢G; hybrid configuration where glass
layers are in out and jute layers in middle with
a value of 92.01 MPa. 37.31% increase was
obtained when compared with jute/epoxy
having 2 wt.% nano-silica content.

e The maximum improvement in flexural
strength was obtained as 96.42% for jute/epoxy
composite at 2 wt.% by weight particle content.

e When hybrid configurations were inspected,
the highest flexural strength was obtained from
the G1JsG; configuration where glass layers are
in outer and jute layers are at middle with a
37% increase was obtained when it's compared
with jute/epoxy having 2 wt.% nano-silica
content.

e When hybrid configurations were inspected,
the highest impact energy was obtained from
the J3G,J; hybrid composite configuration
where glass layers are in the middle and jute
layers are in the outer. A 270% increase was
obtained when compared with jute/epoxy
having 2 wt.% nano-silica content.

e Placing glass fiber as a layer on the outer

surface will be sufficient to increase the
mechanical properties of  jute/epoxy
composites.
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Oz

Sehirlerin hizli nlfus artisina uydu kentler, fabrikalar, Gniversite kampusleri ve aligveris merkezleri gibi
O6nemli mihendislik yapilarinin hizmete girmesi 6nemli sebeplerdendir. Adiyaman ilinin gelisim
sirekliligine de 2006 yihinda kurulan Adiyaman Universitesi 6nemli bir sebep olmustur. Gelen yeni
nifusun konut ihtiyaci 0Oniversite kampisu civari tarim arazilerinde, yapilasmaya izin verilerek
karsilanmistir. Calisma alanindaki en kiigiik ve en yiiksek tasima giicii degerleri sirasiyla 14,5 t / m? ve
18,9 t / m? dir. Tasima giicii haritas: NetCad programiyla sahanin 1/20000 6lgekli topografik haritasina,
derinligi 1,5-4 metre arasinda degisen zemin tagima giici degerleri islenerek cizilmistir. Cizilen bu harita
yardimiyla parsel bazinda zemin arastirmas: yapilmayan bélgelerin de zemin tasima glicli degerleri
hesaplanabilir.

Anahtar Kelimeler: NetCad, Zemin tasima giicl haritasi, Altinsehir

The Creation of Soil Bearing Capacity Maps: Altinsehir (Adiyaman) Example
Title

Abstract

One of the important reasons for the rapid population growth of cities is that important engineering
structures such as factories, university campuses, satellite cities and shopping centers are put into
service. Adiyaman University, which was established in 2006, has been an important reason for the
development continuity of Adiyaman city. The housing needs of the new incoming population were met
by allowing construction in the agricultural lands around the university campus. The smallest and
highest bearing capacity values in the study area are 14.5 t / m? and 18.9 t / m? respectively. The
bearing capacity map was drawn with the NetCad program on the 1/20000 scale topographic map of the
site, by processing soil bearing capacity values varying between 1.5 and 4 meters in depth. With the
help of this map, the soil bearing capacity values of the regions where soil surveys are not made on the
basis of parcels can be calculated.

Keywords: NetCad, Soil bearing capacity map, Altingehir
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Zemin Tagima Giicii Haritalarn:n Olusturulmas:: Altinsehir (Ad:yaman) Ornegi

1. GIRIS

Inceleme alam, Giineydogu Anadolu Bélgesinin
Orta Firat béliminde yer alir ve kabaca Firat nehri
ile Guneydogu Toroslar: dag silsilesi arasinda Orta
Firat Boliminin kuzey kesimini olusturur.
Adiyaman, bu bélimde yer alan Giineydogu
Anadolu Bolgesindeki orta buyiklikte bir sehirdir.
Butlin sehirlerimizde oldugu gibi kdyden kente
gocun etkisiyle nifusu artmis, 06zellikle 2006
yihnda Adiyaman Universitesi’nin kurulmas ile
daha da hizlanan bu artisa cevap verme amaciyla
yeni yerlesim alanlari imara acilmistir. imara
acilan bu alanlarin yapilasmadan once genel ve
parsel bazinda zemin etiit raporlarinin hazirlanmasi
ve bu raporlar 1siginda yapilarin projelendirilmesi
zorunlu olmustur.

1.1. Bolgenin Zemin Turl

Neojen ddneminde birikmis tortullardan olusan
Adiyaman  havzasi  senklinal  bir  havza
gorinimindedir. Kéhta, Ziyaret ve Goksu dereleri
Firat Nehri’nin 6nemli kollarindan olup bu havzaya
tortullar: biriktirmislerdir [1]. Tasima glict haritas:
cizilecek olan Adiyaman’in Altingehir yerlesim
alani, Glneydogu Toroslar kusaginin kuzey
kenarinda yer alir. Bolgede &zellikle sedimanter
birimler genis yayihm gostermekle birlikte,

asinmig ve parcalanmis magmatik ve metamorfik
kayaclar da bulunmaktadir (Sekil 1).

-
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Cokelme havzasindaki bu birimlerin en yashsi
Mesozoyik doéneme ait olup, kismen havza
tabaninda genis olarak da daglik alandaki bindirme
kusaginda mostra vermektedir. Bolgedeki Eosen
yash kivrimli antiklinal Kiregtaslar: asinan Pliyo-
Kuvaterner depolarinda veya faylh sahalarda
bulunmaktadir. Pliyo-Kuvaterner dolgular: taban
arazisini tamamen doldurmustur, allivyonlar ise
vadi tabani ve seki sistemlerinde c¢okelmiglerdir

[1].

inceleme alamnda en genis yayihma sahip jeolojik
birim Kuvaterner dolgularidir. Cogunlukla kirintili
tortullardan olusan bu dolgular konglomeralar,
kumtaglari ve siltli zeminlerden olusur. Bu
birimlerde ¢imentolanma olmamakla birlikte
yiuksek  bir sikihk  derecesine  sahiptirler.
Kalinliklari ~ onlarca  metre  olabilmektedir.
Adiyaman Universitesi Kiilliyesi’nin de yer aldig:
ve asil ¢aligma alani olan Altingehir yerlesim
alamin1 da gri renkli silt, kumtas1 ile yer yer
cakiltas1 olan guincel tortul zeminler kaplamaktadir
(Sekil 2).

Sekil 2. Adiyaman universitesi giriside yiksek
sikiliktaki siltli zemin katman

1.2. Zeminlerin Tasima Guicl

Temel, yapinin agirhgint zemine aktaran yapinin
bir parcasidir. Zemin (zerine insa edilen tim
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yapilarin sabit ve hareketli yikleri temellerle
zemine aktirthr. Bir temel, uygun yap: ile onu
destekleyen zemin arasinda bir baglanti kurar.
Temel zeminin tasima kapasitesi muhendislik
yapilarn icin ana tasarnm olcusudir. Insaat
muhendisliginde iki zemin tagima glicti kavrami
vardir. Bunlardan simr tasima guci, temel
altindaki zeminin gé¢cme olusturmamas: gereken
maksimum temas basincidir. Emin tasima gic
ise, sinir tasima gucuniin bir givenlik sayisina
bélinmesi ile elde edilen ve mihendislik
yapilarimin  tasarim  hesaplarinda  kullanilan
degerdir.

Herhangi bir mihendislik tasariminin insasinin
projelendirilmesinde zeminin tasima guci ¢ok
O6nemli bir faktordir. Tasima guciinin mihendislik
yapisinin projelendirilmesinde uygun kullaniimasi,
yapinin dinamik ve statik yukler altinda zeminin
yenilmeye, gécmeye ugramadan guvenle insasin
saglar [2]. Bir mihendislik yapisi temelinin kendi
agirhigr ve kullanimi surecindeki sabit ve hareketli
yuklere kargi dayanimi zeminin tasima glctlne
baghdir [3].

Herhangi bir yapimn inga edilme sirecinde
kapsamli bir zemin aragtirmas: igin, konusunda
uzman bir ekibe, yorucu, masrafli ve zaman alic
bir cahsmaya ihtiyac duyulur. Sehirlerdeki
yerlesim alanlarimin  hizla  genislemesi  bu
zorluklar: daha da arttirmistir.  Kisaca jeoteknik
arastirma denilen bu zorluklarin Ustesinden
gelmek, zemin arastirma sonuclarinin daha
Onceden kestirilebilmesine baglhdur.

Zeminlerin  tasima glcl, arazide standart
penetrasyon (SPT), konik penetrasyon (CPT),
presiyometre deneyleriyle veya laboratuvarda
Orselenmemis numunelerin ilgili deney
sonuglarindan elde edilen mihendislik ve fiziksel
Ozelliklerin tasima gici bagintilarinda kullanilip
hesaplanmasiyla elde edilir [4,5].

Zeminlerin tasima gucl, zeminlerin kohezyonuna,
sirtinme agilarina, doygunluk derecelerine, kuru
ve doygun birim agirliklarina, yeralt: su seviyesi
gibi cesitli faktorlere baghdir [6]. Bu faktorlerle
cesitli bagintilar kullanihip tagima giict katsayilar:

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

Mehmet SOYLEMEZ

elde edilir [6,7]. Zeminlerin bu tur 6zelliklerinin
farklihg: tasima giictini oldukga etkiler [7,8].

Zemin tagima gicl ile mihendislik yapisinin
depremlerden zarar gérmemesi icin uygun temel
tipi ve tlrt, temel derinligi se¢imi, tahmin
edilebilir [7]. Bir bolgedeki zeminin bazi
lokasyonlarinda hesaplanan tagima glicii degerleri
yardimiyla cizilen haritalardan, heniiz tasima guicl
degerleri Olgilmemis alanlara ait bu degerler
tahmin edilebilir [9].

Zeminlerin tasima gucu hesaplamalarinda hangi
yontemlerin kullanilacagin1 dnceden tahmin etme
ve arastirmalar sonucu hesaplanan degerin
dogrulugunun test edilmesi énemli bir mihendislik
gereksinimidir. Bu makale, ¢ahsilan bolge icin bu
mihendislik gereksinimini karsilamanin hizli bir
yoéntemini 6nermektedir.

2. CALISMA YONTEMI

Turkiye’de 1950 yihinda 20947188 olan toplam
nifusun % 25’i kirsal alanlarda % 75’1 ise il ve
ilce merkezlerinde yasamaktayd: [10]. Bu tarihten
itibaren cesitli nedenlerden dolayr kirsal nifus
surekli azalmaya, buna karsin kent nifusu ise
artma egilimine girmistir (Sekil 3 ve Sekil 4).
Sehirlesme nlfusundaki bu artis 1980 yilina kadar
yaklagik sabit oranda artarken bu tarihten sonraki
artis oranmt yikselmis ve 2012 yilinda % 77yi
asmistir.  Gundmizde nifus  dagilimindaki
sehirlesme oram artis hiz1 azalmis olsa da halen
devam etmektedir [11].

90 T
80 T

[T - S
(=] (=] (=] (=] (=}
4 4

Toplam Niifustaki oran (%)
(=)
(=]

=@ K entsel niifus oram (%)

—
o
t

0 t t t t t t t t t i
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Yillar
Sekil 3. Yillara gore kirsal ve kentsel nifusun

toplam nufusa oranlar
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Sekil 4. Turkiye’nin yillara gore kirsal, kentsel ve
toplam nufusu
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Adiyaman merkez ilge de bu artis hizindan payin
almistir. Merkez il¢e niifusu 2000 yilindaki genel

niifus sayimina gore 178538 iken, sehir merkezine
gogln artig1 ve Ozellikle 2006 yilinda Adiyaman
universitesinin kurulmas: sonrasinda bu rakam bu
gun 254695 yikselmistir [12]. Bu hizli nufus artist
yeni yerlesim alanlarimin  agilmasina ve bu
alanlarda hizli bir yapilasmaya sebep olmustur.

Bu nifus artistnin biylk bir kismi Gniversite
killiyesinin de bulundugu Altingehir mahallesinde
olmustur. Heniiz Adiyaman Universitesi’nin
kurulmadigi 2003 yillarinda Altinsehir
mahallesindeki genis tarim arazileri, Universitenin
kurulmasiyla birlikte yapilasmaya acilmig ve hizla
buginki duruma ulasmstir (Sekil 5 ve Sekil 6).

414
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3. NetCad PROGRAMI

Netcad farkli sektor ve kullanicilardan gelebilecek
cok farkli talepleri karsilamak (izere, bircok
mihendislik disiplini icin harita, hesaplama,
raporlama, sunma, analiz gibi talepleri karsilama
ve uygulamaya yonelik tasarlanmig bir programdar.
Program ile yol, kanal ve baraj projeleri, imar
uygulamalari, kamulastirma islemleri, aplikasyon
gibi harita ve ¢izimler yapilabilmektedir. Bu

Mehmet SOYLEMEZ

program sayesinde sayisallastirilan topografik
haritalar Uzerine tagima giicii degerleri islenerek
istenilen  veri  sikhginda  yeni  haritalar
olusturulabilir.

Calismanin is akisi; NetCad programiyla sahanin
sayisallastirilmis  topografik  haritasina  zemin
tasima glcl degerlerinin istenilen aralikta
cizilmesiyle gerceklestirilmistir (Cizelge 1).

Cizelge 1. Tasima giict haritasinin olusturulmasinda ¢alisma programi

Altingehirde yapilms parsel bazli zemin etiit
raporlarina ulagim

1/20000 6lcekli sayisal topgrafik haritaya ulagim

Altingsehir mahallesinde farkli parsellere ait
sondaja dayal yapilan 713 adet zemin etiit raporu
incelenmis ve bu parsellere ait zemin turleri
degerlendirmeye alinarak yapilan deneyler sonucu
bulunan zemin emin tasima giclt degerleri
kullanilmigtir. Bu tasima glicli degerleri 1/20000

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

Zemin etut raporlarindaki
emin tagima giicu degerlerinin 1/20000
olcekli sayisal topografik haritaya
NedCad’te islenmesi

NetCad programiyla es tasima
guict haritasinin gizilesi

Emin tasima glici
haritasi

parsel  haritasinda

Olgekli
(Sekil 7), ilgili parsellere islenerek 0,1 t/m?
araliklarla es tasima gucu egrileri ¢izilmis ve 1

sayisallastirilmig

t/m?* araliginda farkh renklerle gbsterilmistir
(Sekil 8). Bu ¢alisma kendi sahasinda NetCad ile
yapilan ilk tasima glict haritas: olacaktir.
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.

Sekil 7. Altingehir mahallesinin 1/20000 o6lcekli
parsel haritasi

16,5-19,0t/m?
[ 1ss1650m
W osassume

Estasma giicil egrileri

|
# X
Sekil 8. Altingehir mahallesinin 1/20000 olcekli
emin tasima guicu haritas:

4. SONUCLAR VE ONERILER

Altingehir mahallesinde farkli parsellere ait
sondaja dayali yapilan 713 adet zemin etiit raporu
incelenmis ve bu parsellere ait zemin tdrleri
degerlendirmeye alinarak yapilan deneyler sonucu
bulunan zemin emin tasima giclt degerleri
1/20000 d&lcekli topografik haritada ilgili parsellere
islenmistir. Parsellere islenmis bu tasima gic
degerleri NetCad programiyla 0,1 t/m? araliklarla
es tasima glcu egrileri olusturulmustur. Haritaya
islenmis bu egrilerin en dustik degerleri 14,5 t/m?,
en yiiksegi de 18,9 t/m? olarak cizilmistir.
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Bu c¢alismamn, heniz zemin etit raporlan
hazirlanmamis parsellerin, tasima gict degerleri
haritada okunabileceginden, ileride hazirlanacak
zemin ett raporlarina temel teskil edecegi ve
zemin arastirma yontemlerinin seciminde yol
gosterici olacagi umulmaktadir.
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Oz

Bu arastirmada bazalt agregali yap1 malzemesine zeolit ve profillit katkilar: eklenerek performans etkileri
karsilastinlmistir. Malzeme olarak, Adana/Osmaniye bazaltlari, Malatya/Putlrge profillitleri ve Manisa
Gordes zeolitleri kullamlmigtir. Beton deneylerinde Su-gimento oran: sabit tutularak, ana bazalt agrega
oram %80, 75, 70, 65 ile profillit ve zeolit oranlar1 % 0, 5, 10 ve 15 olarak ayarlanmistir. Katkisiz beton
(sadece %80 bazalt) ve 6 farkl regete ile (bazalt+profillit ve bazalt+zeolit) beton Uretilmistir. 28 glinlik
kir bekleme sonucunda beton numuneleri Uzerinde basing dayanimi, egilme dayanim, 1sil iletkenlik ve
kuru y1gin yogunluk deneyleri gerceklestirilmistir. Bu sonuclara gore; %5’lik profillit ve zeolitin basing
ve egilme dayammlarinin en yiksek seviyelerde oldugu saptanmustir. %75 bazalt ve %5 zeolit oraninda
basing dayanimi 27,65 MPa, egilme dayanimi 5,45 MPa, sil iletkenlik degeri 1,21 W/m.K ve kuru yigin
yogunluk 2052 kg/m® olarak saptanmistir. %75 bazalt ve %5 profillit oraninda basing dayanimi
21,65 MPa, egilme dayanimi 5,95 MPa, 1s1l iletkenlik 1,21 W/m.K ve kuru yigin yogunluk 2029 kg/m?
degerinde dlculmis ve malzemenin hafif beton tretiminde kullanilabilecegi belirlenmistir. Dayanikh hafif
beton eldesi icin her iki malzeme (zeolit ve profillit)’nin ayni1 beton recetesinde Kkullaniimasi
Onerilmektedir.

Anahtar kelimeler: Profillit, Bazalt, Dogal zeolit, Yap1 malzemeleri

“Sorumlu yazar (Corresponding author): Nil YAPICI, nyapici@cu.edu.tr
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Comparison of the Physical and Mechanical Properties of Construction Materials
Added Profillite and Zeolite

Abstract

In this study, the performance effects were compared by adding zeolite and profillite additives to the
basalt aggregate building material. Adana/Osmaniye basalts, Malatya/Putiirge profilelites and Manisa
Gordes zeolites were used as materials. In the concrete tests, the cement-water ratio was kept constant and
the main basalt aggregate ratio was adjusted as 80, 75, 70, 65%, and the profiled and zeolite ratios were
set as 0.5, 10, 15%. Concrete without additives (only 80% basalt) and 6 different recipes (basalt+profilite
and basalt+zeolite) were made. After 28 day of curing, compressive strength, flexural strength, thermal
conductivity and dry bulk density tests were performed on the concrete samples. According to the results
of this experiment; compressive and flexural strengths of 5% profilite and zeolite were found to be at the
highest levels. Compressive strength is 27.65 MPa, flexural strength is 5.45 MPa, thermal conductivity is
1.21 W/m.K, and dry bulk density value is 2052 kg/m® at 75% basalt and 5% zeolite ratio. Compressive
strength is 21.65 MPa, flexural strength is 5.95 MPa, thermal conductivity value is 1.21 W/mK and dry
bulk density value is 2029 kg/m® at 75% basalt and 5% profillite ratio of the light weight concrete. In
order to obtain durable lightweight concrete, it would be appropriate to use both materials (zeolite and

profillite) in the same concrete design.

Key Words: Pyrophyllite, Basalt, Natural zeolite, Construction materials

1. GIRIS

Cimento ve betona cesitli mineral katkilarin ilavesi
eskiden beri uygulanmaktadir. Mineral Katkilarin
cimento ve betonda kullamimu ile kolay islenebilme,
dayaniklilikta ve 6zellikle ileri yas dayammda artig-
hidratasyon 1sisinda azahs gibi teknik avantajlara
ilaveten enerjiden tasarrufunda ve dogal kaynaklarin
ve gevrenin korunmasi saglanmakta ve Uriin maliyeti
azalmaktadir [1].

Bu calismada dogal katkilar (zeolit, profillit) ile
yapilan yapir malzemeleri standardize edilmis, test
sonuclar: ele alinmis, uygun katkilar ve tane boyutu
kullanilmasi durumunda hem cimento
kullanimindan tasarruf hem de yap: malzemelerinde
performans artirisi hedeflenmistir. Agrega olarak
bazalt kullamminin  dayanimi  artirdigi, ¢imento
kullanimim azalttig1 be bdylece ekonomik, teknik ve
ekolojik faydalar sagladigi bilinmektedir. Kayacin
dayammu, igerisindeki mineral kompozisyonuna ve
minerallerin dokusal iliskisine dogrudan baghdir. O

yuzden kullanilacak agreganin  kimyasal ve
mineralojik  bilesiminin  detaylandirilmast  ¢ok
onemlidir.

420

Kullanilan katki materyallerinden zeolit ise, yiiksek
oranda SiO, ve Al,O; icerigine sahip bir mineraldir.
Zeolitin dogal mineral katki olarak kullanimimn
sebebi; yuksek iyon degisim kapasitesi, molekdler
elek olma ozelligi, yuksek silis bilesimine sahip
olmasi, disik yogunlugu wve kristal yapisi
bozulmadan dehidratasyona uygunlugudur. Bu
Ozellikler zeoliti diger mineral katkilardan dstiin
kilmaktadir.

Zeolitin  molekiler elek yapida olmas: zeolitin
Ogutilmesini  kolaylastirmakta, 6zgul ylzeyinin
normal portland c¢imentosunun 6zgil ylizeyinden
yuksek olmasi beton iginde bosluklarin azalmasim
saglamaktadir.  Zeolitin  ¢imento’dan  dusuk
yogunluga sahip olmasi, betonun birim agirhgin: da
disurmekte ve normal betona gdre birim agirhg:
daha dustk betonlar elde edilmektedir [2]. Zeolitin
betonun dayanimina katkisi diger puzolonlar ugucu
kil ve silis dumani gibi; Ca(OH), ile girdigi
puzolanik reaksiyon sonucudur. Asil ilgilenilen
nokta bu maddenin puzolanik aktivitesidir [3].

Ender bulunan bir mineral olan profillit ise
(Al,SiO4(OH),) teorik formdiline sahip hidrate
olmus bir Aluminyum Silikattir: Bircok fiziksel
Ozellikleri agisindan talka ¢ok benzemekle birlikte
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ondan dana sert olup yuksek sicakhklarda akiskan
bir durum almaz. Bu nedenle yiksek kaliteli seramik
ve refrakter Urtinleri Uretiminde Onemli bir yer
tutmaktadir [4].

Bu c¢alisma ile, profillit ve zeolitin bazalt agregasi
ile beton performansi arastirilmastir.

2. MATERYAL VE METOD

2.1. Materyal

Deney numunelerinin Uretilmesinde kullanilan
bilesenlerin kimyasal icerikleri, fiziksel dzellikleri
Cizelge 1’ de verilmistir.

Arastirmada baglayici olan PC 42,5 tip ¢imento,
agrega olarak, Kuvaterner yaslh Osmaniye ili
sinirlart icerisinde bulunana Deli Halil tepe ana

Nil YAPICI, Hakan GUNEYL/, Ebubekir MEHMETOGLU

volkan bacasina ait bazalt kayaglar1 kullaniimagtir.
Bazalt  kayaci  olivinli  bazalt  sinifinda
bulunmaktadir (Sekil 1). Profillit, Malatya bdlgesi
hammadde ocagindan, Zeolit, Manisa/Gordes
hammadde ocagindan temin edilmistir. Deneyde
kullanilan su Adana sebeke suyudur. Hazirlanan
beton karigimlar: ve deneyleri; TS EN 1015-11,TS
EN 1015-10,TS EN 1745, TS EN 1015-18’e uygun
olarak yapilmstir [5-8].

Deneyde kullanilan zeolit, bazalt ve profillit XRF
sonuglar C.U. Maden Mihendisligi
Laboratuvarinda  Panalytical marka X-Ray
Fluoresence (XRF) cihazi ile belirlenmis sonuclar
Cizelge 1’de verilmistir. Cimento kimyasal igerigi
Adana Cimento A.S.’den ahnmustir. Adana su
sebekesine bagl igme suyu sebekesinden alinan su
karisim suyu olarak kullanilmastir.

Cizelge 1. Kullanilan bilesenlerin kimyasal ve fiziksel 6zellikleri

e . - . Cimento Bazalt

§ -%2 Bilesen Profillit Zeolit (PC42,5N) Agregast
NS Ozgiil agirhik, g/cm? 2,68 2,23 3,14 2,48
L3 Ozgiil yiizey (Blaine), (cm?/g) - 3900 3269 9501
SiO, 79,20 67,98 19,43 45,57

3 Al,O; 14,52 11,05 5,31 15,60
é Fe,O3 0,18 1,50 3,79 12,57
N CaO 0,28 3,18 64,39 9,23
:9 K,0 0,91 3,20 0,90 1,04
§ SO, <0,5 0,27 2,47 0,12
E‘ Na,O 0,25 0,32 0,09 3,01
¥ MgO 0,11 0,47 2,25 7,10
A K. 2,85 8,10 1,07 0,28

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

421




Profillit ve Zeolit Katk:l: Yap: Malzemelerinin Fiziksel ve Mekanik Ozelliklerinin Karsilast:r:imas:

2.1.1. Tane Boyu Dagihm Ozellikleri

TS EN933 standartina gore agregalarin tane
biyiklugli  dagilimlart  tayin  edilmis  ve
grafiklendirilmistir (Cizelge 2, Sekil 2) [9]..

baglayici roll gostermesi igin  kullanilmisgtir.
Profillitin tane boyu dagilim egrisi Sekil 2’ de
verilmistir. Calismada kullamilan Zeolitin tane
boyu dagilimi ve gizilen tane boyu dagihm egrisi
Cizelge 3 ve Sekil 3* de verilmistir. Zeolitin

puzolanik  aktivite indeksi 28 gun igin
Profillit, 425 mikron alti ince malzeme olarak %74 olarak bulunmustur.
hammaddeye yardimci olarak c¢imento gibi
Cizelge 2. Profillit malzemesi tane blyuklugi dagihim ¢izelgesi
Elek Boyutu (mm) Kim. Kalan (gr) % Kalan % Gegen
1 0 0 100
0,425 0,80 0,02 99,98
0,25 955,40 23,78 76,22
0,125 1076,77 50,56 49,44
0,063 1983,23 99,89 0,11
Ince malzeme igerigi % 0,11
110
100
80
£
-':Eq. 40
g
"
20
10
. 0,01 01
Tane Boyu (mm)
Sekil 2. Profillit malzemesinin tane boyu dagihm egrisi
Cizelge 3. Zeolit malzemesi tane biyukligl dagilimgizelgesi
Elek Boyutu (mm) Kim. Kalan (gr) % Kalan % Gegen
1 0 0 100
0,425 468,8 11,52 88,48
0,250 798,4 15,46 73,02
0,125 584,8 14,32 47,18
0,063 2136 58,40 0,30
Ince malzeme icerigi % 0,3
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] 50 /
8 40
:>§_ 30
20
10 /
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Tane Boyu (mm)

Sekil 3. Zeolit malzemesinin tane boyu dagilim egrisi

Bu deger zeolitin puzolan olarak kullanilabilir Agrega olarak kullanilan bazaltin tane boyu
oldugunu gostermektedir. TS 25 standardina gore dagilimi ve gizilen tane boyu dagilimi egrisi ise
puzolanlarin  6zgul yizey alanlarn en az Cizelge 4 ve Sekil 4’de verilmistir.

3000 cm?gr olmalidur.

Cizelge 4. Bazalt agregasi tane biyuklugi dagilim cizelgesi

Elek Boyutu (mm) Kim. Kalan (gr) % Kalan % Gegen

4 0 0 100

2 17 0,85 99,15

1 171,6 8,58 90,57
0,425 367,2 18,36 72,21
0,25 104,4 5,22 66,99
0,125 248,4 12,42 54,57
0,063 1077,4 53,87 0,70

Ince malzeme icerigi % 0,7
110

100
90 /
80

g
c 170 /
8 60
O 50 y
§ 40 y
S /
/

10

0 P

0,01 0,1 1

Tane Boyu (mm)

Sekil 4. Bazalt agregasinin tane boyu dagihim egrisi
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Her bir har¢ icin standart su/gcimento oram
kullanilmigtir. Hazirlanan harclar TSE
standartlarina uygun bir mikser ile karistirilarak
yine TSE standartlarina uygun 4x4x20 cm hacimli
metal kalhplara iki tabaka halinde doldurulmus ve
uygun sartlarda muhafaza edilmistir. 28 gunlik kiir
siresini tamamlayan deney numuneleri (zerinde
Basing Dayanimi, Egilme Dayanimi, Kuru Yigin
Yogunlugu ve Isil Iletkenlik Deger testleri
yapilmastir,

3. BULGULAR

Calismada profillit ve zeolit katki malzemeleri esas
ahinarak receteler olusturulmus agrega oranlari ve

tane boyutlar farkl: yizdelerle denenmistir. Sahit
ornek ise katkisiz, sadece bazalt agregas: (%80) ve
Cimento 42,5 (%20)’dan elde edilmistir
(Cizelge 5). Tim islemlerde su miktar1 %18 olarak
kullanilmigtir.

Profillit ve bazalt yizdelerine gore hazirlanmis
beton numunelerine ait deney sonug¢ tablosu
Cizelge 5°de, grafik tablolari ise Sekil 5°de
verilmistir.

Cizelge 5 ve Sekil 5°de verilen 28 gunliik basing
dayanmimi sonuglar incelendiginde; profillit katkih
numunelerde %5’e kadar profillit katkisinin basing
dayanimim arttirdig: belirlenmistir.

Cizelge 5. Profillit ve bazalt yiizdelerine gére deney sonug tablosu (28 gunliik)

Profillit Bazalt Basin¢ Dayanimi Egilme Is1l Tletkenlik Kuru Yig.
-425 pum (%) — 4 mm (%) MPa Dayanimi MPa | Degeri W/m.K |Yogunluk kg/m®
0 80 23,35 6,30 1,21 2110
5 75 21,65 5,95 1,21 2029
10 70 18,65 5,25 1,21 2010
15 65 19,40 4,70 1,06 1964
1,25
S g
o S £ 12 d L4
& 15 2 R2=10,6
S T 115
E 10 R?=0,9853 5 .
s st | |2
0 Z 1,05 LJ
0 5 10 15 - 0 5 10 15
Profillit (%) Profillit (%)
2150
= 2100
c
B0
O & 2050 R2=0,937
> )
¢
82 2000
>.
>
5 1950
X 0 5 10 15
Profillit (%)

Sekil 5. Profillit-bazalt deney sonug grafikleri
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Egilme dayanimi profillit %’sine gore en yiksek
deger %5 profillit %75 bazalt katkisi ile
gorilmustar. Isil iletkenlik degerlerinde herhangi
bir yliksek oran degisikligi gdzlenmemistir.

Zeolit ve bazalt agrega karisimi ile hazirlanmis 3
adet farkhh beton numuneleri (zerinde yapilan
deney sonuclar1 Cizelge 6°da grafik tablolar ise
Sekil 6’da verilmistir.

Cizelge 6 ve Sekil 6°de verilen 28 glinlik basing
dayanimi sonuglar1 incelendiginde; zeolit katkil
numunelerde %5’ye kadar zeolit katkisinin basing
dayanimim arttirdig1 daha yiksek miktarda zeolit
katkisinin ise dayanimi sahit numuneye gore
distrdtgu gorulmektedir.

Egilme dayanimi ise zeolit %’sine gore en yiksek
deger %5 zeolit %75 bazalt katkis: ile gorulmustur.

Nil YAPICI, Hakan GUNEYL/, Ebubekir MEHMETOGLU

Isil iletkenlik degerlerinde zeolit katkisi artik¢a
iletkenlik degeri diismustir.

Bu sonuclara gore; %5’ lik profillit ve zeolitin ayrn
recetelerde basing ve egilme ve sl iletkenlik

Ozelliklerinin en yiksek seviyelerde oldugu
gorilmastar.

4, SONUCLAR

Bu calhisma kapsaminda bazalt agregasi

kullamilarak farkli yiizdelerle zeolit ve profillit
katkili beton yapimi gergeklesmistir. Su/Cimento
oram sabit tutularak ana bazalt agrega oran1 %80,
75, 70, 65 ile profillit ve zeolit oranlar1 % 0, 5, 10,
15 olarak ayarlanmigtir. Katkisiz beton (sadece
%80 bazalt) ve 6 farkh regete ile (bazalt+profillit
ve bazalt+zeolit) beton yapilmistir. Her bir regete
3’er kez tekrarlanmustr.

Cizelge 6. Zeolit ve bazalt yizdelerine gore deney sonug tablosu (28 giinlik)

. Basing Dayammi | Egilme Dayamm | Isil fletkenlik |Kuru Yig. Yogunluk
0, 0,
Zeolit (%) | Bazalt (%) (MPa) (MPa) Wim.K kg/m?®
0 80 23,35 6,30 1,21 2110
5 75 27,65 5,45 1,21 2052
10 70 19,40 5,25 1,05 1956
15 65 18,40 4,78 0,965 1902
30 1,3
°
25 Rz = 0,5005 125
T 20 ° § 1,15
2 15 <z 11 R2=10,8976
e =
g 10 § 1,05
2 R?=10,9353 k] 1
Q5 ¢ —e —e = 095
0 T 09
0 5 10 15 0 5 10 15
Zeolit (%) Zeolit (%)
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R?=0,9877

2150
E
2 2100
=
= 2050
>
N
(=]
> 2000
C
Bb
> 1950
2
>
X 1900
1850
0 5

Zeolit (%)

10 15

Sekil 6. Zeolit-bazalt deney sonug grafikleri

28 ginlik kir sonucunda beton numuneleri
Uzerinde basin¢ dayammi, egilme dayammi, 151l
iletkenlik ve kuru yigin yogunluk deneyleri
gerceklesmistir.

Bu sonuclara gore; %5’lik profillit ve zeolitin
basing ve egilme dayammlarinin en yiksek
seviyelerde oldugu gorulmustdr.

%75 bazalt ve %5 zeolit oraninda basing dayanimi
27,65 MPa, egilme dayanimi 5,45 MPa, sil
iletkenlik degeri 1,21 W/m.K ve kuru yigin
yogunluk 2052 kg/m® olarak saptanmustir.

%75 bazalt ve %5 profillit oraninda basing
dayanimi 21,65 MPa, egilme dayanimi 5,95 MPa,
151l iletkenlik 1,21 W/m.K ve kuru yigin yogunluk
2029 kg/m® degerinde dlcilmiis ve malzemenin

hafif beton tretiminde kullanilabilecegi
belirlenmistir.

5. TESEKKUR

Bu makale, Cukurova Universitesi Bilimsel
Arastirma Projeleri Koordinasyon Birimi Proje
No: FBA-2019-11350’lu  Bilimsel Arastirma

Projesinden turetilmistir.
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Oz

Bu ¢alismada, nemlendirme-nem alma (NNA) teknolojisi ¢alisma prensibine dayali guines enerji destekli
ve toprak 1s1 degistiricili bir damitma sistemi ele alinarak sistemin Termodinamigin Il. Yasasina gore
analizleri (Ekserji analizi) yapilmistir. Sistemde, deniz suyu 6nce giines kolektorleri kullanilarak
isitilmakta ve daha sonra nemlendiricide, dis ortamdan alinan havanin nemlendirilmesinde
kullanilmaktadir. Nemi ve sicakligi yukselmis olan hava, nem alictya gonderilerek, toprak 1s1
degistiricisiyle sogutulan suyla yogusturularak damitilmig (temiz) su elde edilmektedir. Cahsmada,
sistemin farkl: deniz suyu ve hava debi oraninda (MR) calisma durumu farkl konfigurasyonlar igin
degerlendirilmistir. Elde edilen sonuclardan, sistemde en fazla tersinmezligin glines kolektérlerinde
meydana geldigi, sistemin ekserji veriminin farklh konfigtrasyonlara gore %5 ile %22 arasinda degistigi
ve MR’nin artmasi ile sistemin ekserji veriminin tim konfigtrasyonlar igin azaldig1 géralmustar.

Anahtar Kelimeler: Damitma, Toprak 151 degistiricisi, Glines enerjisi, EKserji

Investigating the Effect of Sea Water and Air Flow Rate Ratio on the Performance
of a Desalination System with Ground Heat Exchanger

Abstract

In this study, solar energy and ground heat exchanger assisted desalination (distillation) system working
with the principle of humidification-dehumidification (HDH) was considered and analyzes were made
according to the Il. Law of Thermodynamics (Exergy analysis). In the system, sea water is first heated
using solar collectors and then used in the humidifier to humidify the air taken from the outside. The air
with increased humidity and temperature is send to the dehumidifier, and then moisture inside the air
condense with water cooled by a ground heat exchanger to obtain distilled (clean) water. In the study, the
performance of the system was evaluated for different configurations and operating at different seawater
and air flow rate ratios (MR). It has been seen from the results that the most irreversibility in the system
occurs in the solar collectors, the exergy efficiency of the system varies between 5% and 22% according
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to different configurations and exergy efficiency of the system decreased for all configurations with

increasing MR.

Keywords: Desalination, Ground heat exchanger, Solar energy, Exergy

1. GIRIS

GlUnumizde su talebi karsilanabilecek degerlerin
Uzerine c¢ikmaktadir. Bunun temel sebepleri ise;
sehirlesmenin bir sonucu olarak hizl: nifus artisina
bagh olarak orantisiz su kullanimi, evsel atiklar,
blyik oranlarda su tiiketen sanayilesme, bilingsiz
su tiketimi ve temiz suyun Kirletilmesidir.
Devletlerin artan su talepleri ve nihayetinde azalan
temiz su kaynaklari dinyanin c¢ogu yerinde su
kithgin1 beraberinde getirecegi disuntlmektedir
[1]. Oniimizdeki yillarda dogal su dongusiniin
insanhgin ihtiyaclarim karsilayamayacagi
dustintlmektedir. Deniz suyunun temiz suya

donistarildigu damitma sistemlerinin
kullammimin ~ yayginlasmasi;,  bu  sorunun
giderilebilmesi igin Onemli bir etki
yaratabilecektir. Deniz suyu damitma teknolojileri
proses ve enerji  kullanimlan  acisindan
siniflandiriimaktadirlar. Proses acisindan
siniflandirmada membran  ve  destilasyon

yoéntemleri, enerji kullanimlarina gore ise mekanik
enerji (elektrik enerjisi) destekli ve termal enerji
destekli teknolojiler bulunmaktadir. Bu damitma
sistemlerinden en c¢ok kullanilanlar: ters osmoz
(RO), elektrodiyaliz (ED), membran damitma, ¢ok
kademeli flag (MSF), cok etkili damitma (MED),
nemlendirme-nem almadir (NNA/ HDH). NNA
yontemi daha ¢ok kiglk 6lcekli damitma gereken
yerlerde 6n plana cikmaktadir. Bu yontem basitlik,
disiik kurulum ve isletme maliyeti, dislk
sicakliktaki enerjiden faydalanabilme ve kiguk
Olceklerde yiksek verim gibi avantajlari nedeniyle
son yillarda arastirmalara konu olmus ve kullanimi
yayginlasmaya baslamstir [2-3].

Giwa ve arkadaslari [4], literatirdeki NNA
sistemlerinde, yapilan tasarimlari ve sistemlerin
termodinamik  verimliligini incelemiglerdir.
Yazarlar yaptiklar: ¢calismada, NNA teknolojisinin
kiguk olgekli bireysel uygulamalarda cevreci
olmasi agisindan nispeten disuk maliyetli ve
glvenilir bir damitma sistemi oldugunu, ayrca
NNA tesislerinin kapasitelerinin blyutilmesinden
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ziyade, enerji  verimliliginin
seviyelere  cikartabilecek  teknolojiler ile
kullanilmasinin  daha avantajli olacag: ifade
etmislerdir. He ve arkadaslar1 [5], nemli havay:
1sitmak igin dusiik sicakhga sahip atik 1s1 kullanan
bir - NNA  sisteminin  termodinamik  ve
termoekonomik analizini yapmiglardir. Analizlerde
maksimum temiz su Oretimi 289,32 kg/saat ve
maksimum GOR degeri 3,06 olarak bulunmustur.
Calismada atik 151 ile 1sitma yapilan NNA
sisteminin toplam ilk yatinm maliyeti 112550 $
olarak hesaplanmigtir. El-Said ve arkadaslar [6],
nemlendirme ve nem alma teknolojisinin
kullanildigi gines enerjili  bir damita sistemi
tasarlamiglar ve farkli hava debilerinde sistemin
performansini ve gunlik su dretimini Misir'in
Slveys iklim kosullarinda deneysel olarak
incelemiglerdir. Calisma sonucunda yazarlar,
maksimum su dretiminin giinde 6,12 kg oldugunu
ayrica enerji ve ekserji verimlilikleri ile kazang
cikti oranminin sirasiyla %26,73 ve %1,57 ve 1,24
oldugunu belirlemiglerdir. Shalaby ve arkadaslar
[7], asinn tuzlu suyun tuzdan aritilabilmesi icin
hibrit bir gunes enerjili nemlendirme-nem alma
sistemine sahip bir damitma sistemini deneysel
olarak incelemislerdir. Cahsmada yazarlar,
sistemde gunes kolektorlerinde gunes
reflektorinin  kullanilmasinin  glinlik  elektrik
enerjisi  tliketiminde 9%16,5 oraninda tasarruf
saglayabilecegini  tespit edilmislerdir. NNA
damitma sistemlerinde guines enerjisi ile birlikte
farkl teknolojilerin de kullanilabilmektedir. Morad
ve arkadaslari [8], glines enerji destekli
nemlendirme nem almali bir damitma sisteminin
performansini, sistemde vakumlu pompa kullanilip
kullanilmama durumlart igin ele almiglardur.
Yapilan caligma sonunda, sistemin veriminin
vakumlu pompanin  kullanilmas:  durumunda
arttigi, aynica sistemde akis hizinin artmas: ile
uretilen su miktarinin arttigi, Gretilen suyun
maliyetin ise azaldigi gorilmustir. Kargar ve
arkadaslar1 [9], gunes enerji destekli nemlendirme
nem almah bir damitma sisteminde tuzlu suyu
1sitmak icin yuksek 151 transfer katsayisina sahip

daha yiksek
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PHP (pulsating heat pipe) kullanmiglardir. Calisma
sonunda giines kolektori ile birlikte PHP borunun
kullammimin ~ sistem  verimini arttirdigr  tespit
edilmistir.

Bu calisma kapsaminda giines enerjisi destekli
nemlendirme-nem almali bir damitma sistemi ele
alinarak bu tir sistemler igin 6nemli bir parametre
olan deniz suyu-hava debi oranin (MR) sistem
performans:  (zerine  etkisi incelenmistir.
Termodinamigin I1. yasasina gore yapilan analizler
(Ekserji analizi) ile ayrica sistemin farkh
konfigurasyonlarda calisma  durumu da
degerlendirilmistir.

2. MATERYAL VE METOT
2.1. Sistem Tanim

Galismada ele alinan damitma sisteminin genel
gorinust Sekil 1’de verilmistir. Sistem; deniz suyu
depolama tanki, glines kolektor(, 1s1 degistiricileri,
su kulesi (nemlendirici), yogusturucu (nem alici)
ve temiz su depolama tankindan olusmaktadir. 1
noktasinda deniz suyu depolama tankindan g¢ikan
deniz  suyu, 1s1 degistiricisi  I’de  glines
kolektdriinden gelen sicak su (3 noktasi) ile
isitilmakta ve su kulesine (2 noktasi) nemlendirme
islemi igin gonderilmektedir. Is1 degistiricisi 1’de
sicakligi arttirllan deniz suyu su kulesinde fan
vasitasiyla dig ortamdan alinan havanin (6 noktasi)
icine puskdrtilerek havanin  nemlendirilmesi
saglanmaktadir. Su kulesinden ¢ikan deniz suyu (5
noktasi) ardindan 1s1 geri kazanimi ve deniz suyu
tuzluluk oraminin dizenlenmesinde kullaniimak
amaciyla deniz  suyu depolama tankina
gonderilmektedir. Su kulesinden gdnderilen deniz
suyunun deniz  suyu depolama tankindaki
kullantimi  otomatik  kontrol  sistemleri ile
gerceklestirilmektedir. Su kulesinden ¢ikan nemli
hava (7 noktast) 151 degistiricisi 11’ye (nem alici)
gonderilmektedir. Hava icerisindeki nem burada
toprak 151 degistiricisi  kullanilarak  (10—11)
yogusturulmakta (7—8) ve elde edilen temiz su
temiz su depolama tankinda (9 noktasi)
depolanmaktadir. Nem alict ¢ikisinda sistemde
kullanilmis olan hava (8 noktast), ozelliklerine
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(nem ve sicaklik) bagli olarak sistemde tekrar
kullanilabilmektedir. Sistemde kullanilan hava ile
sisteme girecek olan havanin karisim oranlarin ise
otomatik kontrol sistemleri vasitasiyla
ayarlanmaktadir [1,10].

Calismada sistemin (¢ farklh konfiglirasyonda
(A, B, C) calisgma durumu degerlendirilmigtir. A
konfiglrasyonu; hava ve deniz suyunun kullanim
sonunda atmosfere verildigi agik sistem, B
konfigirasyonu; hava kapali (sistemde tekrar
degerlendiriliyor) deniz suyu acik sistem. C
konfigirasyonu ise hava acik sistem, deniz suyu
kapali1 sistemdir.

2.2. Analizler

Ele alinan sistemin  ekserji  analizlerini
gerceklestirebilmek icin bir model olusturulmus ve
Engineering Equation Solver (EES) kullanilarak
hesaplamalarin  yapilabildigi  bir  program
yazilmistir. Yapilan enerji analizleri sonucunda
belirlenen, sistemdeki tim noktalara ait 6zellikler,
[10] numarali kaynaktan alinmigtir. Damitma
sisteminin ekserji analizleri kiitle, enerji ve ekserji
denge bagintilar1 kullanilarak gergeklestirilmistir.
Asagida, oOncelikle genel bagintilar, daha sonra
sistemin  performansinin  degerlendirilmesine
yonelik bagintilar verilmistir.

Sirekli-akisgli agik sistemler igin, kitle, enerji ve
ekserji denge bagintilar: sdyle siralanabilir:

Birim zaman bazinda kitle (kiitlesel debi) dengesi:
2mg=ym, 1

Esitlik 1’de strekli akigli agik sistemlerde ve
kontrol hacmi igerisindeki toplam kdtlenin
zamanla degismedigini kitlenin korunumu ilkesi
ile ifade edilmektedir. Esitlikte (mi,); sisteme giren
Katlesel debiyi (kg/s), (m.)"; sistemden g¢ikan
kitlesel debiyi (kg/s) ifade etmektedir.

Birim zamanda enerji akimi

dengesi):

dengesi (enerji

431



Deniz Suyu ve Hava Debi Orammin Toprak Is: Degistiricili Bir Damitma Sistemi Performansina Etkisinin

Incelenmesi

Eg-E =dE ;y.,/dt 2

Esitlik 2, birim zamanda sistemin enerji degisimini
gOstermektedir. E'g sisteme birim zamanda giren

enerji miktarini (kW), Eg sistemden birim zamanda
cikan enerji miktarint (KW), dEg;.,,/dt birim
zamandaki enerji degisimini ifade etmektedir.

11 Dig ortam havasi
A
Guines Kolektsrii <
@4 @ YO A
MWAMAH = -
@ Toprak
Y <
Su kulesi [
Is1 degistiricisi [
. E e 4 @
Is1 degigtiricisi 11 Toprak 1s1 degistiricisi
Tank
5 ®
Deniz suyu *
Temiz su
depolama
tanki

Sekil 1. Ele alinan damitma sisteminin genel goérinusi [1]

Birim zamanda ekserji dengesi (ekserji akimi
dengesi):

EXg_E‘Xg 'E)(yzkzm :dE)(sistem/ dt (3)
veya
E‘Xzsz_E‘Xis +Einitle, g'EXkﬁtle,; :E)(;/zklm (4)

Esitlik 3 ve 4, birim zamandaki ekserji dengesini
ifade eden iki farkh esitliktir. Esitliklerde EX,;
sisteme birim zamanda giren ekserjiyi (kW), EX,
sistemden birim zamanda cikan ekserjiyi (kW),
EXylklm; sistemde birim zamanda yok olan
ekserjiyi (KW), dEXiq.,/dt; ise sistemin birim
zaman icerisindeki ekserji degisimini (kW) ifade
etmektedir.

Ekserji akimin1 asagidaki esitlikte verilmistir.

EX=my ®)
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Esitlikte EX; ekserji akimini (KW), r; kiitlesel
debiyi (kafls), ; akis ekserjisi veya ozgll
ekserjidir (kJ/kg).

Ozgiil ekserji su ve sogutucu akiskan igin:
Ve sa—(h=ho)-To(s-50) (6)

olarak ifade edilmektedir. Ozgul ekserji icin
verilen esitlikte h; entalpiyi (kJ/kg), T; sicaklig:
(C), s; entropiyi (kd/kg K), alt indis “0” ise 6lii
hali ifade etmektedir.

Ozgiil ekserji hava igin ise;

‘//h:(cp,h+wcp,sb)TO[(T/TO) -1-In (T/TO)]+

(I+],6078C())RhTo ll’l (P/P0)+RhT0

{ (1+1,60780) In [ (1+1,6078w,)/ } ;
(1+1,6078)]+1,6078w In ( w/w,) )

seklinde ifade edilmektedir. Esitlikte C,, ve Cygh ;
sirastyla hava ve su buharinin sabit basingtaki

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



0zgul 1sisim (kJ/kg K), o; 6zgil nem oranin
(Kg/KQhava), Rn; gaz sabitini (kJ/kg K) ifade
etmektedir.

Ozgill nem oram, hava icerisinde bulunan su
buharinin  havanin kitle debisine oran: olarak
asagidaki sekilde verilebilir.

@ :msb/mh (8)
Esitlikte w ;6zgul nem oranini, 1hg,; su buharinin
kitlesel debisi (kg/s), my; havamn debisini (kg/s)
ifade etmektedir.

Ekserji verimi (g);), kazancin (Uriinin) ekserjisinin

(E Xirim), Yakitin ekserjisine (EXyakw) orani olarak
asagidaki sekilde ifade edilmektedir.

&= IEXﬁr[in (9)
EX,

Vgn Gool’s ekserjetik iyilestirme potansiyel akimi
(Ip):

IP=(1- ey (EX,-EX,) (10)
seklinde ifade edilmektedir.

Rolatif tersinmezlik (RT) sistemdeki bir elemanin

ekserji yitkiminin sistemin toplam ekserji yikimina
oram olarak asagidaki esitlikte verilmistir.

RT= EXylklm,t (l l)
Ethktm,roplam
Damitma sistemlerinde performans

degerlendirilmesi icin ele alinan ve bu calismada
da etkisi incelenen debiler oranm (MR), sistemdeki
deniz suyu Kkutlesel debisinin (my,), havanin
kitlesel debisine (m,) oramm olarak asagida
verilmistir [1].

Kitle, enerji ve ekserji denge denklemleri
Sekil 1’de gorilen sistemin her ekipmanina

uygulanmis ve asagida verilmistir. Esitliklerde alt
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indis olarak verilen numaralar, Sekil 1’deki
numaralar: ifade etmektedir.

Is1 Degistiricisi | (I)

=, ; m3=ny (13.3)
E + E=E, + E, (13.b)
EX,um1 = EX;+EX3- EX,- EX, (13.c)
Enr = EXy- EX; | EX;- EX, (13.d)
1Pr = (1- Exp). EXppms (13.8)
Gunes Kolektora (I1)

r3=riy (14.9)
Es=E+Q, ., (14.b)
EX tamir = EXoeort EX5- EX, (14.c)
EXoom AL 143 (72 -3 (2] (14.d)
Enn = (EX3-EX;) | EX.op (14.e)
1Py=(1- Enm)- E:Xtvlkzm,ll (14.1)

Esitlik 14.d’de A; kolektér alanini (m?), I; 1s1mm
siddetini (W/m?), T; 6lii hal sicakhigini (K), Tsg;
glinesin ylzey sicakligin (K) ifade etmektedir.

Su Kulesi (111)

mg=my ; My=Mm; (15.a)

E,+ E=Es+ E, (15.b)

EXjmm = EX; + EXg- EX5+ EX; (15.c)

i = (EX7EXg)/(EX,-EXs) (15.d)

1Py= (1- En ) E.Xylklm,lll (15.e)
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Is1 Degistiricisi 11 (1V)

M, = Mg + Mg My = My, (16.9)
E,+Eo,= Eg+Ey+Ey, (16.b)
EXymv = EX7 + EXyo- EXg- EXo- EX;;  (16.C)

En =(EXg + EXo + EX11)/(EX; + EXyo) (16.d)

1Py = (1- Enw)- EXylkLm,IV (16.e)
Toprak Isi1 Degistiricisi (V)

My o= 1My, (17.9)
Eyy = Q.+ Eyp (17.b)
EXylklm,V =EX;, - EX;o+ ( Q't. (1-Ty/T, ) (17.c)
Eny = EXyol EXp1+ (Qq. (1- ToITy, ) (17.d)
1Py = (1- &y ). EXyiumy (17.e)

3. BULGULAR VE TARTISMA

Calismada, sistemde kullanilan deniz suyu kitle
debisinin, hava kiitle debisine oran1 olan MR’nin
degisiminin her bir konfiglrasyon icin sistem
performans:  Gzerindeki  etkisi  incelenmistir.
Hesaplamalar MR degerinin 1-3 oldugu arahk igin
yapilmis ayrica sistem girisindeki havanin kuru
(T, ve yas termometre sicakhiklari (T,,) sirasiyla
30 °C ve 20 °C, toprak (Ts) ve deniz suyu sicaklig
(Tsw) 20 °C, kolektor alan: 30 m? ve giines 1stnimi
(45) 500 W/m? olarak alinmistir [1]. Cizelge 1°de
sistemin A konfiglirasyonunda caligmas: durumu
icin sistemdeki noktalarin termodinamik 6zellikleri
verilmistir. 1 noktasinda 20°C deki deniz suyu 1s1
degistiricisi I’de glnes kolektdrlerinden (3 noktasi)
gelen 49,05°C’deki sicak su yardimi ile
43,24 °C’ye kadar isitilip ardindan su kulesine
(2 noktasi)) nemlendirme islemi icin transfer
edilmektedir. Su kulesinde, 6 noktasinda dis
ortamdan fan vasitasiyla alinan hava fandaki
sirtinmelerden dolayr bir miktar 1sinmaktadir.
Isttilmis  olan  deniz  suyu havanin igine
puskiirtulerek havanin 37,56 °C ve 35,08 g/kg
mutlak nem degerlerine ulastirnilmas: saglanir.
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7 noktasinda su kulesinden ¢ikan nemli hava
yogusma iglemi icin 1S1 degistiricisi 11’ye transfer
edilir. Is1 degistiricisi 11’de hava bunyesindeki
nemi yogusturmak icin toprak 1s1 degistiricisinde
sogutulan su (10 noktasi) kullanilmaktadir. Nemli
hava yogusma islemi sonucunda, 1s1 degistiricisi
II’den 22,83 °C ve 20,00 g/kg nem degerlerinde
cikmaktadir (8 noktasi). Yogusma islemi
sonucunda elde edilen temiz su depolama tankinda
depolanmaktadir (9 noktasi). Cizelge 1’den ayrica
A konfiglrasyonu icin sistemde en yiiksek ve en
disuk ekserji akimi degerlerinin sirasiyla kolektor
cikiginda 3,473 kW ve elde edilen temiz su igin
0,003 kW oldugu gorilmektedir. B ve C
konfiglrasyonlar1 igin de benzer sonuclara
ulagilmastir (Cizelge 2 ve 3).

Cizelge 4-6’da MR degerinin 1 olmasi durumunda
sistemin farkli konfigurasyonlarda ¢alismasi
durumunda elde edilen sonuclar verilmistir.
Cizelgeler incelendiginde, sistemdeki elemanlar
icerisinde en fazla tersinmezligin (E'Xy,k,m,)
dolayisiyla en yuksek iyilestirme potansiyeli ve en
distk ekserji veriminin her ¢ konfigurasyon icin
de giines kolektorlerinde oldugu gorilmektedir.
Bunun sebebi; sistemin en yiksek enerji girisi ve
ekserji girisi degerlerinin, gelen giines 1istnimindan
kaynaklanmasidir. Bu enerjinin biyik bir kisminin
kayba ve tersinmezliklerden dolayr yikima
ugradigi gorilmektedir. Bu durum, dizlemsel
gunes kolektorlerinin en blylk dezavantaji olarak
degerlendirilmektedir. ~ Sistemin enerji  verimi
ortalama bir deger olarak degerlendirilse de ekserji
veriminin, disuk oldugu goérilmektedir. Ekserji
analizinde cevre kosullari gz 6niine alindigindan,
ekserji ile iligkili strduralebilirlik ve termoekolojik
analiz sonuglar: da duslk gikmaktadir. Kayiplarin
azaltilmas: verim artigina sebebiyet vereceginden,
sistemin yalitimimin iyilestirilmesi gerekmektedir
ve tersinmezliklerin azaltilmas: igin de diizlemsel
kolektor tasariminin gelistirilmesi 6nerilebilir [11].

Sistemde gines kolektérinden sonra en fazla
tersinmezlik, A ve B konfigurasyonlar: icin 1s1
degistiricisi 1’de, C konfiglirasyonu icin ise su

kulesindedir.  Cizelgelerden ayrica her (g
konfiglrasyon i¢in de ekserji verimi en yuksek
sistem elemanimin 1St degistiricisi | oldugu
gorilmektedir. TOm  sisteme ait sonuglar
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degerlendirildiginde,  konfigirasyonlara  gore
degismekle birlikte sistemde olusan toplam
tersinmezlik ve sistemin iyilestirme potansiyelinin
sirastyla 15-16 kW ve 12,9-13,3 kW araliginda

Ertag HURDOGAN, Abdulkadir GUNES, Osman KARA

oldugu ayrica ekserji verimi agisindan en iyi
konfigurasyonun (%21,01) suyun kapali havanin
acik cevrim oldugu C konfigiirasyonu oldugu
gorilmektedir.

Cizelge 1. A konfigirasyonu igin sistemin termodinamik dzellikleri (MR=1)

| dowams | swwan | S| STk | e |G| B o | £
0 - Su 101,325 15,00 - 63,01 0,224 0,10 -
0’ - Hava 101,325 15,00 0,0158 _ - 0,10 -
1 Is1 deg. | giris Deniz suyu 101,325 20,00 - 83,93 0,296 0,10 0,018
2 Is1 deg. | cikis Deniz suyu 101,325 43,24 - 181,11 0,615 0,10 0,544
3 | G.Kolek. ¢ikis Isitma suyu 101,325 49,05 - 205,40 0,691 0,45 3,473
4 | G.Kolek. girig Isitma suyu 101,325 44,05 - 184,50 0,626 0,45 2,555
5 | Sukulesicikis | Atik denizsu | 101,325 28,49 - 119,40 0,416 0,10 0,128
6 | Su kulesi giris Hava 101,325 30,76 0,01054 - - 0,10 0,056
7 | lsideg. Il girig Hava 101,325 37,56 0,03508 - - 0,10 0,202
8 | Istdeg. Il ¢ikis Hava 101,325 22,83 0,02000 - - 0,10 0,018
9 | Istdeg. Il ¢ikis Temiz su 101,325 30,19 - 126,60 0,439 0,0017 |0,003
10 T.1.D cikis Sogutma suyu | 101,325 20,00 - 83,93 0,296 0,10 0,018
11|  T.L.D giris Sogutmasuyu | 101,325 | 23,00 - 96,48 0,339 0,10 0,046
Cizelge 2. B konfigurasyonu igin sistemin termodinamik 6zellikleri (MR=1)
No| Akiama | Akskan | BESne | Suakii Nem | Entlpi | Enropt K(iz?)' £
0 - Su 101,325 | 15,00 - 63,01 0,224 0,10 -
0* - Hava 101,325 | 15,00 0,0158 - - 0,10 -
1 Is1 deg. | girig Deniz suyu 101,325 | 20,00 - 83,93 0,2962 0,10 0,018
2 Is1 deg. | cikis Deniz suyu 101,325 | 42,80 - 180,1 0,6121 0,10 0,535
3 G.Kolek. ¢ikig Isitma suyu 101,325 | 48,50 - 203,1 0,6842 0,44 3,298
4 G.Kolek. girig Isitma suyu 101,325 | 43,50 - 182,2 0,6187 0,44 2,412
5 Su kulesi ¢ikis Atik denizsu | 101,325 | 30,07 - 126,1 0,4375 0,10 0,159
6 Su kulesi giris Hava 101,325 | 23,73 | 0,01777 - - 0,10 0,015
7 Ist deg. Il giris Hava 101,325 | 35,01 | 0,03716 - - 0,10 0,205
8 Is1 deg. 11 ¢ikis Hava 101,325 | 22,92 | 0,01782 - - 0,10 0,013
9 Is1 deg. 11 ¢ikis Temiz su 101,325 | 28,97 - 121,5 0,4223 0,0019 | 0,003
10 T.1.D cikis Sogutma suyu | 101,325 | 20,00 - 83,93 0,2962 0,10 0,018
11 T.1.D giris Sogutma suyu | 101,325 | 23,00 - 96,48 0,3388 0,10 0,046
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Cizelge 3. C konfiglrasyonu igin sistemin termodinamik 6zellikleri (MR=1)

. .| Katlesel
Basing | Sicakhk | Nem | Entalpi | Entropi - EX
No|  Agiklama Alaskan 1 “apay |1 e0) | (kalkg) | (kdikg) | (Kakh.K) (i;?s') (k)
0 - Su 101,325 15,00 - 63,01 0,2242 0,10 -
0' - Hava 101,325 15,00 - - - 0,10 -
1| Isideg. | giris Deniz suyu 101,325 | 29,70 - - 0,4324 0,10 0,152
2 | Isideg. | cikis Deniz suyu 101,325 | 50,20 - 210,2 0,7063 0,10 0,832
3 | G.Kolek. ¢ikis Isitma suyu 101,325 55,34 - 231,7 0,7722 0,39 4,260
4 | G.Kolek. giris Isitma suyu 101,325 50,34 - 210,8 0,7081 0,39 3,304
5 | Sukulesicikis | Atik denizsu | 101,325 | 29,68 - 1244 0,4321 0,10 0,151
6 | Sukulesi girig Hava 101,325 | 30,76 |0,01054 - - 0,10 0,056
7 | Isideg. Il girig Hava 101,325 | 39,80 |0,04403 - - 0,10 0,326
8 | Isideg. Il cikis Hava 101,325 | 23,73 |0,01884 - - 0,10 0,017
9 | Isideg. Il cikis Temiz su 101,325 | 31,77 - 133,2 0,4608 0,0025 | 0,005
10 T.1.D ¢ikis Sogutma suyu | 101,325 | 20,00 - 83,93 0,2962 0,10 0,018
11 T.1.D girig Sogutma suyu | 101,325 | 23,00 - 96,48 0,3388 0,10 0,046
Cizelge 4. A konfiglrasyonu igin sistem ve sistemdeki tim ekipmanlar igin elde edilen sonuglar (MR=1)
EXyuam EXGrin EXyaat & P RT
No | Aqidama (W) | W) | W) | @) | kw) | (%)

| | Is1degistiricisi | 0,392 0,526 0,918 57,26 | 0,168 2,48
Il | Gines kolektor 14,960 2,555 17,513 | 14,59 | 12,780 | 94,54
111 | Su kulesi 0,269 0,146 0,416 3519 | 0,175 1,70
IV | Is1 degistiricisi 1l 0,154 0,003 0,227 30,03 | 0,108 0,97
V | Toprak 1s1 degistiricisi 0,049 0,018 0,067 26,77 | 0,036 0,31
1-V | TUm sistem 15,824 3,248 19,140 | 16,97 | 13,266 | 100,00

Cizelge 5. B konfigurasyonu igin sistem ve sistemdeki tim ekipmanlar igin elde edilen sonuglar (MR=1)
EXylklm EXUrUn Exyaklt S| 1 IP RT

No |Aaidama W) | W) | W) | o) | kw) | (%)

I | Is1 degistiricisi | 0,369 0,517 0,886 58,37 0,15 2,36
Il | Gunes kolektori 14,920 2,412 17,338 13,91 12,85 95,33
111 | Su kulesi 0,185 0,190 0,375 50,66 0,09 1,18
IV | Is1 degistiricisi Il 0,162 0,003 0,220 27,33 0,12 1,04
V | Toprak is1 degistiricisi 0,015 0,018 0,067 26,77 0,04 0,10
I-V | Tim sistem 15,651 3,139 18,886 16,62 13,25 100,00

Cizelge 6. C konfigurasyonu igin sistem ve sistemdeki tum ekipmanlar icin elde edilen sonuglar (MR=1)
EXylklm Exu rin Exyaknt SI | II) RT
No | Acridama W) | (W) | kW) | 6 | sw) | (%)

I | Is1 degistiricisi | 0,276 0,680 0,956 71,16 0,08 1,72
Il | Giines kolektori 15,000 3,304 18,300 18,05 12,29 93,68
111 | Su kulesi 0,410 0,271 0,681 39,77 0,25 2,56
IV | Is1 degistiricisi 1l 0,277 0,003 0,349 19,64 0,22 1,73
V | Toprak 1s1 degistiricisi 0,049 0,018 0,067 26,77 0,04 0,31
I-V | TUm sistem 16,011 4,276 20,353 21,01 12,87 100,00
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Sekiller 2-4’te
sirastyla  ekserji

farkh
yikimi,

konfiglrasyonlar igin

ekserji  verimi  ve
iyilestirme potansiyelinin - MR ile degisimi
verilmistir. ~ Sekillerden  MR’nin  degisiminin
sistemin ekserji yikimi ve iyilestirme potansiyeli
Uzerinde dnemli bir etkisi olmadigi gorilmektedir.
MR’nin artmas: ile sistemin ekserji verimi tim
konfigurasyonlar icin azalmaktadir. Sistemde en
yuksek ekserji verimi, MR’nin 1 oldugu durumda
C konfigurasyonu icin elde edilmistir. MR’nin
artmasi sistemde dolasan havanin debisinin deniz
suyuna goére az olmasi, bu durum da havanin
tagiyabilecegi  nem  miktarinin  sinirlanmasi
anlamina  gelmektedir. Havanin  daha az
nemlenmesi daha az temiz su eldesi dolayisiyla
diguk performans (ekserji verimi) elde edilmesini
saglamaktadir.
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Sekil 2. A-B-C konfiglrasyonlar: igin sistemin

ekserji  yikimimin  debiler orani ile
degisimi
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Sekil 3.  A-B-C konfigurasyonlari igin sistemin
ekserji  veriminin debiler oram ile
degisimi
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Sekil 4. A-B-C konfigurasyonlar: igin sistemin
iyilestirme potansiyelinin debiler oran ile
degisimi
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4. SONUC

Bu calismada, toprak 151 degistiricisinin
kullanildig1 giines enerji destekli bir damitma
sisteminde deniz suyu ve hava debi oranimin (MR)
sistem performansina etkisi incelenmistir. Sistemin
farkl konfiglrasyonlarda caligma durumunun da
ele ahndigi ekserji analizlerinde, performans
gostergesi olarak ekserji yikimi (tersinmezlik),
ekserji verimi ve iyilegtirme potansiyeli ele
alinmigtir. Yapilan analizler sonucunda, sistemde
en fazla  tersinmezligin  ve iyilestirme
potansiyelinin  giines  kolektérlerinde  oldugu
gorulmlstar.  TUim  sisteme  ait  sonuglar
degerlendirildiginde,  konfigirasyonlara  gore
degismekle birlikte sistemde olusan toplam
tersinmezlik ve sistemin iyilestirme potansiyeli
sirastyla 15-16 kW ve 12,9-13,3 kW araligindadir.
Sistemin  ekserji verimi agisindan en iyi
konfigurasyonun suyun kapal: havanin agik ¢evrim
oldugu C konfiglirasyonu oldugu (ekserji verimi,
%21,01) ayrica MR’nin artmasi ile sistemin ekserji
veriminin tum konfiglrasyonlar igin azaldig:
gorilmastr.
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Oz

Ni-B alagim kaplamalar yiiksek sertlik, yiiksek asinma direnci ve iyi korozyon direnci gibi dstiin
Ozellikleri sayesinde birgok endustri dalinda basarili bir sekilde uygulanabilmektedir. Bu galismada, Ni-B
alasim kaplamalar geleneksel elektrokimyasal kaplama metoduyla paslanmaz celik altlik {izerine farkli
akim yogunlugu degerlerinde depolanmistir. Elektrokimyasal depolama isleminde Watts tipi geleneksel
nikel banyosu kullanmilmigtir. Nikel ana yapisina alasim malzemesi olarak ilave edilen bor elementi
kaynag1 olmas1 amaciyla elektrolite trimetilamin boran kompleksi (TMAB) ilave edilmistir. Uretilen
numunelerin kristal yapi, mikrosertlik ve morfoloji 6zellikleri incelenmistir. Akim yogunlugu azalmasi
Ni-B kristal yapisinin tane biiyiikliigiinde azalmaya neden olmus ve yapinin amorfa dogru kaymasina
neden olmustur. Ayrica, akim yogunlugu azalmasi neticesinde Ni-B kaplamanin mikrosertlik degerinde
de artig oldugu tespit edilmistir. Bunun yaninda Ni-B alagim kaplamalarin farkli akim yogunlugu

degerlerinde depolanmasi neticesinde yiizey morfolojisinin de etkilendigi ve numunelerin farkli
goriiniime sahip oldugu anlasilmstir.

Anahtar Kelimeler: Elektrodepolama, Akim yogunlugu, Mikrosertlik, Kristal yap1, Ni-B alasim kaplama

The Effect of Current Density on the Crystal Structure and Hardness Properties of
Electrochemically Deposited Ni-B Alloy Coatings

Abstract

Ni-B alloy coatings can be successfully applied in many industries thanks to their superior properties such
as high hardness, high wear resistance and good corrosion resistance. In this study, Ni-B alloy coatings
were deposited on a stainless steel substrate at different current density values by conventional
electrochemical coating method. A traditional Watts type nickel bath was used in the electrochemical
deposition process. Trimethylamine borane complex (TMAB) was added to the electrolyte in order to be

"Sorumlu (Corresponding author) yazar: Abdulkadir YASAR, ayasar@cu.edu.tr
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a source of boron element added to the nickel main structure as an alloying material. The crystal structure,
microhardness and morphology properties of the produced samples were investigated. The decrease in
current density caused a decrease in the grain size of the Ni-B crystal structure and caused the structure to
shift towards amorphous. In addition, it was determined that the microhardness value of the Ni-B coating
increased as a result of the decrease in current density. In addition, as a result of the Ni-B alloy coatings
being deposited at different current density values, it was understood that the surface morphology was
also affected and the samples had different appearances.

Keywords: Electrodeposition, Current density, Microhardness, Crystal structure, Ni-B alloy coating

1. GIRIS

Cesitli malzemelerden imal edilen pargalarin
kaplanmas1 onemli bir endiistriyel prosestir ve
fonksiyonel ince filmlerle kaplanmis ¢ok sayida
endiistriyel iriin islenebilmektedir. Ni-B alagimli
film, fonksiyonel kaplamalardan biridir ve istiin
ozellikleri nedeniyle havacilik, otomotiv, kimya ve
elektrik gibi birgok endiistrilerde uygulamalar
bulunmaktadir [1].

Ni-B alasimlar1 miikemmel lehimleme, asinma
direnci, korozyon direnci ve yiiksek sicaklik
direnci gibi oOzellikleri sebebiyle biyiik ilgi
gormektedir. Bu tiir siiper performansli alagim
kaplamalar1 elde etmek igin son birkag on yilda
akimsiz kaplama teknigi kullanila gelmistir.
Akimsiz kaplama esas olarak, gesitli malzemelerin
yiizeylerinde  biriktirmek  amaciyla  metal
iyonlarini, giiglii bir indirgeyici ajan kullanilan ve
metal iyonlar1 igeren bir ¢ozeltide metal olarak
indirgemek ve yogun bir kaplama olusturmak
amaciyla, yiikseltgeme ve indirgeme ilkesine
dayanir. Elektrokaplama ise, elektroliz prensibine
dayanir ve elektrik alan kuvvetinin etkisi altinda,
metal iyonlar1 Katottan elektronlar1 alir ve neticede
altlik (katot) yiizey tizerine metal olarak depolanur.
Bununla birlikte, akimsiz kaplama ile hazirlanan
kaplama  malzemesinde, kaplamanin st
kisimlarindaki kristal hiicreler daha biiyliktiir ve
yogun degildir. Elektro kaplama, akimsiz
kaplamaya gore daha yiiksek tiretim verimliligine
sahiptir ve hazirlanan kaplama malzemesinin
sertligi ve asmmma direnci, akimsiz olarak
depolanan kaplama malzemesininkinden daha
iyidir. Metal alagimli kaplamanin verimli ve
ekonomik olmasi ve metal yiizey
modifikasyonunun  gerceklestirilebilmesi  igin

440

elektrodepozisyon yonteminin  kullanilmasi

Ozellikle 6nem arz etmektedir [2].

Bekish ve arkadaglari [3] bor kaynagi olarak
sodyum dekahidro-closo-dekaborat igeren bir nikel
elektrokaplama banyosunda farkli bor igeriklerine
sahip Ni-B alasim kaplamalar iiretmisler ve elde
edilen bor igeriklerinin kaplamanin korozyon ve
mekanik  Ozellikleri  tizerindeki  etkilerini
incelemiglerdir. Yazarlara gore %4 B igerigine
sahip Ni-B kaplama en iyi korozyon direncini
gostermistir. Bunun yaninda yazarlar bor igeriginin
artmasiyla mikrosertlik ve asinma dayanimimin
artis gosterdigini raporlamiglardir. Lopez ve
arkadaslar1 [4] dimetilamin boran (DMAB) igeren
siilfamat banyosunda elektrodeposizyon yoluyla
Ni-B alagim kaplamalar1 ¢elik althik {izerine
biriktirmislerdir. Yazarlar banyodaki bor kaynagi
konsantrasyonunun Ni-B kaplamalarin 6zellikleri
tizerine etkilerini arastirdiklarim raporlamslardir.
Yazarlar artan sertligin bor igeriginden ¢ok azalan
kristal tane boyutuna bagimli  oldugunu
belirtmislerdir. Yazarlar ayrica tiretilen
kaplamalara 1sil islem uygulanmasi ile birlikte
sertlikte artis meydana geldigini, ayrica korozyon
dayaniminda ise kaplamadaki catlaklardan dolay1
diisiik performans sergilendigini ifade etmislerdir.
Matsui ve arkadaslar1 [5], aralikli trimetilamin
boran kompleksi (TMAB) ilavesi ile Ni-B alagimi
kaplamalar1 elektrokimyasal olarak depolamiglar
ve bu yontemin daha homojen bor igerikli
kaplamalar iretmekte faydali oldugunu
raporlamiglardir. Yazarlar ayrica bu yontemle
tirettikleri Ni-B alagim kaplamalarda gerginlik ve
catlak sorunlarinin diizeldigini ve geleneksel
olarak iiretilen Ni-B alagimlara gore daha siinek
malzemeler elde ettiklerini ifade etmislerdir. Fang
ve arkadaslar1 [6], farkll DMAB
konsantrasyonlarinda Ni-B alagim kaplamalari
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yine elektrokimyasal depolama teknigi ile
iiretmigler ve elde ettikleri numunelerin kristal yap1
ve mekanik ozelliklerini irdelemislerdir. Kristal
yapt incelemeleri sonucunda Ni-B alagim
kaplamalarin ~ kristal ve amorf fazlardan
olugtugunu, amorf yapi orammm ise artan bor
icerigi ile artis gosterdigini ifade etmiglerdir.
Ayrica Ni-B alagimlarin kalinti basma gerilimlere
sahip oldugunu ve bu durumun kristallik ve tane
boyutu ile ilgili oldugunu raporlamuslardir.

Elektrikli veya elektriksiz kaplama metodunda
nikeli bor ile alagimla yapabilmek igin bor kaynagi
olarak kullanilabilecek birgok segenek mevcut
olmasina kargin, literatiirde genelde TMAB tercih
edildigi goriilmektedir. Elektrokimyasal
depolamada bor kaynagi olarak kullanilabilen
DMAB’in, TMAB’a gore daha  yiksek
sicakliklarda (> 75 °C) ¢oziindiigii ve TMAB’I1
kaplama banyosunun digerine gore daha stabil
oldugu Sheu ve arkadaslari [7] tarafindan Ni-B ile
ilgili calismalarinda ortaya konmustur. Bu bilgiler
1s1ginda TMAB’1in elektrokimyasal banyolar i¢in
uygun bir bor kaynagi oldugu one siiriilebilir.
Elektrodepolama parametreleri elde edilecek
filmin yapisal ve mekanik ozellikleri {izerine
belirleyicidir. Elektrolit pH degeri, ortam sicakligt,
karistirma hizi, uygulanan potansiyel, elektrolite
ilave edilen kimyasallar ve akim yogunlugu elde
edilecek iiriiniin nasil olacagina karar verir. Akim
yogunlugu, parcacik/metal ara yiiziinliin biiylime
hizin1 ve dolayisiyla aralarindaki fiziksel bagin
giiciinii etkileyen, elektro-¢okeltilmis malzemeler
igin 6nemli bir parametredir. Akim yogunlugu ne
kadar biiyiik olursa, belirli bir pargacigin ortak bir
yere yerlestirilme olasilig1 0 kadar yiiksek olur ve
parcaciklar katot yiizeyinde 0 kadar hizli tutulur.
Bu ¢alismada Ni-B alasimi elektrokaplama metodu
ile paslanmaz ¢elik altlik iizerine farkli akim
yogunluklari ile biriktirilmis ve bor kaynag: olarak
TMAB kullamilmustir. Elde edilen Ni-B alasim
kaplamalarin ~ kristal ~yapi, mikrosertlik ve
morfolojik 6zellikleri iizerine akim yogunlugunun
etkileri incelenmistir.

2. MATERYAL VE METOT

Ni-B alagim kaplamalar geleneksel Watts tipi nikel
banyosunda elektrokimyasal olarak depolanmustir.
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Elektrolitte nikel kaynagi olarak 240 g/l
NiSO,4.6H,0 (Nikel (II) siilfat hekzahidrat) ve
45 g/l NiCl,. 6H,0 (Nikel (I1) kloriir hekzahidrat)
kullamilmistir. Kompleks yapici ajan olarak 30 g/l
H3BO; (Borik asit) kullanilmugtir. Nikel ana
yapisinin bor ile alagimlanmasi amaciyla banyoya
3 g/l TMAB ilave edilmistir. Ni-B alasim
kaplamalar 50 mA/cm? ve 15 mA/cm? olmak iizere
iki farkli akim yogunlugunda depolanmistir.
Banyo sicakligt 43 +1 °C civarlarinda sabit
tutulmugtur. Elektrolitin  pH degeri 4 olarak
ayarlanmigtir. Depolama siiresi ise 60 dk ile
simirlandirilmigtir. 3 elektrotlu sistemin kullanildig:
depolama stireglerinde altlik olarak (katot) 304
kalite paslanmaz celik kullanilmigtir. Anot olarak
ise platin tel gubuk kullanilmistir. Ayrica referans
elektrot olarak ise doygun kalomel elektrot (SCE)
kullanilmustir. Sekil 1°de ti¢ elektrotlu depolama
sisteminin sematik gosterimi sunulmustur. Katot,
anot ve referans elektrot banyo igine dikey olarak
yerlestirilmis ve aralarinda yaklagik olarak tiger cm
aralik  birakilmistir.  Biitin  elektrokimyasal
depolama siire¢lerinde CH instruments marka ve
608E model cihazdan yararlanilmistir. Althk
kaplama alani 4 cm?® olarak belirlenmis ve akim

yogunlugu bu alana uygun olarak ayarlanmustir.

Referans elektrot

(-) Katot
Paslanmaz celik

althk i, Aot

— Platin ¢ubuk

Watts tipi
nikel banyosu
Sekil 1. Ug elektrotlu  depolama  sisteminin
sematik gosterimi
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Kaplama isleminden o6nce althk malzemesi
kabadan inceye dogru bir dizi zimparalama
igslemine tabi tutulmus olup sonrasinda %10 HCI
(hidroklorik asit) ile karigtirllmig saf su iginde
1-2 dk siireyle daglanmig ve sonrasinda saf su ile
durulanarak  oda  sicakliginda  kurumaya
birakilmugtir. Ni-B kaplamalar depolandiktan sonra
saf su ile durulanarak oda sicakliginda kurumaya
birakilmustir.

Numunelerin  XRD desenleri, iiretilen Ni-B
kaplamalarin ~ kristal ~ yapilarimin ~ karakterize
edilebilmesi i¢in elde edilmistir. 26=0-100°

araliginda, 40 kV ve 30 mA degerlerinde CuK,
radyasyonu iireten PANalytical marka, Empyrean
model XRD cihazi, X 1s1m1 kirmmim desenlerini elde
etmek amaciyla kullamlmistir (A = 1.5418 A).

Ni-B kaplamalarin ortalama kristal tane biiyikligi
(D), dislokasyon yogunlugu (&) ve mikrogerilim
(e) degerleri elde edilirken asagida verilen
formiiller kullanilmstir [8-14].

0,942
B cosB

@

(1) numarali Debye-Scherrer denkleminde A: X-
g1 dalga boyu, B: XRD pikinin yar
maksimumdaki  genisliginin radyan cinsinden
degeri (FWHM), 6: ise XRD pikinin Bragg
yansima agisidir [14].

: @)

8:
4 tanf

2 numarall denklem
hesaplanmasinda kullanilmigtir [8].

mikrogerilim

o= 3)
(3) numarali denklem dislokasyon yogunlugu
hesaplanmasinda  kullamilmigtir.  Burada D:
ortalama  kristal tane  biyiikligini temsil

etmektedir [8,11-13].

Numune iizerine 500 g yik 10 s boyunca
uygulanarak mikro sertlik degerleri 6lgtlmiistiir.
Mikro sertlik degeri 6l¢iimleri her humunenin en
az 10 farkli bolgesinden olgtimler almarak ve bu
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Ol¢iimlerin  ortalamasi olarak kabul edilerek
gerceklestirilmistir.  Anormal derecede sapma
gosteren sertlik degerleri numunenin ortalama
mikro sertlik hesabina katilmamstir. Future-TECH
FM-700e marka ve model cihaz mikro sertlik
Olgtimleri i¢in kullanilmugtir. Ayrica, numunelerin
yizey morfolojileri optik mikroskop resimleri
tizerinden incenmis ve goriintiiler Olympus BX51
marka ve model cihaz ile edilmistir.

3. BULGULAR VE TARTISMA

Ni-B alagim kaplamalarin depolama esnasinda
kaydedilen kronopotansiyometri grafikleri
Sekil 2’de  verilmigtir.  Kronopotansiyometri
grafikleri sabit akim uygulanmas: ile birlikte
potansiyelin zamanla degisimini veren egrilerdir.
Bu grafikler sayesinde depolama zamam ile
potansiyel degisimleri gozlenebilmekte ve egrilerin
durumuna gore banyolar hakkinda yorumlar
yapilabilmektedir.  Sekil 2  incelendiginde
15 mA/cm? akim yogunlugunda depolanan
numunede depolama potansiyelinin  -0,9 V
civarlarinda basladig1 ve nispeten yatay bir seyir
izledigi goriilmektedir. Depolama zamam sonuna
dogru ise potansiyelin -1,0 V civarlarina yaklastig
anlagilmaktadir. 50 mA/cm? akim yogunlugunda
depolanan numuneye ait kronopotansiyometri
birlikte depolanma potansiyel degerlerinde de artig
oldugu gorilmektedir. Depolamanin -1,4 V
potansiyel civarlarinda bagladigi ve salinimli bir
seyir izledigi anlagilmaktadir. Depolama sonuna
dogru ise potansiyelin -1,3 V civarlarina dogru
azaldign  goriilmektedir.  Kronopotansiyometri
egrilerinden goriilecegi iizere, 15 mA/cm? akim
yogunluguna sahip banyonun yatay seyrinden
dolay1 daha stabil oldugu, aksine 50 mA/cm? akim
yogunluguna sahip banyonun ise salimmh
yapisindan dolay1 daha dengesiz oldugu ifade

edilebilir.

Ni-B alagimina depolama akim yogunlugunun
etkisini belirlemek amaciyla 50 ve 15 mA/cm?
degerlerinde kaplamalar {retilmis ve her iki
numunenin XRD desenleri Sekil 3’de verilmistir.
Ayrica, bu desenlerden elde edilen ortalama kristal
tane boyutu, mikrogerilim ve dislokasyon
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yogunlugu degerleri Cizelge 1’de sunulmustur.
Sekil 3°de goriildiigii lizere 44° civarlarinda
goriilen (111) nikel piki haricinde nikele 6zgii
diger piklerin desene yansimadigi anlagilmaktadir.
Akim yogunlugu degerinin 50’den 15 mA/cm*’ye
azalmasiyla birlikte ana yapi nikele ait (111)

Ersin UNAL, Abdulkadir YASAR, Ismail Hakki KARAHAN

goriilmektedir. Daha 6nceki ¢alismalara gore metal
matrisli kompozit kaplamalarda yiiksek akim
yogunlugu kristallesmeyi tesvik etmektedir [15-
17]. Ortalama kristal tane boyutunun azalmasinin
yani sira, mikrogerilim ve dislokasyon yogunlugu
degerlerinin de artig gosterdigi anlagilmaktadir.

pikinin siddetinin de ciddi oranda azaldizi ~ Ozellikle dislokasyon yogunlugu degeri yaklasik

gorlilmektedir. Ayrica Cizelge 1’de verilen iki kat artis gdstermistir. Akim yogunlugunun

degerler incelendiginde, ortalama kristal tane azalmasiyla birlikte kristal tane yapisinin amorf bir

boyutununda 8.7°den 6 degerine diistiiglii  yapiya dogru degisim gosterdigi ifade edilebilir.
-0.80

-1.00

-1.10

-1.20

Potansiyel (V)

-1.50

0 500 1000 1500

B e

-1.30
50 mA/cm”
-1.40

15 mA/em’

2000 2500 3000 3500 4000

Zaman (s)

Sekil 2. Ni-B alagim kaplamalarin depolama esnasinda kaydedilen kronopotansiyometri grafikleri

|

|

Ni(111)

Siddet (a. u.)

30

I
\

40 50

15 mA/cm?

|
‘—’J 50 mA/cm?

60 70
20 (derece)

80 90

Sekil 3. Ni-B alagimi kristal yapisina akim yogunlugunun etkisi (TMAB banyo konsantrasyonu 3 g/l).

Cizelge 1. Farkli akim yogunlugu degerlerinde depolanan Ni-B alagim kaplamalarin XRD desenlerinden
elde edilen parametreler

Ortalama kristal Dislokasyon
Akim 20 FPWHM-B | tane bityiikliigii- | Mikrogerilim-¢ | yogunlugu-o
yogunlugu | (derece) (radyan) D (nm) (nm?)
15 mA/cm? 44,7 0,02619 6 15,9 x 103 27,7x10°
50 mA/cm?® 443 0,01785 8,7 10,9 x 10°° 13,2x10°
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Ni-B alagim kaplamalarin mikrosertlikleri tizerinde
akim yogunlugunun etkisini incelemek i¢in iki
farkli akim yogunlugu degerinde numune iiretilmis
ve elde edilen numunelerden alinan mikrosertlik
sonuclart  Sekil 4°de  verilmistir.  Uretilen
numunelerin - TMAB banyo konsantrasyonu
3 g/I'dir. 50 mA/cm? akim yogunlugunda iiretilen
Ni-B kaplamada sertlik degeri 390 Hv olarak

artirildiginda  mikrosertlikte azalma meydana
geldigi goriilmektedir. Yiiksek akim yogunlugu
degerlerinde mikrosertlikte meydana gelen bu
azalma, nikel metali iyonlarinin daha hizli bir
sekilde depolanmasi neticesinde, elektrolit igindeki
bor atomlarmin nikelle birlikte es depolanma
miktarlarinda  meydana  gelebilecek azalma
dolayisiyla gergeklesmis olabilir. Akim yogunlugu

olgiilirken, 15 mA/cm? akim yogunlugunda degeri arttikca metal iyonlar1 daha hizli hareket
tiretilen Ni-B kaplamada ise mikrosertlik degeri  etmekte, daha kisa siirede daha fazla metal
640 Hv olarak olglilmistir. Ni-B alasim  depolanmasi gergeklesmektedir.
kaplamalarda da akim yogunlugu degeri
200
500
=
% 400
i
200
0
E’crémﬂum
(mAcm )

Sekil 4. Ni-B alagim kaplamalarin mikrosertligi tizerinde akim yogunlugunun etkisi (TMAB banyo konts.

3g/l)

Sekil 5°te farkli akim yogunlugu degerlerinde

depolanmigs Ni-B alagim kaplamalarin  optik
mikroskop  resimleri  karsilastirmali  olarak
sunulmugtur. Optik resimler yukardan asagiya

sirastyla 100x, 200x, 500x ve 1000x biyiitme
oranlarinda  elde  edilmistir.  Sol  siitunda
15 mA/cm? degerinde depolanan Ni-B alasim
kaplama, sag siitunda ise 50 mA/cm? degerinde

depolanan Ni-B alasim kaplama resimleri
verilmigtir. Farkli biiylitme oranlarinda verilen
optik resimlerden de goriildigi tizere akim

yogunlugunun yiizey morfolojisini etkiledigi
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anlagilmaktadir. 15 mA/cm? akim yogunlugu
degerinde depolanan kaplamanin yiizey morfolojisi
50 mA/cm’ akim yogunlugunda depolanan
kaplamaya gore daha diizgiin bir goriiniime
sahiptir. 50 mA/cm? akim yogunlugu degerine
sahip numunede dairesel tepecikler daha sik ve
yogun gériiniirken, 15 mA/cm? akim yogunlugu
degerine sahip numunede dairesel tepeciklerin
daha seyrek oldugu ve kaplama yiizeyinde yer yer
diiz alanlarin oldugu goéze ¢arpmaktadir. Aksine,
50 mA/cm? akim yogunluklu numunede dairesel
tepecikler tiim ylizeyi kaplamaktadir.
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15 mA/cm’ 50 mA/em’
Sekil 5. Farkli akim yogunluklarinda depolanan Ni-B alagim kaplamalarin optik mikroskop resimleri
(Yukaridan asagiya 100x, 200x, 500x ve 1000x biiyiitme oranlarinda)
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4. SONUCLAR

Bor kaynagi olarak TMAB kullanilan Ni ana yapili
elektrokimyasal ~ Ni-B  alasim  kaplamalar
paslanmaz ¢elik altlik iizerine bagarili bir sekilde
depolanmustir. 50 ve 15 mA/cm? olmak iizere iki
farkli akim yogunlugunda depolama yapilmis ve
banyoya TMAB banyo konsantrasyonu 3 g/l
olarak ilave edilmistir. Uretilen Ni-B kaplamalarin
kristal yap1 ozellikleri XRD grafikleri tizerinden
incelenmis ve aym zamanda kaplamalarm mikro
sertlik degerleri Olciilmiistiir. Bunun yaninda
kaplamalarin  yiizey —morfolojileri de optik
mikroskop resimleri iizerinden analiz edilmistir.
Analiz  sonuglarina gore akim  yogunlugu
azaltildiginda  Ni-B  kristal ~ yapisimin  tane
biiytikligiiniin azaldigi ve yapinin daha amorf
bigimli olmaya meyil gosterdigi anlagilmaktadir.
Ayrica akim  yogunluk degeri 50 mA/cm?
degerinden 15 mA/cm? degerine azaltilmasiyla
sertlik degerinin 390 Hv’den 640 Hv degerine
yiikseldigi  gorilmiistiir.  Elde edilen optik
mikroskop resimlerinde alinan goriintiilere gore
akim yogunlugunun Ni-B alagim kaplamalarin
yiizey morfolojisini etkiledigi ve akim yogunlugu
artisinin yiizeyi cesitli dairesel tepecikler seklinde
daha kaba bir bigime donistiirdiigi ifade edilebilir.
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Abstract

In this study, the effect of filament type and layer height on the dimensional accuracy of the 3D printed
tensile test samples from PLA, PET-G, and ABS was investigated in depth. Based on the fused filament
fabrication (FFF) technology, tensile test samples were produced with various layer heights (0.2 mm,
0.3 mm, and 0.4 mm) while the other printing parameters were kept constant, except for nozzle and
building platform temperature. Length, width, and height values of the produced test samples were
measured, and obtained results were compared with design dimensions to observe the dimensional
accuracy of each sample. Also, surface roughness measurements were performed on the samples to
examine their final surface quality. From dimensional measurements, it was seen that the most accurate
results were recorded for PET-G (in length and height) and PLA (in width) samples. Furthermore, the
best surface quality was attained in PLA samples compared to other filaments.

Keywords: Dimensional accuracy, Fused filament fabrication, PLA, PET-G, ABS

Uc Boyutlu Baski ile Farklh Katman Yiiksekliklerinde Uretilmis PLA, PET-G ve
ABS Parcalarin Boyutsal Dogrulugu Uzerine Bir Arastirma
Oz

Bu caligmada, PLA, PET-G ve ABS'den 3D baskili ¢ekme testi numunelerinin boyutsal dogruluguna
filament tipi ve katman yiiksekliginin etkisi derinlemesine arastirilmistir. Eriyik filament iretimi
teknolojisine dayali olarak, ¢esitli katman yiiksekliklerinde (0,2 mm, 0,3 mm ve 0,4 mm) ¢ekme test
numuneleri {iretilirken, meme ve bina platform sicakligi disindaki diger parametreler sabit tutulmustur.
Uretilen test numunelerinin uzunluk, genislik ve yiikseklik degerleri dlciilerek, elde edilen sonuglar
tasarim boyutlar1 ile karsilastirilarak her bir numunenin boyutsal dogrulugu goézlemlenmistir. Ayrica,
nihai yiizey kalitelerini incelemek i¢in numuneler lizerinde yiizey piiriizlilik 6lgtimleri yapilmistir.

“Sorumlu yazar (Corresponding author): Cagin BOLAT, caginbolat@itu.edu.tr
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An Investigation on Dimensional Accuracy of 3D Printed PLA, PET-G and ABS Samples with Different Layer

Heights

Boyutsal dlglimlerden en dogru sonuglarin PET-G (uzunlukta ve yiikseklikte) ve PLA (genislikte)
numuneleri i¢in kaydedildigi goriildii. Ayrica PLA numunelerinde diger filamentlere kiyasla en iyi yiizey

kalitesi elde edilmistir.

Anahtar Kelimeler: Boyutsal dogruluk, Eriyik filament tiretimi, PLA, PET-G, ABS

1. INTRODUCTION

In today's industrial world, although traditional
manufacturing methods like machining, casting,
welding, powder metallurgy, and plastic forming
are more widespread for metallic [1,2], polymeric
[3,4], composite [5-7], and ceramic [8] parts, this
custom has begun to change in recent years. Three-
dimensional (3D) printing technology is one of the
modern production technologies that facilitates the
manufacturing of complex-shaped objects [9,10].
Also, 3D printing technology has a number of
advantages in comparison with other traditional
production methods since it provides the
production with shorter time and less material
usage. Especially in the last decade, the general
tendency on 3D printers for production of polymer
materials has grown dramatically due to their low
melting temperature, easy accessibility and low
cost. It is a common idea that the fused filament
fabrication (FFF) technique is the most widespread
strategy to create a 3D printed product or
prototype. At this point, when the manufacturing
steps of a part printed with FFF is focused on, it
can be noticed that there are three main steps;
designing, slicing and main manufacturing. The
FFF-based 3D printer produces the final-shaped
part with deposition of layers from filament
material by managing the heated nozzle on the
compatible path with g-code [11]. Although not
limited to only some thermoplastic materials,
acrylonitrile butadiene styrene (ABS), polylactic
acid (PLA) and polyethylene terephthalate glycol
(PET-G) filaments are frequently used in 3D
printers working with FFF principles.

It is known that dimensional accuracy and surface
roughness have great importance for some
engineering applications such as polymer heat
exchanger, gear mechanism, implant or scaffolds
which can be fabricated with FFF. From the
literature efforts, it can be seen that FFF method is
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widely used for the production of investment
casting molds [12,13]. Besides, it was reported that
FFF offered 50% cost reduction and time saving
when it was compared with traditional metal mold
fabrication process [14]. According to Wohler
report [15], tooling manufactured with FFF include
thermoplastic fixtures, jigs, guides, press fixtures
which are often required in small quantities on an
assembly line. Especially topology- optimized
parts in aerospace and automotive sectors are
mostly preferred to be FFF method because of its
advantages over traditional manufacturing methods
such as time consuming and ease of production of
complex parts.

When the literature efforts are examined, it is seen
that the effect of FFF parameters on the
mechanical behaviors were investigated with
details [16,17]. However, only limited number of
studies that focus on the influences of the FFF
parameters on dimensional accuracy have been
performed up to now by the researchers. In their
study, Hanon et al. [18] focused on the influence
of the print orientation, raster direction angle,
filament color and layer height on dimensional
accuracy of the dog-bone tensile test specimens.
As a result of the study, they have expressed that
FFF printers could create polymer parts with more
than 98% of dimensional accuracy. In addition,
layer height was found as one of the most decisive
factors affecting the dimensional accuracy. On the
other hand, it was emphasized by the same
research team that the exact divisibility of the part
height by the layer height also significantly affects
the dimensional accuracy. Aside from this work,
the effect of printing parameters on dimensional
accuracy of FFF parts was also examined by Sood
et al. [19]. In another study [20], dimensional
accuracy analyses of the FFF parts were carried
out with the help of grey relational grade analysis.
According to obtained results, it was revealed that
the best dimensional accuracy was obtained 3D
printed part with layer height of 200 pm, raster
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direction of 0° angle and build orientation of 0°
and 90°. Mohamed et al. [21] considered the effect
of FFF parameters on the surface roughness and
dimensional accuracy of the 3D printed parts.
Maurya et al. [22] conducted a study in which the
authors tried to comprehend the effect of layer
height, raster angle and orientation on dimensional
accuracy of 3D printed PLA parts printed by FFF
technology. As a result of their study, the
investigation group asserted that the best process
parameter condition was found as the lowest layer
thickness (0.1 mm), raster angle and orientation of
0°. Additionally, it was noted that the dimensions
of the 3D printed parts were smaller than the CAD
model because of the shrinkage during cooling of
the material after the deposition of layer.
Nidagundi et al. [23], Anusree et al. [24], and
Wang et al. [25] reported that the smallest layer
height was determined as the optimal layer height
level for the best dimensional accuracy levels of
3D printed ABS parts according to Taguchi’s
experimental designs. Unlike, the optimal level of
layer thickness was decided to be medium level
(0.178 mm) in other studies [19,26]. Similar to
efforts were conducted on FFF applied ABS parts,
some performances [27,28] were also carried out
about influences of FFF parameters on PLA parts
as well. These efforts showed that any direct
relation between the layer height and dimensional
accuracy was not observed when the findings of
these studies were compared. Lastly, Zharylkassyn
et al. [29] claimed that the layer thickness levels
between 0.1 mm and 0.2 mm is more likely to be
optimal for the dimensional accuracy of FFF parts
that uses ABS or PLA materials when the studies
in literature reviewed in depth.

In this study, the effect of layer height on the
dimensional accuracy of 3D printed tensile test
samples prepared with three different materials
(PLA, PET-G, and ABS) was investigated. To
manufacture  the polymer samples, FFF
methodology was used. Using different polymer
filaments, the effect of the base material on the
dimensional accuracy was tested and evaluated. In
addition, to analyze the product quality detailed
roughness measurements were conducted on the
sample surfaces.
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2. MATERIALS AND METHOD

In this investigation, three different thermoplastic
filaments were used. In this context, PLA, PET-G,
and ABS filaments were selected due to their
widespread usage in industrial and academic
applications.

All filaments were supplied from Microzey
Company (Istanbul, Turkey). According to the
supplier information, Table 1 given below shows
the principal features of these filament materials.

Table 1. Properties of polymer filaments

Property PLA PET-G ABS
Colour Black Yellow Grey
Diameter 1.75 1.75 1.75
Density (kg/m°) 1240 1290 1040
Bed temperature 60-80 60-80 80- 120
Printing

temperature (°C) 190-210 | 210-250 | 220-250
Elasticity

modulus (MPa) 1500 2100 1250
Tensile strength

(MPa) 50 46 48
Elongation at

break (%) ! 8 S

PLA and PET-G samples were 3D printed by
using Ender 3 Pro V2 model 3D printer (print size
of 220x220x250 mm, maximum heated bed
temperature of 110 ° C, and maximum print speed
of 180 mm/s). During the manufacturing, black
and yellow colors were adopted for PLA and PET-
G respectively.

Aside from PLA and PET-G samples, ABS
samples were 3D printed with a Zaxe X2 model
printer which offers a printing volume of
200mmx200mmx200mm. Also, its maximum
building platform temperature and nozzle
temperature can reach up to 110 ® C and 280 ° C
respectively. In addition, usually, 0.4 mm nozzle
diameter and filament with 1.75 mm is preferred
mostly in this kind of printer. Besides, during the
production of ABS samples, grey color was
chosen. In Table 2, all manufacturing parameters
can be glanced at in detail.
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Table 2. FFF parameters selected for 3D printing

Parameter PLA PET-G ABS
Layer height (mm) 0.2;0.3;,0.4 0.2;0.3;0.4 0.2;0.3;,0.4
Infill rate (%) 100 100 100
Infill type Line Line Line
Build direction Flat Flat Flat
Support structure None None None
Adhesion type None None None
Number of contours 3 3 3
Fan speed (%) 100 100 100
Raster angle (°) 45/-45 45/-45 45/-45
Printing speed (mm/s) 40 40 40
Nozzle temperature (°C) 210 240 230
Building platform temperature (°C) 60 70 80

For analyzing the dimensional accuracy of all of
the filament types, the shape of well-defined
tensile specimens was decided. According to the
related standard of ASTM D638-14 Type 1V, the
determined printing design with height (thickness)
of 3.4 mm can be seen in Figure 1. For this
purpose, an assistant software and a slicing
program (Ultimaker Cura 4.4.1) were utilized and
they also can be seen with the used real-time
printing machine in Figure 2 and Figure 3.

19 mm

115 mm

Figure 2. Slicing software for real-time building
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Figure 3. 3D printing machine and some of the
produced tensile samples

3. RESULTS
3.1. Dimensional Accuracy Analyze Strategy

Figure 4 illustrates the measuring points of the 3D
printed tensile specimens. Three different
dimensions were taken as main control criteria:
sample length (L4, L, and L3), gage width (W, W,
and W5), and height (H;, H, and Hj). In addition,
all measurement values obtained with digital
caliper (Orion, 0.01 mm accuracy) were compared
to the initial values of CAD design in order to
ascertain the accuracy correctly. Table 3 indicates
all measurement results for each product group. On
the other side, standard deviation calculations were
exhibited in related result graphs by error bars to
show the precision (repeatability).
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« > accuracy values are above 99% for all product

0 L 1, types. If the filaments are checked up with each
other, it is evident that accuracy values calculated
for PET-G samples are higher than that of the

W W W, others. Looking at Table 3 and Figure 5, it can be
- %”_ %[L/ underlined that the highest average accuracy value

of 99.99% belongs to the sample printed with
PET-G although the lowest average accuracy value
of 99.21% is detected for the sample prepared with
ABS. This observation can be attributed to the

A comparison graph can be found in Figure 5 for ~ Nigh thermal ~expansion coefficient of ABS
different polymers. It is noticed from Figure 5 that ~ compared to other filament materials.

Figure 4. Measurement points on the samples

3.2. Accuracy in Length

Table 3. The raw results obtained from dimensional measurements of tensile test samples

Layer . Width measuring | Height measuring | Specimen
Material Sa’r\lngle height Length measuring (mm) (mm) (mm) weight (g)
(mm) Ly L, Ls W, [ W, | Wi | Hy Hy | Hs

0.2 |114.52]114.56 11458 |6.18 | 6.20 | 6.20 | 3.33 | 3.31 | 3.32 | 5.8501
0.2 |114.60|114.62|114.61|6.25|6.26 | 6.29 | 3.28 | 3.28 | 3.31 | 5.8476
0.2 |114.57 11458 |11455|6.17 | 6.19]6.21 | 3.33 | 3.30 | 3.33 | 5.8492
0.3 |114.86|114.84|11488|6.22 |6.20|6.22 |3.21]3.19|3.20| 54191
0.3 |114.73]114.75]11488|6.16 | 6.13 | 6.12 | 3.20 | 3.14 | 3.22 | 5.4095
0.3 |114.60|114.68|114.7716.20 | 6.17|6.15]3.13]3.14|3.20 | 5.3919
04 |114.71]114.82]114.69|6.28 | 6.27 | 6.31 | 3.44 | 3.43 | 3.42 | 5.7749
04 |114.62]114.63|114.68|6.28 | 6.29 |6.28 | 3.35]3.33 | 3.35| 5.6961
04 |114.68|114.66|114.67)6.38 | 6.39]6.36 | 3.36 | 3.35 | 3.36 | 5.6964
0.2 |114.95]11493|11491]6.23 |6.16|6.23 |3.34]3.36 |3.35| 5.8617
0.2 |114.62]114.69|114.68|6.16 | 6.19|6.17 | 3.34 | 3.33 | 3.32 | 5.8289
0.2 |115.12]115.10|115.12]6.44 |6.44]16.43|3.31]3.31|3.31| 5.7993
0.3 |114.99]115.01|115.01|6.44 |6.45]|6.45|3.14|3.14|3.18| 5.7555
0.3 |115.03]115.02|115.01]|6.34 |6.33]|6.32|3.13|3.14 |3.13 | 54854
0.3 [114.92]114.92]11491]6.26 | 6.26 | 6.27 | 3.16 | 3.15 | 3.16 | 5.5189
04 |115.01]114.99|115.02|6.43 |6.44]6.41|3.33]|3.29|3.32| 5.7560
04 |[115.01]114.99|114.99|16.43 |6.42|6.44|3.33|3.32|3.31| 57222
04 |114.89]114.92]11491]16.33 |6.30]6.32|3.35]3.36 |3.33| 57942
0.2 |114.57|114.57 | 11456 |6.54 | 6.56 | 6.53 | 3.51 | 3.52 | 3.50 | 5.3539
0.2 |114.10]114.12 11418 |6.21 | 6.26 | 6.21 | 3.62 | 3.66 | 3.65 | 5.3787
0.2 |114.48]114.50|114.4716.21 | 6.25|6.23 | 3.59|3.59 | 3.58 | 5.3376
0.3 |114.56]114.58 11456 |6.33 |6.31|6.29 |3.72]3.71 |3.72| 53731
03 [114.14]114.16|114.13]16.28 | 6.29 | 6.30 | 3.68 | 3.69 | 3.67 | 5.3901
0.3 |114.47]114.48]11450]6.31 | 6.30|6.30 | 3.61 ] 3.65 | 3.66 | 5.3991
04 |114.59]114.57 11458 |6.55 | 6.54|6.53 | 3.55]3.57|3.60| 5.0693
04 |114.49]114.48]114.49]16.32 |6.32|6.31 | 3.56 | 3.61 | 3.59 | 5.0805
04 |114.09]114.08|114.11]6.33|6.29|6.31 |3.68]3.65]|3.62| 5.0699

OO N[O PR|WINFRP|IO|O(NO|UOBR(WIN|FRP|O((N|O |0 RWIN| -
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Figure 5. Accuracy values in length; PLA(a),
PET- G(b) and ABS(c)

3.3. Accuracy in Width

Graphical highlights of the accuracy values in
width for additively manufactured tensile samples
can be followed in Figure 6. It can be brought
forward by glancing at Figure 6 that accuracy
results exceed almost 91% for all samples. When
the comparative analyses are conducted depending
on the filament type, there is no inconvenience to
state that accuracy results appointed for PLA
samples are more than that of the others. It can be
asserted that this outcome can be clarified with the
solidification process time of the polymers. For
instance, in their study, Alsoufi et al. [30]
expressed that ABS parts exhibited higher
dimensional errors when compared with PLA parts
due to the solidification process that allows more
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contraction. From the knowledge provided by
Table 3 and Figure 6, it is inferred that the
maximum average accuracy value of 97.72% is
seen for the sample built with PLA whereas the
minimum average accuracy value of 90.94% is
recorded for the sample printed with ABS.
Additionally, as long as the layer height values
increase, accuracy results exhibit generally a
downward trend for all types of filament materials.

PLA

100 3
99 E OSample 1,4, 7
98 ;
97 3
9 3
95 3
94 3
93 3
92 1
91 3
90 3

OSample 2,5,8 M@Sample 3,6,9

Accuracy in Width (%)

0.2 0.3 0.4
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[=]

PET-G
100 -

99 3 OSample1,4,7
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95 3
94 3
93 i +
9 i L
91 3
90 1
0.2 03

0.4

OSample 2,5,8 W Sample 3,6,9
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[=]

Layer Height, LH (mm)

ABS
100 5

99 E DSample 1,4,7
98 3
97 4
96 4

95 3
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93 3
9 i
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Layer Height, LH (mm)

Figure 6. Accuracy values in width; PLA(),
PET- G(b) and ABS(c)
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3.3. Accuracy in Height

Figure 7 demonstrates the elaborative accuracy
analyses of 3D printed polymer samples. It can be
understood from Figure 7 that accuracy values are
above 90% for all sample types. Besides, it will be
right to claim that PLA and PET-G samples
display more superior outcomes than ABS
samples. From Table 3 and Figure 7, it can be
propounded that the highest average accuracy
value of 99.11% belongs to the sample printed

100

PLA

Cagin BOLAT, Berkay ERGENE

with PET-G. As opposed to this, the lowest
average accuracy value of 90.68% is ascertained
for the sample manufactured with ABS filament.
As for the effect of the printing layer height, it is
obvious that there is not any apparent
ascending/descending relationship between
accuracy and layer height. This situation can be
explained by the combined impact of division
availability of the design height by printing layer
height and different thermal expansion/
conductivity properties of the filaments.

OSample 1,4, 7
99

98
97
96
95
94
93
92
91
90

Accuracy in Height (%)

OSample 2,5, 8

m|Sam 3,6,9

[=]

[
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Figure 7. Accuracy values in height; PLA(a), PET- G(b) and ABS(c)
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3.4. Surface Roughness Measurments

Together with the dimensional analyses, the
surface roughness features of the manufactured
PLA, PET-G, and ABS samples are also
significant and these roughness values were
measured owing to the fact that they influence the
final product quality on a large scale. It is right to
tell that the filament material plays a critical role in
the surface roughness of the produced samples.
Therefore, to reveal the differences between
surface roughness values of the 3D printed
samples with different filament materials,
measurements were carried out perpendicular to
the raster angle with a Hommel Tester T500 model
profilometer as given illustration in Figure 8.

'\ Measurement
\Dircction '

) p=Raster Angle,

Figure 8. Schematic view of the measurement
direction for surface roughness

In Figure 9, all measured surface roughness results
can be examined depending upon the filament
material type and printing layer height parameters.
According to measured data collected as R,
criteria, the best surface quality (with 2.65 pm)
belongs to samples manufactured with PLA in
spite of the fact that the worst quality (with 17.3
pum) is attained for the ABS samples. Furthermore,
it can be expressed looking at Figure 9 that there is
an affirmative interaction between the surface
roughness and printing layer height. Similar
observations were also reported by Haque et al.
[31]. This positive relationship between surface
roughness and layer height can be explained with
the difference of the top and bottom points on the
path during surface roughness measurement;
higher layer heights lead to a higher difference
between top and bottom points on the path.
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Figure 9. Surface roughness results of additively
manufactured samples; PLA(a), PET-G(b)
and ABS(c)
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4. CONCLUSIONS

As a consequence of this work scrutinizing the
dimensional accuracy success of the FFF
methodology on different polymer parts by
changing layer height factor, the following result
remarks can be listed,;
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For rapid prototyping and rapid testing, FFF is
a promising methodology and different
thermoplastic polymers can be comfortably
produced with this technique.

For longitudinally examination, the accuracy
values reach almost 99.9% for PET-G samples
because of their low thermal expansion
coefficient. The accuracy results keep
substantially stable with increasing printing
layer height.

Average mass values are 5.65 g (0.19 standard
deviation), 5.72 g (0.13 standard deviation) and
5.27 g (0.15 standard deviation) for PLA, PET-
G and ABS parts.

From the point of width accuracy, the highest
calculated average accuracy level exceeds
97.7% for the sample prepared with PLA. Also,
if the printing layer height increases, the
accuracy values, in particular with PET-G and
ABS samples, gain a downward tendency.
From the data collected in height analyses, it is
seen that there is not a direct reciprocal
correlation between printing layer height and
accuracy levels of polymer parts.

As the printing layer height elevates from 0.2
mm to 0.4 mm, measured surface roughness
values also go up regardless of the polymer
filament type. Besides, the best surface quality
belongs to the sample produced with PLA
owing to its better bonding capacity.
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Oz

Bal petegi yapilar giiniimiizde birgok konstriikksiyon igerisinde siklikla kullanilmaktadir. Bu nedenle bal
petegi yapilarindan firetilmig {riinlerin mekanik &zelliklerinin aragtirilmasi giincel bir konu olarak
karsimiza ¢ikmaktadir. Bu calismada bal petegi ¢ekirdek yapisina sahip, ABS ve PLA malzemeleri
kullanilarak {i¢ boyutlu yazici ile iretilen sandvi¢ yapilarin egme dayanimlari deneysel olarak
incelenmistir. Deneylerde sandvi¢ yapr igerisindeki, bal petegi ¢ekirdek yapisinin hiicre ¢ap1 degisiminin,
egme mukavemeti iizerine etkisi deneysel olarak arastirilmistir. Bu amagla ii¢ farkli hiicre ¢ap1 icin
deneyler gerceklestirilmistir. Her bir deneyin ii¢ kez tekrar edilmesi ile toplamda on sekiz adet {i¢ nokta
egme testi uygulanmistir. Ayrica deneylerin giivenilirliginin artirilmast amaciyla 6zel olarak
konumlandirma ekipmani tasarlanmusg ve iretilmistir. Gergeklestirilen deneyler sonucunda kuvvet — sehim
egrileri elde edilmistir. PLA malzemeden iiretilen numunelerin ABS numunelere gore daha mukavim
oldugu tespit edilmistir. Ayrica her iki malzeme i¢in de 9 mm hiicre ¢apina sahip numunelerin en yiiksek
dayanima sahip oldugu, 12 mm hiicre ¢apina sahip numunelerin ise en diisitk dayanima sahip oldugu
belirlenmistir.

Anahtar Kelimeler: Eklemeli imalat yontemi, 3B Yazici, Egme testi, Bal petegi yapilar, Farkli hiicre
capt, ABS, PLA

“Sorumlu yazar (Corresponding Author): Serdar KAVELOGLU, skaveloglu@ksu.edu.tr
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Investigation of Bending Strength of Honeycomb Sandwich Structures with
Different Cell Diameters Produced by 3D Printer

Abstract

Honeycomb structures are frequently used in many constructions today. For this reason, the investigation
of the mechanical properties of products produced from honeycomb structures is a current issue. In this
study, the bending strengths of sandwich structures with honeycomb core produced with a three-
dimensional printer using ABS and PLA materials were experimentally investigated. In the experiments,
the effect of the cell diameter change of the honeycomb core on the bending strength was investigated
experimentally in the sandwich structures. For this purpose, experiments were carried out for three
different cell diameters. A total of eighteen three-point bending tests were applied, with each experiment
repeated three times. In addition, positioning equipment has been specially designed and produced to
increase the reliability of the experiments. As a result of the experiments carried out, force-elongation
curves were obtained. It has been determined that the samples produced from PLA material are more
durable than ABS samples. In addition, it was determined that the samples with a cell diameter of 9 mm
had the highest strength, while the samples with a cell diameter of 12 mm had the lowest strength for both
materials.

Keywords: Additive manufacturing method, 3D printer, Flexural test, Honeycomb structures, Different
cell diameters, ABS, PLA

1. GiRiS ambalaj, ¢anta ve bavul sektdrlerinde bal petegi
sandvig panelleri kullanilmaktadir [1].

Bal petegi ¢ekirdekli sandvi¢ plakalar hava, kara
ve deniz araclarinda {reticiler ig¢in agirliktan Farkli malzemelerden iretilmis sandvi¢ yapilarin
tasarruf etmesi, dolayisiyla diisiik yakit tiiketimi, —mekanik Ozellikleri literatiirde birgok arastirmaya
yiklere maruz kaldiklarinda iistin mekanik ~ konu olmaktadir. He ve arkadaslari [2] deneysel,
davranislari, yangin durumunda duman ve zehirli ~ sayisal ve teorik yontemleri birlestirerek, farkli
gaz seviyesinin izin verilen seviyenin altinda yapisal konfigiirasyonlara ~sahip bal petegi
olmas, i¢ giiriiltii seviyesini azaltmasi bakimmndan ~ ¢ekirdekli sandvi¢ panellerin egme mukavemeti
vazgecilmez bir yapidir. Ayrica bal petegi Uzerindeki darbe kaynakli hasarin etkilerini
cekirdekli sandvi¢ vyapilar insa sektoriinde arastirmuslardir. Petek ¢ekirdegi, hiicre duvari
kapilarda, kaymaz hafif zemin panellerinde, kalimliginin arttirilmasit veya yan uzunlugunun
ambalaj sektdriinde hassas cihaz ve iyi korunmasi azaltilmasi, petek yapilarmin darbe dayanimi
gereken  elektronik  cihazlarin  taginmasinda performansi lizerinde Onemli etkilere sahipken,
kullanim artan bir sekilde kullanilmaktadur. ¢ekirdek yiiksekliginin  arttirilmast  pik  yiik
tizerinde ¢ok az etkiye sahip oldugu tespit
Bal petegi sandvi¢ kompozit yapilar, hafiflik, edilmistir. Najafi ve arkadaslar1 [3] dort farkli
darbe dayammu ile basma dayammnin yiiksek —¢ekirdek geometrisine sahip sandvig yapilarmin
olmasi, iretilen malzemeye bagli olarak ¢gme dayammlarim deneysel ve niimerik olarak
kimyasallara ve suya karsi dayamkli olmasi arastirmustir. Yik-schim davransi, enerji emilimi,
sebebiyle vidalama, delme, ekleme, tamirat gibi ~numunelerin rijitligi ve yiik tagima kapasitesi
bircok  kullanim  avantajina  sahiptir. Bu  degerlendirilmistir. Cekirdek topolojisinin hiicresel
avantajlarindan faydalanilmak iizere otomotiv, tasarimi, hata modu ve sandvi¢ kiriglerin enerji
hafif ticari arag, yatcilik, hizli tren, riizgar enerjisi, absorpsiyonu lizerinde onemli bir etkiye sahip

giines panelleri, beyaz esya, prefabrik ev, insaat, oldugu tespit edilmistir. Aslan ve arkadaslar1 [4]
karbon, cam elyaf, aliminyum, polietilen
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terafitalat (PET) sert kopiik, aliminyum bal petegi

ve polietilen (PP) bal petegi ¢ekirdek
malzemelerinden olusan, sandvig panel
kompozitlerin mekanik 6zelliklerini  deneysel

olarak incelemislerdir. Deney sonuglarina gore
cekirdek malzemelerin, ylizey malzemelerine gore
mekanik Ozelliklere daha fazla etki ettigi
belirlenmistir. Baz1 ¢alismalarda ise biyomimetik
entegre petek plakalarda isleme deliklerinin basi
[5] ve egme mukavemeti [6] tizerine olan etkileri
deneysel olarak arastirilmigtir.  Tunca ve
arkadaglar1 [7] dis1 karbon fiber i¢i PLA
malzemesinden tasarlanan sandvi¢ kompozit
plakalarin ANSYS ortaminda sonlu elemanlar
analizini gerceklestirerek Onerilen yeni
malzemenin havacilik yapilarinda
kullanilabilecegini gostermislerdir.

Son yillarda eklemeli imalat yontemi endiistride
giderek daha yaygm kullanim alanlar1 bulmaya
baglamis ve bir¢ok arastirmacinin da ilgi odagi
olmustur. Eklemeli imalat yonteminde hazirlanan
CAD geometrileri, ii¢ boyutlu yazicilarda
katmanlar halinde iiretilmektedir. Bu da tiretimde
karmagik yapilarin kolay bir sekilde tretilmesini
saglamaktadir. Ancak iiretim adetleri eklemeli
imalatta oldukga diisiik sayilarda olmaktadir. Yine
de literatiir incelendiginde eklemeli iiretimde
kullanilan malzemelerin mekanik 6zelliklerinin
tespit edilmesi iizerine birgok c¢aligmanin oldugu
goriilmektedir. Oztiirk [8] 3 boyutlu yazici ile
iiretilen dort farkli kompozit sandvig¢ yapinin statik
ve dinamik yiik altinda davranislarini incelemistir.
Sandvi¢ yapilar Bal petegi, Girintili, Yildiz ve
Uggen olarak tasarlanmistir. Basma, ii¢ nokta
egme ve carpigma testleri yapilan modellerden
Girintili sandvi¢ yap1 en iyi mekanik o6zellikler
gosterdigi tespit edilmistir. Kamer ve arkadaslar
[9,10] ¢ok farkli tiretim parametreleri altinda 3D
yazicida iretilen c¢ekme test numunelerinin
mekanik 6zelliklerini deneysel olarak incelemistir.
Yapilan testlerde filament renginin g¢ekme
numunelerinin mekanik 6zelliklerine kayda deger
etkisinin olmadigi, kullanilan dolgu desenleri
arasinda Concentric dolgu deseninin en iyi
performans gosterdigi belirlenmistir. Yine bir
bagka calismada ise egme test numunelerinin
mekanik 6zellikleri deneysel olarak incelenmistir.
Yapilan {i¢ nokta egme testlerinde PLA

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

malzemenin egme dayaniminin ABS malzemeden
istiin oldugu, dolgu deseninin egme dayanimim
onemli oranda degistirdigi tespit edilmistir [11].

Bal petegi sandvi¢ yapilarin iretiminde son
yillarda eklemeli imalat yontemi de kullanilmaya
yaygin olarak baslanmistir. Buna paralel olarak ti¢
boyutlu yazicilar kullanilarak iiretilen bal petegi
sandvi¢ yapilarin mekanik ozellikleri iizerine
literatiirde  birgok yeni ¢alismanin  oldugu
goriilmiistiir. Pirouzfar ve arkadaglari [12] eklemeli
imalat ile ftretilen petek ¢ekirdekli ve E-
cam/epoksi yiizeyli sandvi¢ yapilarin egme
ozelliklerine geometrik parametrelerin etkisini
deneysel olarak incelemislerdir. Bal petegi yapilar
icin 1-1,5-2 mm olmak {izere ii¢ hiicre duvar
kalinlig1 ile bal petegini yatay ve dikey olarak ele
almiglardir. Deneyler sonucunda 1,5 mm et
kalinligina sahip yatay bal petegi cekirdekten
olusan yapinin maksimum normalize edilmis enerji
absorpsiyonuna sahip oldugunu gostermisler.
Ayrica gergeklestirilen deneyler sonlu elemanlar
yontemi ile tekrarlanarak deneylerin dogrulugu
kontrol edilmistir. Cheng ve arkadaslart [13] 3D
printer ile yazdirilmis hafif petek kompozitlerin
hata ve geri kazanim mekanizmalarin1 deneysel
olarak arastirllmistir. Gergeklestirilen deneysel
caligma sayesinde, 3D baskili kompozit yapilarin
gelismis mekanik performansini ve 1s1 uyarisi
altinda yeniden ayni sekle gelme yetenekleri
gosterilmistir. Ghanbari-Ghazijahani ve arkadaslar
[14] {¢ nokta egme testi altinda 3D baskili
kompozit kirislerin tasarimini, imalatin1 ve yapisal
testlerini  incelemislerdir. ~ Farkli  malzeme
bilesimlerine ve baski yogunluklarina sahip kirisler
tasarlanmig, basilmis ve test edilmistir. Tim
numunelerde  dolgu  yogunlugunun  egme
kapasitesini etkiledigi tespit edilmistir. Kiriglerin
iist ve alt kisimlarinda PLA+ bulunan numunelerin
yik tasima kapasitesi, ahsap flansli esdeger
kiriglere gore daha yiiksek oldugu belirlenmistir.
Zeng ve arkadaglari [15] eklemeli imalat
yontemiyle PLA filamentle siirekli karbon fiberi
birlikte kullanarak bal petegi sandvi¢ yapilarin
basma yiikii altinda davramiglarin1 deneysel olarak
incelemislerdir. Yapilan testlerden siirekli karbon
fiber takviyeli bal petegi kompozitlerin hafif akill
sistemler  ve  enerji emici cihazlarda
kullanilabilecegini  gdstermiglerdir. Dou  ve
arkadaglar [16] siirekli karbon fiber takviyeli PLA
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bal petegi yapilar ile sadece PLA filamentten
iiretilen bap petegi yapilarin darbe dayanimlarini
incelemislerdir. Deneysel sonuglara gore siirekli
karbon fiber takviyeli bal petegi yapilarin darbe
kuvveti ve absorbe edilen enerji miktari, sadece
PLA’lL yapilara gore yaklagik 3-4 kat1 oldugunu
tespit etmislerdir.

Bu calismada eklemeli imalat yontemi ile iiretilen
farkli hiicre caplarinda ve farkli malzemelerden
iiretilmis bal petegi ¢ekirdek yapisina sahip egme
numunelerinin - i¢  nokta egme testleri
gerceklestirilmistir. Literatiirdeki bir¢ok
calismadan farkli olarak, iretilen sandvig
numunelerin  ¢ekirdek ve yiizey kisimlari
yapistirict  kullamilmadan  tek  seferde aym
malzemeden 1ii¢ boyutlu yazicida iretilmistir.
Deneylerde hem malzeme etkisi hem de g¢ekirdek
hiicre capmin egme dayanimi iizerine etkisi
aragtirtlmistir.  Her bir deney {ii¢ kez tekrar
edilmekle birlikte toplamda on sekiz adet i¢ nokta

egme testi gergeklestirilmistir. Testlerde
konumlandirma hatasinin en aza indirilmesi igin
6zel olarak bu testlere 06zglin kullanilacak
konumlandirma aparati tasarlanmis, iretilmis ve
deneylerde kullanilmistir. Gergeklestirilen
deneyler sonucunda kuvvet — sehim egrileri elde
edilerek yorumlanmuistir.

2. MATERYAL VE METOT

2.1. Eklemeli imalat Yontemi ile Bal Petegi
Yapilarinin Uretimi

Bu c¢alismada i¢ boyutlu yazict ile farkli
malzemelerden iretilen farkli hiicre ¢aplarina
sahip bal petegi yapilarinin egme dayanimlari
deneysel olarak incelenmistir. Uretilen test
numuneleri  farkli ¢aplarda ancak kiyaslama
yapilabilmesi i¢in yaklasik olarak birbirine esit
yiizey alanma sahip olacak sekilde tasarlanmistir.

Cizelge 1. Uretilen test numunelerinin hiicre ¢ap1 ve duvar kalinlig1 degerleri

Hiicre ¢cap1 D (mm) Hiicre duvar kalinhig: t (mm) Hiicre yiizey alani (mmz)
6 0,8 3331,33
9 1.2 3410,18
12 1,6 3221,11

Sekil 1. Farkl: hiicre ¢ap1 ve duvar kalinliklari i¢in
tek bir bal petegi yapisinin degisimi

Bu calismada kullanilan deney numunelerindeki
her bir hiicrenin ¢ap1 duvar kalinlig1 ve buna bagh
olarak elde edilen yiizey alanlari Cizelge’l de
gosterilmektedir. Cizelge 1 incelendiginde 6-9 ve
12 mm hiicre ¢aplari igin dlgiileri 75 x 200 mm eni
ve boyundaki egme numunelerinin hiicre ylizey
alanlar1 oldukga birbirine yakin elde edilmistir. Bu
nedenle gergeklestirilen deneylerde farkli yiizey
alan etkisi en aza indirilmesi hedeflenmistir.
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Sekil 1°de egme test numunelerinin ig¢yapisint
olusturan bal petegi yapilarmin birim altigenlerin
boyutsal degisimleri goriilmektedir. 6 mm hiicre
capna sahip altigen yapmin duvar kalinligi da
¢apina oranla kiigiik iken 12 mm hiicre kalinligina
sahip  yapmin  duvar  kalinliginin  arttigi
goriilmektedir. Bu nedenle 6 mm hiicre ¢apina
sahip deney numunelerinde ¢ok sayida hiicre
bulunurken, hiicre c¢ap1 biiyiidikce egme test
numunesi  igerisindeki  hiicre  sayist  da
azalmaktadir.

Egme numuneleri 1,75 mm c¢apli filamentlerden
retilmistir. Bu c¢alismada filamet tiiri olarak ii¢
boyutlu yazicilarda en ¢ok kullanilan PLA ve ABS
malzemeleri tercih edilmistir. PLA numunelerde
mavi renkli Filament Diinyasi marka, ABS
numunelerde ise siyah renkli Esun marka
filamentler kullanilmustir.
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Sekil 2. Test numunelerinin iiretiminde kullanilan
Zaxe Z1 Plus ii¢ boyutlu yazicist

Egme test numuneleri Zaxe Z1 Plus ii¢ boyutlu
yazicist kullanilarak iiretilmistir. Yazicinin baski
hacmi X, Y ve Z eksenlerinde sirasiyla 300 mm/
300 mm/300 mm olup, 0,4 mm’lik bir nozul
kullanilarak, iiretim parametreleri, kullanilan
malzeme ve par¢a boyutuna bagli olarak 50 pm—
400 pm arasinda hassasiyete sahiptir. Bu

calismada kullanilan {i¢  boyutlu yazicinin
goriniimii Sekil 2°de goriilmektedir.
Tasarlanan  deney numuneleri STL dosya

formatina gevrilerek, li¢ boyutlu yazici iiretim
parametrelerinin  belirlenmesi ve G kodlarinin
olusturulmas: i¢in X Desktop CAM yazilimina
aktarilmistir. X Desktop CAM yaziliminda
belirlenen {iretim parametreleri Cizelge 2’de
gosterilmektedir. Buna goére her bir test numunesi
lines dolgu deseninde ve %100 dolgu yogunlugu
ile dretilmigtir. ~ Ayrica, numunelerin  ayn
Ozelliklerde tretilebilmesi igin her bir hiicre ¢apina
ait ¢ farkli G kodu kullanilmigtir. Her bir test
numunesi iic boyutlu yazici tablasinin merkezine
konumlandirilmig ve iiretilen G kodu her bir
numunede ayri ayr1 calistirilarak numunelerin
miimkiin oldugunca esit sartlarda iretilmesi
hedeflenmistir.
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Cizelge 2. X Desktop CAM yaziliminda segilen
parametreler

Parametre Degeri
Yazici Zaxe Z1 Plus
Malzeme PLA-ABS
Filament Cap1 1,75 mm
Katman Kalinligi 0,2 mm
Duvar Kaliligt 0,8/1,2/1,6 mm
Ust/Alt Kalinhigt 0
Dolgu Yogunlugu %100
Dolgu Deseni Lines
Yazdirma Hizi 60 mm/s
Bosta Gezme Hiz1 120 mm/s

Egme test numunelerinin boy, genislik ve
yiikseklik uzunluklart ASTM C393-16 standardina
uygun olarak tiretilmistir. Numuneler 6-9-12 mm
hiicre ¢apinda sirastyla 0,6-0,8-1,2 mm duvar
kalinliklarinda, 10 mm hiicre yiiksekliginde, 1’er
mm alt ve {ist plaka kalinliginda olmak iizere ii¢
boyutlu yazicida iretilmistir. Numunelerin dis
Olgiileri 75 mm x 200 mm olarak belirlenmistir.
Sekil 3’te egme numunesinin belirlenen iretim
parametreleri altinda {i¢ boyutlu yazici ile tiretimi
goriilmektedir. Ayrica, li¢ boyutlu yazici ile liretim
asamasindaki birgok iiretim parametresi X Desktop
CAM yazilimindaki varsayilan ayarlar kullanilarak
uretilmistir.

Sekil 3. Egme numunesinin belirlenen
parametreler altinda ii¢ boyutlu yazici ile
tiretilmesi
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Uretilen egme test numuneleri birbiri ile ayni
ozelliklerde olup olmadiginin kontrolii ve porozite
(bosluk ylizdesi) degerlerinin hesaplanabilmesi
icin KERN PLS 6200-2A (kapasite: 6.200 g,
hassasiyet: 0,01 g) hassas teraziyle kiitle dl¢iimleri
yapilmistir. Ug farkli hiicre capindaki bal petegi
egme numunelerinin hacimleri Solidworks tasarim
programindan  elde edilmigti. Bu  hacim
degerlerinden  teorik  kiitleleri  hesaplanarak
Esitlik 1°e gore porozite yiizdeleri bulunmustur.

=TK—OK Wl

X 00 (1)

P(%)

Burada P porozite yiizdesi, TK teorik kiitle ve OK
Olciilen kiitle olarak tanimlanmaktadir.

Ayrica PLA ve ABS numunelere egme deneyi
uygulanmadan once tagmabilir kalem tipi MH210
yizey sertlik cihazi ile olglimler yapilmustir.
Olgiim yapilmadan 6nce ii¢ boyutlu yazicida
Sekil 4°de gosterilen eflatun renkli aparat
tretilmistir. Bu aparat, her numunenin miimkiin
oldugunca aynmi noktalarindan 6l¢iim yapilmasini
saglamistir. Olgiimler, numunelerin alt yiizeyi
(tiretim esnasinda tablaya temas eden ylizey) ile
st yiizeyindeki bes noktanin 6lgiim degerlerinin
ortalamasi alinarak, Cizelge 3’de Shore cinsinden
sertlik degerleri ¢izelgesi diizenlenmistir. Sandvig
yapidaki hiicrelerin bal petegi seklinde bosluklu
olmasi, sertlik degerleri arasinda farkli liklara
sebep olmustur. PLA numunelerinin yiizey
sertlikleri, ABS numunelerinin ylizey

sertliklerinden daha ytiksek oldugu goriilmektedir.

Sekil 4. Egme numunelerinin yiizey sertliklerinin
Ol¢timlerinin gdsterimi a) PLA
numunelerin 6l¢iimii b) ABS numunelerin
ol¢timii
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Cizelge 3. PLA ve ABS numunelerin Shore
cinsinden yiizey sertlik degerleri

PLA ABS
N.No Ust Alt Ust Alt
yiizey yiizey yiizey yiizey

d6-t08_1 78,1 71,2 63,1 67,0
d6-t08_2 83,3 75,1 62,6 66,0
d6-t08_3 79,9 65,9 63,9 68,2
do-t12 1 83,2 63,1 76,0 57,7
do-t12_2 68,7 70,2 62,5 515
do-t12_3 73,2 70,8 60,6 66,7
d12-116_1 77,0 62,8 53,8 63,3
d12-t16_2 81,4 55,0 60,6 60,5
d12-t16_3 79,7 59,9 52,7 61,2
Ortalama 78,3 66,0 61,8 62,5

2.2. Bal Petegi Yapilarmin U¢ Nokta Egme
Deneyleri

3 nokta egme testleri Sekil 5’te gosterilen 100 kN
kapasiteli Zwick/Roell marka Z100 tip ¢ekme
cihazinin basma tarafi ve ii¢ nokta egme test
aparatiyla  gerceklestirilmistir.  Uretilen egme
numunelerinin 3 nokta egme testlerinde ASTM
C393-16 standardi [17] kullanilmigtir. Yapilan
testlerde, test hiz1 6 mm/dk olarak uygulanmustir.
Testlerin  stiresi 2 ila 3 dakika arasinda
gerceklesmistir.

-

Sekil 5. Zwick/Roell marka Z100 tip gekme cihazi
Ug nokta egme testlerinde karsilasilan en biiyiik

problemlerden bir tanesi numunelerin egme aparati
tizerine konumlandirilmasidir. Yapilan testlerden
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daha dogru ve giivenilir sonuglarin alinabilmesi
icin numunenin egme aparati lzerinde her
defasinda  aymi  yerde  konumlandirilmasi
gerekmektedir.

Sekil 6. Egme testleri i¢in iiretilen 6zel aparat

Bu problemin ortadan kaldirilabilmesi igin
Sekil 6’te gosterilen iki farkli pargadan olusan
mastar ekipmanlar1 tasarlanmig ve ii¢ boyutlu
yazict ile {retilerek testlerde kullanilmistir.
Uretilen bu konum sabitleyici ekipmanlar
sayesinde, iretilen tiim egme numunelerine ayni
nokta Tlizerinden kuvvet uygulanmasi suretiyle
olusabilecek konumlandirma hatalar sifirlanmistir.
Sekil 7’de ABS ve PLA malzemelerinden
iiretilmis egme numunelerinin, {i¢ nokta egme
testinin yapilig swrasina gore farkli anlardaki
durumlar1 ve tasarlanan sabitleme ekipmaninin
kullanim asamalar1 goriilmektedir.

g ) ¢

Sekil 7. ABS ve PLA numunelerin {i¢ nokta egme
testi sirasinda farkli anlardaki durumlari
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3. BULGULAR VE TARTISMA

Uc boyutlu yazicida ayni parametrelerde PLA ve
ABS filamentler kullanilarak farkli  hiicre
¢aplarinda iiretilen numunelere egme testi yapilmis
ve maksimum egme kuvvetleri karsilastirilmistir.

Bir malzemenin porozite ylizdesi malzemenin
mekanik 6zelliklerini belirlemede etkilidir [18]. Bu
yiizden her bir hiicre c¢apindaki numunelerin
Olgiilen kiitle, teorik kiitle ve hesaplanan porozite
ylzdeleri Cizelge 4 ve 5’de gosterilmistir. Bu
gizelgelerde yogunlugu 1,31 g/cm® olan PLA
numunelerinin, yogunlugu 1,10 g/cm® olan ABS
numunelerinden daha biiyiik kiitleye sahip oldugu
goriilmiistir.  Ug¢  farkli  hiicre  capindaki
numunelerin kendi aralarinda kiitlelerinin birbirine
yakin oldugu, hiicre c¢apmna gore Kkiitlelerinin
biiyiikten  kiigiige dogru d9-d6-d12 seklinde
siralandig1 tespit edilmistir.

ABS numunelerin porozite yiizdelerinin PLA
numunelerin porozite yiizdelerinden daha yiiksek
oldugu goriilmiistiir. Bunun sebebi numuneler
arasinda fark olmamasi i¢gin ABS ve PLA
numuneler ayn1 yazdirma hizinda yazdirtlmistir.
Oysaki ABS numunelerinin katlar arasinda daha az
bosluklu olmasi i¢in yazdirma hizinin daha diisiik
olmast gerekirdi [19]. Bu yiizden ABS
numunelerin PLA numunelere gore daha yiiksek
porozite oranlari ¢ikmustir.

Cizelge 4. PLA  numunelerin  olgiilen  ve
hesaplanan kiitle degerleri

NK NH [ NY [ NTK [ P

@ (@ (@ (@ (%)
d6-t08 1 74,05 63,31 1,17 82,94 10,7
d6-t08_2 74,53 63,31 1,17 82,94 10,1
d6-t08_3 74,81 63,31 1,18 82,94 9,8
do-t12 1 81,05 64,10 1,26 83,97 3,5
do-t12_2 80,14 64,10 1,25 83,97 4.6
do-t12_3 79,76 64,10 1,24 83,97 50
d12-t16_1 73,93 62,21 1,18 81,50 9,3
d12-t16_2 73,43 62,21 1,18 81,50 9,9
d12-t16_3 73,85 62,21 1,18 81,50 9,4

N.NO: Numune numarasi, NK: Numune kiitlesi,
NH: Numune hacmi, NY: Numune yogunlugu,
NTK: Numune teorik kiitlesi, P(%): Numunenin
porozitesi
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Cizelge 5. ABS numunelerin 6l¢iilen ve hesaplanan kiitle degerleri

N.No NK (9) NH (9) NY (g) NTK (9) P (%)
d6-t08_1 59,80 63,31 0,94 69,64 141
d6-t08_2 59,88 63,31 0,94 69,64 14,0
d6-t08_3 59,93 63,31 0,94 69,64 13,9
do-t12 1 64,66 64,10 1,00 70,51 8,3
do-t12 2 64,82 64,10 1,01 70,51 8,1
do-t12_3 62,47 64,10 0,97 70,51 11,4
d12-t16_1 57,23 62,21 0,92 68,43 16,4
d12-t16_2 57,03 62,21 0,91 68,43 16,7
d12-t16_3 57,19 62,21 0,91 68,43 16,4
00 1400 -

800 - Ty
\ 1200 -
700 - 1
| 1000
600
V—'. J ~ ﬁ 8O0
3 \ 3
Z o o
o 4
300
400 -
200 — = abs 6108 — —Phladeg
— b5 9 112 200 —pladot12
100 — s ditis — pladi2ti6
0 . ) 0 - . . )
0 5 10 15 0 2 4 6 8 10
Sehim [mm] Sehim [mm]
a) b)

Sekil 8. a) ABS ve b) PLA numunelerin egme testi sonrasi kuvvet — sehim grafigi

PLA ve ABS malzemelerden iiretilen numunelerin
iic nokta egme testleri sonucunda elde edilen
ortalama kuvvet-sehim grafikleri Sekil 8 a) ve
8 Db)’de gosterilmektedir. Her iki malzemeden
iiretilen numunelerde hiicre ¢apt 9 mm oldugu
durumda en  yiksek dayanimin  oldugu
goriilmektedir. En disiik kuvvet degerlerinin ise
12 mm hiicre ¢apina sahip numunelerde oldugu
goriilmektedir. Ayrica hiicre ¢ap1 degisiminin ABS
malzemesinden liretilen numunelerde PLA
malzemesinden iiretilen numunelere gore ¢ok daha
etkili oldugu gorilmektedir. Ayrica ABS

466

malzemelerin PLA malzemelerine gore yaklasik
%50 daha fazla esnedigi ve daha siinek davrandigi
goriilmektedir. Bununla birlikte PLA
malzemesinden {iretilen egme numunelerinin
ABS’den iiretilen numunelere gore yaklagik olarak
%50 daha fazla yiik tasidig1 tespit edilmistir. Sekil
9 ve 10°da PLA numunelere ait egme testi sonrasi
gorintiilerde gorilldigi tizere egme testi yapilan
ti¢ farkl hiicre ¢apindaki PLA numuneler gevrek
davranig  gostermistir. Numunelerin  tamami
kirilarak iki parcaya ayrilmustir.
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Sekil 10. PLA numunelerin egme testi sonrast 6n goriiniisleri a) 6x0.8 mm b) 9x1.2 mm ¢) 12x1.6 mm

Sekil 11, 12 ve 13’de ABS numunelere ait farkli

goriiniislerdeki egme testi sonrast goriintiiler
gosterilmektedir. ~ ABS ~ numunelerde  PLA
numunelerdeki gibi kirllma  gerceklesmedigi

goriilmekte olup, Sekil 11°de isaretli bolgelerde
numunelerin hiicre ¢ap1 biyldiikge iist yiizey ile
cekirdek arasinda delaminasyonlar gergeklesmistir.
Sekil 12’a)’da 1 numarali numune egme yikiine

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

maruz  kaldiginda  ¢ekirdekte  delaminasyon
olusmustur. Sekil 12 ve 13’de numunelere iistten
uygulanan kuvvetin hizasinda alt ylizey ve
¢ekirdekte catlaklar olusmustur. Cekme
gerilmesine maruz kalan alt yiizeydeki bolgede
numunelerin hiicre ¢ap1 biiylidikkge birim alandaki
hiicre sayist azaldigindan dolayr hasarin azaldig
tespit edilmistir.

467



3 Boyutlu Yazici ile Uretilen Farkli Hiicre Caplarindaki Bal Petesi Sandvi¢ Yapilarmm Egme Dayanimlarinin
Incelenmesi

FINID0D> hals 1042
Bafpctap) Der:
23

4o 0¥
AZ

00 hafoprlord

RLS —001~

FSw200 = fho (021 -?-{520'%0 h5‘l¢/04{
Bolpetey) Dasen

O =a
€:07%
ABS —o02-

Sekil 12. ABS numunelerin egme testi sonras1 numune sirasina gore 6n goriiniisleri a) 6x0.8 mm b)
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Sekil 13. ABS numunelerin egme testi sonrast 1t goriiniisleri a) 6x0.8mm b) 9x1.2mm c) 12x1.6m
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4. SONUCLAR

Bu calismada, eklemeli imalat yontemi ile ABS ve
PLA malzemelerinde firetilen g¢ekirdek kisimlari
farkli bal petegi hiicre boyutlarina sahip sandvig
egme deney numunelerin, ii¢ nokta egme testleri
deneysel olarak gergeklestirilmistir. Deneylerde
ayni yilizey alanina ve farkli geometrik 6zelliklere
sahip bal petegi yapilarinin egme dayanimi iizerine
etkisi aragtirtlmistir. Bu calismadan elde edilen
sonuglar agagidaki gibi 6zetlenebilir.

e Her iki filamentten farkli hiicre c¢aplarinda
tiretilen numunelerin kuvvet—sehim
grafiklerinde elastik bolgelerin birbirine yakin
oldugu belirlenmistir.

e Hiicre ¢ap1 9 mm olan numunelerde, en yiiksek
egme mukavemet degeri gorilmistiir. Hiicre
caplarinin farkli porozite yiizdelerine sahip
olmasi kiitle farkina sebep olmus, numunelerin
kiitle degerlerinin mukavemet degerlerinde
etkili oldugu goriilmiistiir.

e PLA filament numunelerinden elde edilen
egme mukavemet degeri ABS filament
numunelerinden elde edilen egme mukavemet
degerinden yaklagik %50 daha yiiksek oldugu
tespit edilmistir.

e ABS numunelerde PLA numunelere gore daha
fazla sehim gerceklesmistir. Dolayisiyla ABS
malzemeden {iretilen numunelerin daha siinek
yapida oldugunu gostermektedir.

e PLA numunelerin ABS numunelerine gore
yiizey sertlik degerlerinin daha yiiksek oldugu
tespit edilmistir. Deney esnasinda PLA
malzemeden {iretilen {i¢ farkli hiicre ¢apindaki
numunelerin hepsinin orta bolgeden kirildigy,
ABS numunelerinde ise kirilmanin olmadig
goriilmiigtir. Bu durumun literatiire uygun
olarak, yiizey sertligi yiiksek malzemelerin
egme yikiine karsi daha rijit ve kirilgan
davranisi ile agiklanabilir [20].
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e Numuneler geleneksel liretimin  diginda
cekirdek ve yiizey yapistirict kullanmadan
eklemeli imalat yontemiyle birlikte tiretilmistir.
Egme yiikiine maruz kalan bu numunelerde,
yiizey ve c¢ekirdegin birbirinden ayrilmadigi
tespit edilmistir.

Bu calismanin ardindan, farkli hiicre ¢apina sahip
sandvi¢ yapilarin basma, darbe dayanimlar1 da
incelenecektir. Ayrica, gergeklestirilen deneylerin
niimerik olarak bir sonlu elemanlar program
yardimiyla dogrulanmasi da hedeflenmektedir.
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Oz

Temiz ve yenilenebilir enerji kaynaklarindan biri olan giines enerjisi sera gazi emisyonu olusturmamasi,
simirsiz kaynak potansiyeli ve kaynak erisilebilirligi gibi olumlu etkileri nedeniyle siklikla tercih
edilmektedir. Bu nedenle iilkemizde giines enerjisi santrallerinden elektrik iiretimi olduk¢a yaygindir.
Giines enerjisinden elektrik {iretimi, fotovoltaik (FV) hiicrelerin giines 1simmini elektrik enerjisine
dontistiirmesi  ile ger¢eklesmektedir. Bu c¢alisgmada Matlab@Simulink yaziliminda modellenen
monokristal (c-Si) yapidaki bir FV panelin laboratuvar ve dis ortam kosullarindaki davranislari
karsilastirilmistir. Daha sonra Osmaniye Korkut Ata Universitesi Mithendislik Fakiiltesi ¢atisina kurulan
sistem ile dig ortam kosullarinda bulunan FV panelin performans sonuglart incelenmistir. Elde edilen
sonuglara gére model ve deneysel sistemin birbirleriyle uyumlu oldugu gézlemlenmistir.

Anahtar Kelimeler: Giines enerjisi, FV modelleme, Matlab@Simulink, Dis ortam kosullar1

Modeling of Photovoltaic Panel with Matlab@Simulink and Investigation of
Behaviour in Outdoor Conditions

Abstract

Solar energy, which is one of the clean and renewable energy sources, is frequently preferred due to its
positive effects such as not generating greenhouse gas emissions, unlimited resource potential and
resource accessibility. Therefore, electricity generation from solar power plants is quite common in our
country. The generation of electricity from solar energy occurs by converting solar radiation into
electrical energy from photovoltaic (PV) cells. In this study, the behavior of a monocrystalline (c-Si) PV
panel modeled in the Matlab@Simulink software under laboratory and outdoor conditions was compared.
Then, the performance results of the system installed on the roof of Osmaniye Korkut Ata University
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Engineering Faculty and the PV panel in outdoor conditions were examined. According to the results, it
was observed that the model and the experimental system were compatible with each other.

Keywords: Solar energy, PV modelling, Matlab@Simulink, Outdoor conditions

1. GIRIS

Enerji, tlkelerin ekonomik kalkinma planlarinda
onemli bir yere sahiptir. Tirkiye gibi gelismekte
olan iilkelerdeki niifus artisi, gelisen tarim ve
sanayi sektorleri gibi etkenlerden dolayt enerjiye
olan talep her gecen giin artmaktadir. Uzun
yillardan beri temel enerji kaynagi olarak fosil
yakitlar kabul gérmektedir. Ancak fosil yakitlarin
kaynak potansiyellerinin azalmasi, ¢evreye sera
gazi emisyonu yaymasi ve tiikenebilir yapilarindan
dolay1 alternatif enerji kaynaklarina yonelim
artmaktadir [1,2]. Bu nedenle iilkemizde de temiz
ve ucuz enerji arayist devam etmektedir.
Yenilenebilir enerji kaynaklar1 ¢evre dostu olmasi,
stirdiirtilebilir ve tiikenmez yapisindan dolay
tilkelerin enerji politikalarinda siklikla tercih
edilmektedir. Ancak yiliksek kurulum maliyeti,
malzeme ve bakim islemleri gibi bazi
dezavantajlar1 da bulunmaktadir. Yenilenebilir
enerji kaynaklarindan biri olan giines enerjisi
iilkemizdeki mevcut potansiyeli nedeniyle son
yillarda tercih edilmektedir. Bu potansiyel FV
sistemler kullanilarak elektrik tiretimine katki
saglamaktadir. FV sistemler gii¢ santralleri olarak
kullanilmalarinin ~ yam1  sira  uydu sistemleri,
elektrikli araglar gibi alanlarda da siklikla
kullanilmaktadir. FV glic santrallerinin
kurulumundan 6nce planlanan bdlge ve alanlar igin
on fizibilite ¢alismasi yapilarak kurulacak sistem
hakkinda karakteristik Ozellikler arastirilmaktadir.
FV sistemlerin enerji ¢iktilarini belirlemede iki
onemli parametre bulunmaktadir. Bunlar giines
sinimi - ve  hiicre sicakligidir. FV  hiicrelerin
performanslart veri sayfalarinda standart test
kosullar1 (STC, giines 1s1nim1 1000 W/m?, sicaklik
25 °C) igin verilmektedir. Ancak FV panellerin
gercek  ortam  kosullarindaki  performanslar
hakkinda bilgi sahibi olunmasi son derece
onemlidir. Bu amacgla FV sistemlerin model
sonuclarinin yami sira gercek ortam kosullarinda
gosterdigi performans sonuglar1 da dikkatle
incelenmektedir.
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Son yillarda hem iilkemizde hem de diger birgok
tilkede gilines enerjisine olan ilgi ve caligmalar
artmaktadir. Literatiirde ise FV sistemlerin
modellenmesi  ve dis ortam kosullarindaki
karakteristiklerinin incelenmesi iizerine bir¢ok
calisma bulunmaktadir. Kichou ve arkadaslar ii¢
farkli FV panel teknolojilerinin dig ortam
kosullarindaki davraniglarini inceleyerek
performanslarim1  karsilagtirmiglardir.  Caligmanin
gergeklestirildigi bolge nemli bir karasal iklim
yapisina sahiptir. Elde edilen sonuglar ise
mevsimsel  olarak  degerlendirilmistir.  Kis
aylarmmda c-Si ve c¢oklu-kristal (mc-Si) yapiya
sahip FV paneller daha iyi performans gosterirken
yaz aylarinda ise ince film (CdTe) FV hiicre
yapisina sahip paneller daha iyi performans
sergilemistir [3]. Elibol ve arkadaglar1 Diizce,
Tiirkiye iklim kosullarinda c-Si, mc-Si ve amorf
silicon (a-Si) yapidaki panellerin verimliliklerini
bir yillik silire boyunca analiz etmislerdir. Elde
edilen sonuglar neticesinde panellerin performans
oranlar1 sirasiyla %73, %81 ve %91 olarak
bulunmustur ve bu sonuglarm literatiirdeki
caligmalarla uyumlu oldugu goézlemlenmistir.
Ayrica yaptiklari istatistiksel analiz ile 1°C sicaklik
artisinda a-Si ve mc-Si panellerindeki verimliligin
arttift m-Si panellerdeki verimliligin ise azaldig1
gbozlemlenmistir [4]. Polo ve arkadaglann FV
dizilerin performanslarinin analizinde 6nemli bir
giris parametresi olan 1smmim Slglimi  iizerine
detayli bir arastirma yapmuslardir. Caligmada
termopil piranometreler ve kalibre edilmis kristal
silikon 1s1n1m 6lger giines pilleri karsilagtirilmistir.
Calisma sonucunda kiigiik gliglii ¢at1 st
sistemlerde kullanilan kalibre edilmis kristal
silikon 1smim Olgerlerin daha yiiksek dogrulukta
sonuglar verdigi belirtilmistir [S]. Cafiete ve
arkadaslar1  Giiney Ispanya’min  meteorolojik
kosullar1 igin dort farkli FV panel teknolojisinin
enerji  performanslarim1  incelemiglerdir.  FV
paneller ti¢ adet ince film ve bir adet polikristal
yapidadir. Caligmada panellerin akim-gerilim (1-V)
egrileri elde edilerek performans karsilagtirmalari
yapilmigtir. Sonug olarak incelenen bélge i¢in ince
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film panel performanslarinin daha iyi oldugu
gozlemlenmistir  [6].  Ustiin ve arkadaslar
Fukushima, Japonya iklim kosullarinda bulunan
FV sistemlerin performansini iki yillik bir gézleme
dayali  olarak  degerlendirmislerdir. ~ Farkli
tirlerdeki teknolojilerin detayli kargilagtirmasi
yapilmistir ve tipik bir gilines enerjisi santrali
(GES) icin enerji maliyet analizi
gerceklestirilmistir. Elde edilen  sonuglar
neticesinde tipik bir GES’in 20 yillik dmrii goz

ontine alindiginda, FV teknolojisi se¢iminin
maliyetleri %55’e kadar azaltabilecegi
gosterilmistir  [7]. Aboagye ve arkadaslari

Gana’nin farkli konumlarinda kurulu olan c-Si,
mc-Si ve a-Si yapidaki ii¢ farkli FV panel tiiriiniin
dis ortam kosullarindaki davramigini inceleyerek
panellerin yillar icerisindeki bozulma indeksini
elde etmislerdir. Calisma sonucunda flretici Vveri
sayfasinda yaklasik 25 yil kullanim omrii bigilen
FV panellerin daha kisa kullanim 6miirlerine sahip
oldugu sonucuna varmiglardir [8]. Gaglia ve
arkadaslar1 FV panellerin veri sayfalarinda
verilmis olan verimlilik degerleri ile dis ortam
kosullarinda  gosterdigi  verimlilik ~ degerlerini
karsilagtirmak tizere Atina, Yunanistan iklim
kosullar1 igin bir c¢alisma gerceklestirmislerdir.
Calisma farkli iklim kosullart géz oniine alinarak
gerceklestirilmistir  ve dig  ortam  kosullari
sonuglarinin laboratuvar STC kosullarina gore
verimlilik agisindan %18 daha diisiik oldugu
sonucuna varilmistir [9].

Bu ¢aligmada c-Si yapidaki bir FV panelin STC ve
dis ortam kosullarindaki davraniglarini
karsilastirmak amaglanmstir.  Ilk  olarak FV
panelin matematiksel modeli olusturulmustur ve

Ilyas ALADAG, Biilent YANIKTEPE

Matlab@Simulink programinda panel
modellenmistir. Sonrasinda dig ortam etkilerini
gozlemlemek amaciyla Osmaniye Korkut Ata
Universitesi Miihendislik Fakiiltesi binas1 ¢atisina
deneysel sistem kurulumu gergeklestirilmistir.
Deneysel sistemde bulunan sicaklik ve giines
1sintm1 sensorlerinden elde edilen veriler model
calismasinda giris degiskenleri olarak
kullanilmigtir. Elde edilen sonuglar neticesinde
model ve deneysel verilerin uyumlu oldugu
gbzlemlenmistir. Ayrica yagmur, bulutluluk ve
sicaklik gibi dig ortam kosullarinin FV panelin
enerji iretiminde dogrudan etkili oldugu sonucuna
vartlmistir.

2. TURKIYE VE OSMANIYE’NIN
GUNES ENERJiSI POTANSIYELI

Tirkiye’de 2010 yilinda, uluslararast platformda
kanitlanmigs  bir model olan “ESRI Giines
Radyasyon Modeli” kullanilarak farkli noktalar ve
boélgeler hakkinda giines kaynak bilgileri temeline
dayanan bir Gilines Enerjisi Potansiyel Atlasi
(GEPA) olusturulmugtur. Bu harita ortalama
olarak % + 10 hata payina sahiptir ve elde edilen
bilgiler Devlet Meteoroloji isleri Genel Miidiirliigii
ve Elektrik Isleri Etiit Idaresi Genel
Midirligi’niin  1985-2006 yillar1 arasindaki 22
yillik saatlik giines 6lgiim verileri ile dogrulanarak
kalibre edilmistir. GEPA’ya gore yillik toplam
giineslenme siiresi 2741,07 saat, ortalama giinliik
toplam giineslenme siiresi 7,5 saat, ortalama yillik
toplam 1gimim siddeti 1527,46 kWh/m?, ortalama
giinlik toplam 1smmm siddeti ise 4,18 kWh/m?
olarak hesaplanmistir. Sekil 1°de Tiirkiye Giines
Enerjisi Potansiyeli Atlas1 verilmigtir [10].

Toplam Giines
Radyasyonu

KWhim* yil

I 1400-1450
[ 1450- 1500
[] 1500-1550
[ 1550 - 1600
[ 1600 - 1650
[ 1650 - 1700
B 1700-1750
I 1750 - 1800

T I 1500 - 2000

........

Sekil 1. Tiirkiye’nin GEPA goriiniimii [10]
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Sekil 1’deki GEPA goriiniimii incelenecek olursa
iilkemizin Kuzey bdlgelerinden Giiney bolgelerine
dogru gidildikge giines enerjisi potansiyelinin
arttigi goriilmektedir. Karadeniz bolgesi, Marmara
Bolgesi ve Ege Bolgesinin kuzey kesimleri
yagmurlu giin sayist ve cografi konumlarindan
dolay1 en az seviyede giineslenme ve giines 1gimnimi1
siddetine sahip olan bolgelerdir. Akdeniz, I¢
Anadolu, Dogu Anadolu, Giineydogu Anadolu ve

Ege Bolgesinin giiney kesimleri ise yliksek
seviyede gilineslenmeye ve giines 1ginimi siddetine
sahiptir. Bu giines 1smimi atlast gbéz Oniinde
bulundurularak  giines  enerjisinden  elektrik

iretimine dair yatirima elverigli bolgeler hakkinda
on fikir edinilebilir. Sekil 2°de Akdeniz Bolgesine
ve Osmaniye
bulunmaktadir.

iline ait GEPA gorinimi

"

Sekil 2. Akdeniz bolgesi ve Osmaniye’nin GEPA gériiniimii [10]

Sekil 2 incelendiginde Akdeniz bdlgesi ve
Osmaniye’nin 6nemli bir giines 1smmim siddeti
potansiyeline sahip oldugu goriilmektedir. Sehrin
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ozellikle Kuzey, Dogu ve Giiney kisimlarinda
1ginim siddeti artmaktadir. GEPA’ya gore sehrin,
yillik olarak ortalama toplam 1simmim siddeti 4,26
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kWh/m?-giin, giineslenme siiresi ise 8,1 saattir. Bu
degerler goz Oniine alindiginda Osmaniye hem
ortalama 1smim siddeti hem de giineslenme siiresi
bakimindan Tirkiye ortalamasinin {zerinde
degerlere sahiptir. Ayrica Osmaniye topografik
olarak GES kurulumu i¢in yatirima oldukg¢a uygun
bir yaprya sahiptir. Yatirima uygun alanlara sahip
olmasi nedeniyle Osmaniye’nin farkli alanlarinda
birgok GES bulunmaktadir. Ayrica Osmaniye ili
glines enerjisinin yan1 sira diger yenilenebilir
enerji kaynaklarindan faydalanarak Tirkiye’ nin
kurulu giiciine katki saglamaktadir. Cizelge 1°de
Osmaniye’nin kaynak tiirlerine gére kurulu gii¢leri
ve bu gii¢lerin yiizdelik oranlart verilmistir.

Cizelge 1. Osmaniye ilinin kurulu gii¢ dagilimi

[11]
Kurulu Gii¢ (MW)| Yiizde (%)

Hidroelektrik 815,48 70,00
Riizgar 265,3 22,77
Glines 81,1 6,96
Biyogaz 3,12 0,27
Toplam 1165 100
Cizelge 1°de goriildiigii tizere Osmaniye’nin

iiretim potansiyeli bakimindan en yiiksek kaynagi
815,48 MW giice sahip olan hidroelektrik enerji
santralleridir ve sehrin %70’lik enerji iiretim
oranin1 kapsamaktadir. Ardindan 265,3 MW
kurulu giice sahip olan riizgar enerji santralleri
gelmektedir ve %22,77°lik enerji iiretim payina
sahiptir.  Glines enerjisi  santrallerinde ise
81,1 MW’lik bir kurulu giic mevcuttur ve sehrin
%6,96’lik enerji tretim payini karsilamaktadir.
Son olarak sehirde 3,12 MW’lik kurula giice sahip
olan bir adet biyogaz enerji firetim santrali
bulunmaktadir. Bu santral sehrin hem atiklarini
degerlendirmekte hem de enerji iiretimine katki
saglamaktadir. Urettigi giic degeri ise sehrin
%0,27°1ik oranin1 kapsamaktadir [11].

3. MATERYAL VE YONTEM
3.1. FV Panelin Modellenmesi
Bellini ve arkadaslar1 giris degiskenleri giines

1sinimi Ve hiicre sicakligr olan ¢ikis degiskenleri
ise akim, gerilim ve giic olan tek diyot devre
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modeli temelli bir FV sistem modellemesi
gergeklestirmiglerdir [12]. Bu modelde FV panel
akimi,  gerilimin  bir  fonksiyonu  olarak
tamimlanmistir. Bu ¢alismada, [12]’de olusturulan
devre modeli referans alinmistir. Tek diyot devre

modelinin  elektriksel esdeger devre yapisi
Sekil 3’te gosterilmektedir.
ley 'RS,, ly +
®d v
.-

Sekil 3. Basite indirgenmis tek diyot temelli FV
hiicrenin elektriksel esdeger devre modeli

Sekil 3’te verilen esdeger devre modelinin ¢ikis
akimi (l,) degeri asagidaki matematiksel ifade ile

bulunabilir (Esitlik 1).

7%)
I=1_|1-K|e"“"/ -1 (1)
Burada,
’Vrmm

K, =(1— Ium ppje[ a @

[{V’"””]—lj

VOC

Ky 3)

Esitlik 2 ve 3’te verilmis olan K, ve K; katsayilari

FV panelin veri sayfast degerlerine gore
belirlenebilmektedir ve bu katsayilar panel
teknolojilerinin tiirlerine gore farklilik

gostermektedir. Bu veri sayfalarindan elde edilen
parametrelerin 1simmim ve/veya sicaklikla olan
iligskileri asagidaki gibidir [12].
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G
I.(G,T,) = |SCSG—S[1+a(TC -T.)] (4)
G
1mpp(a,7;)=1mpp.6—5[1+a(7; -7,)] ()
v, (T)=V, +5(T.-T,) (6)
Voo D=V, + BT~ T,) )

STC icin tanimlt olan lg, lmpp Voo V& Vigp
parametreleri panelin {iretici veri sayfalarinda
bulunmaktadir. Bu parametreler sirasiyla panelin
kisa devre akimi, maksimum akimi, agik devre
gerilimi ve maksimum gerilim degerleridir. Isinim
siddeti ve hiicre sicakligi ise sirasiyla G ve T,
degerleridir. Laboratuvar ortamu igin referans
alinan 1smim siddeti ve hiicre sicakligi degerleri
sirastyla Ggre=1000 W/m? ve Tgrc=25 °C’dir.
Ayrica FV  panelin akim ve geriliminin
degisimlerini etkileyen kisa devre akimi sicaklik
katsayisi (a) ve agik devre geriliminin sicakliklik
katsayis1 () da panellerin veri sayfalarinda

modelin
Sekil

bulunmaktadir. Olusturulan FV
Matlab@Simulink  blok  yapist
verilmigtir.

4’te

Continuous

powergui Scope Vo

Scope T

Vo
Panel Yiizey E
Sicaklig Scope ||
J; pelo

\ lo

[3)

Giines Isinimi E

Scope G

PV Modiil
Scope P

Sekil 4. FV panel modelinin  Matlab@Simulink
blogu

Burada FV modelin giris ve ¢ikis parametreleri
goriilmektedir. Giris ve ¢ikis parametrelerinin
anlik degisimleri osiloskoplar ile dogrudan
gbzlemlenebilmektedir. Olusturulan FV modiiliin
alt blok semasi ise Sekil 5°teki gibidir.

I
Vo

A\ 4

@
@ Te lo L@
i

A\ 4

—» Vo

PV panel

Current Measurement

tv

Voltage Measurement

G — =

Controlled Current
Source

Series RLC
Branch

Sekil 5. FV modiiliin alt model blogu

Bu alt blokta panelin ¢ikis akimi ve gerilim
degerlerini izleyebilmek amaciyla bir elektriksel
direng yiikii baglanmistir ve bu yiikk direnci
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iizerinden modelin akim, gerilim ve gii¢ degerleri
oOl¢tilmistiir. Son olarak FV panel blogunun bir alt
blok semas1 Sekil 6’da verilmistir.
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I -

Vo

Voc

Voc

Tc

Isc
®——> G Impp
@~

Vmpp

» Kb, —»
lo

» Ka

Hiicre
Parametreleri

Isc
Uefx x
——> ’ o Hiicre Akim1

Sekil 6. FV panelin alt model blogu

Bu blok semasinda (4-7) arasindaki esitlikler
kullanilarak  hiicre parametreleri blogu elde
edilmistir. Bu blokta FV panelin veri sayfasi
degerlerinden faydalanilmaktadir, daha sonra ise
(1-3) arasindaki esitlikler kullanilarak FV hiicre
¢ikis akimi elde edilmektedir.

3.2. Deneysel Sistem Kurulumu

Deneysel sistem, 37.00° Kuzey enlemi 36.2° Dogu
boylamindaki Osmaniye Korkut Ata Universitesi
(OKU) Karacaoglan Yerleskesi Miihendislik
Fakiiltesi binasimnin ¢ati katina kurulmustur. FV
panelin dis ortam kosullarindaki 1sinim, dig ortam
sicakligi, panel sicakligi gibi atmosferik giris
degiskenleri ve akim, gerilim, gii¢ gibi elektriksel
¢ikig parametrelerini 6lgmek amaciyla Sekil 7°deki
sematik sistem tasarlanmistir.

Hava
istasyonu .
Y Piranometre

| w—
—

Sicaklik Sensori

Veri Kaydedici

Monokristal ~
FV Panel

Reosta
Sekil 7. Deneysel sistemin sematik gosterimi
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Deneysel sistemde kullanilan ekipmanlar sirasiyla,
90 W’lik maksimum giice sahip bir c-Si FV panel,
panelin yiizey sicakligini 6lgmek icin PT100
(£0,3°C) sicaklik sensdrii, giines 1smmmim dlgmek
icin MS-410 piranometre (10pV/W/m? hassasiyete
sahip), ortam sicakligi (°C), riizgdr hiz1 (m/s) ve
bagil nem (%) gibi iklimsel parametreleri dlgmek
icin Davis Vantage Pro hava istasyonu ve
elektriksel yiikler olan reosta ve direngten
olugmaktadir. Elde edilen tiim veriler 10 dakikalik
araliklarla Hioki LR8432 (10 kanall) veri
kaydedici tarafindan kaydedilmistir. ~ Veriler
Tirkiye standart saati ile 07:00-19:00 arasindaki
saatlik ortalama degerler kullanilarak
kaydedilmistir. Ayrica FV panelin
Matlab@Simulink  modelinde ve  deneysel
sistemde kullamilan c-Si FV panelin veri sayfasi
degerleri Cizelge 2’de verilmistir.

Cizelge 2.FV  panelin katalog degerleri
(GH90M36)

Elektriksel Parametereler (1000W/m?, 25 °C)

Maksimum Giig- Py (W) 90

Maksimum Gerilim- V5, (V) 18

Maksimum Akim- Iy, (A) 51

Kisa Devre Akimi- g (A) 5,45

Acik Devre Gerilimi (V) 20,9

Kisa Devre Akimi Sicaklik Katsayis1 (1/K) | 0,0006

Acik Devre Gerilimi Sicaklik Katsayisi (1/K) |-0,0037
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Cizelge 2’de verilen degerler tim FV panel
tireticilerinin veri sayfalarinda mevcuttur. Ancak
kisa devre akimi sicaklik katsayisi ve agik devre
gerilim sicaklik katsayisinin birimleri iireticilere
gore degisiklik  gosterebilmektedir. Bazi
tireticilerin veri sayfalarinda bu degerler santigrat
derece (°C) bazilarinda ise Kelvin (K) olarak
verilmektedir. Bu farkliliga panelin  modeli
olusturulurken  dikkat edilmelidir.  Deneysel
sistemin kuruldugu yer, [13]’deki ¢alismanin
gerceklestirildigi bolgeye yakindir ve bu calismada
FV panel igin optimum egim agis1 olarak 35°
giiney yonii olarak tespit edilmistir. Bu nedenle
deneysel sistem kurulumu sirasinda FV panel
belirtilen ¢alismadaki degerler gbz Oniine alinarak

gore oldukea diisiik bir direng degerine sahip olan
yiik tizerinden alinmustir.

4. BULGULAR

Deneysel diizenekten alinan o6lgim sonuglart
15.02.2017 ile 05.03.2017 tarihleri araligindadir.
Bu tarih araliklarinda giines 1s1mimi, panel ve
ortam sicakligr gibi iklimsel parametrelerin yam
sira panelin ¢ikis akimi, gerilimi ve gilicii gibi
elektriksel parametrelerinin davraniglar1 da detayli
bir sekilde incelenmistir. Caligma siiresi boyunca
saatlik olarak elde edilen ortalama ortam sicaklig
(To), giines 1ginim1 siddeti (G) ve panelin yiizey

konumlandirilmistir. FV panelin gerilim degeri s1f:ak11'kla.r1n'1n degisimi  (Tp) ~ Sekil ~ 8'de
reosta iizerinden dogrudan veri kaydedicisine ~gOsterilmistir.
baglanarak ol¢iilmiistiir. Akim degeri ise reostaya
~ 30 1200
%)
— 25 1000 @
)EI) g
"_74‘ [9)
5 20 800
= 4
E 15 600 E
: :
5 10 400 'S
g §
5 5 200 3
:g /
T 0 0
o O o o o o o o o o o o o
S & & & & & & & & © © © o
~ © OO O «H N ™M < 1B © ~ ©o O
O O O dA «d «d «HA dH HJH A A A o
e . Gilines 151n1mi, panel ve ortam sicakliginin bir giinliik degisimi
Sekil 8. Giines 15 panel kliginin bir glinliik degisimi
Sekil 8 incelenecek olursa ortam sicakligi giin 70
icerisinde en yiiksek 10 °C civarina ¢ikmakta iken — _ 60
hiicre sicakligi gilines 1siniminin dolayli etkisiyle _5;50
27 °C’ye kadar ulagmaktadir. Isinim miktar ise é 40
giinesin en tepede oldugu saat olan 12:00-13:00 5 30
arasinda en yiiksek degeri aldigi 973 W/m%ye gZO
ulagmaktadir. Ayrica 1simim egrisinin  giinesin 10
dogus ve batis zamanlarima gore benzerlik P =S
gosterdigi  gozlemlenmektedir. Sekil 9°da FV g g 5 § ; ; ; ; ; § ; g ;
panelin bir giinliik Grettigi giiciin saatlik ortalama Sekil 9. FV panelin giiciiniin saatlik ortalama

degerlere gore degisimi bulunmaktadir.
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Sekil 9°da verilmis olan bir giinliik gii¢ iiretiminin
degisimi incelenecek olursa giines 1g1nimina
paralel olarak FV panel 10:00-11:00 saatleri
arasinda maksimum glic iiretimini
gerceklestirmistir ve yaklasik olarak 60W degerine
ulagsmistir. Bu gii¢ iiretimi neredeyse saat 15:00°a
kadar devam etmistir. 15:00°dan sonra ise gilines
isinim1 - degerinin  diismesi ile birlikte panelin

llyas ALADAG, Biilent YANIKTEPE

drettigi giiciinde azaldigi go6zlemlenmektedir.
Ayrica FV panelin giin icerisinde yaklasik olarak
50-60 W araliginda bir gii¢ iiretimine sahip oldugu
goriilmektedir. Bu dl¢limiin gerceklestigi glin hava
acik ve bulutsuzdur. Sekil 10°da FV panelin tim
6l¢iim periyodu boyunca giinliik olarak {irettigi
ortalama gii¢ degerleri verilmistir.

50
45
40
35
30
25
20
15
10

5

0

Modiil Giicii (W)

15.02.2017
16.02.2017
17.02.2017
18.02.2017
19.02.2017
20.02.2017
21.02.2017
22.02.2017
23.02.2017
24.02.2017

Sekil 10. FV panelin 6l¢iim periyodu boyunca iirettigi ortalama

Sekil 10 incelenecek olursa FV panelin giinliik
ortalama gii¢ iiretim degerleri ortalama olarak
yaklagik 30-40 W araliginda degismektedir. Ayrica
Mart aymin ilk giinlerinde panelin irettigi giic
miktar1 olduk¢a azalmistir. Bunun sebebi havanin

25.02.2017
26.02.2017
27.02.2017
28.02.2017
01.03.2017
02.03.2017
05.03.2017

~ I~
—
o O
S S
™M ™M
S S
™ <
o o
giic degerleri

bulutlu olmasidir ve bu kosullarda gilines 1sinimin
enerji iiretimi igin yetersiz kaldigi goriilmektedir.
Sekil 11°de belirtilen 6l¢iim araligi i¢in 1511m
miktarinin giinlik ortalama degerlerinin degisimi
goriilmektedir.
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Sekil 11. Olgiim periyodu boyunca elde edilen 151n1m siddetinin degisimi

Sekil 10 ve Sekil 11 karsilagtirildiginda giines
isimimi - siddetindeki  degisimin panelin enerji
kazanci  iizerinde dogrudan etkili oldugu
goriilmektedir. Havanin giinesli ve agik oldugu
giinlerde 151mm siddeti 500 W/m? civarlarinda iken

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

havanin kapali ve yagish oldugu giinlerde 1s1mmim
siddeti 0-100 W/m* araligindadir. Bu durumlarda
panelin irettigi model ve gercek giic degerleri de
Sekil 10°da acik bir sekilde goriilmektedir. Dig
ortam  kosullarinda  gergeklestirilen  Glgiim
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sonuglari ile modelin simiilasyon ortaminda elde
edilen sonuglarmin kargilagtirmas1 bir  giinlikk

zaman araligi igin saatlik olarak Sekil 12’de
verilmistir.
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Sekil 12. FV modelin ve deneysel sistemin giig tiretimi karsilagtirmasi

Sekil 12 incelenecek olursa model sonucunda elde
edilen egri (Py) ile dis ortam kosullarinda elde
edilen egrinin (Pg) uyumlu oldugu
gozlemlenmektedir. Bu durum modelin
dogrulugunu kanitlamaktadir. Ayrica modelin girig
parametreleri olan gilines 1inim1 ve hiicre sicakligi
degerleri gercek ortam kosullarindaki sensérlerden
elde edilmistir. Bu durumda model ve deneysel
diizenek sonuglari arasinda meydana gelen farkin
nedeni deneysel sistemde gergeklesen kayiplar
olarak gosterilebilir.

5. SONUCLAR

Bu calismada Osmaniye ili iklim kosullarinda
bulunan c-Si yapidaki bir FV panelin elektriksel
performansini incelemek amaciyla panel oncelikli
olarak Matlab@Simulink ortaminda
modellenmigtir. Daha sonra dis ortam etkilerini
gozlemlemek amaciyla deneysel devre diizenegi
kurularak FV panelin karakteristik davramslar
gbzlemlenmistir. FV panel ylizeyine diisen giines
1sinimi, hiicre sicakligi, ortam sicaklign ve FV
panelin irettigi akim, gerilim ve gii¢ degerleri
19 giin boyunca 6l¢lilmiistir. Model sonuglar1 ile
dis ortam performans sonuglar1 karsilagtirtlmisgtir.
Model ve deneysel sistemden elde edilen giic
degerlerinin  uyumlu oldugu goézlemlenmistir.
Ancak deneysel sistemden elde edilen giig
degerlerinin model sonuglarina gore nispeten daha
az bir seviyede oldugu sonucuna varilmistir.
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Meydana gelen bu farkliligin sebebi deneysel
sistemde meydana gelen kayiplar ve kurulumda
dikkate alinan bazi kabullerden kaynakli olabilir.
Ayrica FV panelin yerlestirildigi egim agis1
deneysel sistemin kurulu oldugu bolge icin
dogrudan belirlenerek bu farklilik en az seviyeye
getirilebilir.
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Abstract

This article presents the experiments on the ballistic effect of plates formed by stacked Twaron® fabrics
between 10 and 16 layer numbers impregnated with epoxy resin by vacuum infusion method and the
results of Autodyn-2D® simulations using an axisymmetric model. The ballistic impact resistance of the
panels produced was determined according to the NIJ-STD-0108.01 standard. All panels were tested
against 9 mm FMJ bullets at an average velocity of 390 m/s with the MP5 gun for armour application.
The interaction of the plates with the bullet, the post-shot damage photographs, residual velocities of the
bullet were compared with Autodyn-2D® simulations. Parametric study was performed in the analysis to
determine the optimum bullet velocity, layer thickness and tensile failure strain. It was observed that the
data obtained from the simulations were consistent with the experiments.

Keywords: Twaron®/epoxy composite, Ballistic test, VARIM

Vakum Destekli Recine Infiizyon Kaliplama ile Uretilmis Twaron®/Epoksi
Lamine Kompozit Plakalarin 9 mm Mermi Tehdidine Kars1 Balistik Performansi
Uzerine Sayisal Calisma

Oz

Bu makale, vakum infiizyon yontemiyle epoksi reg¢ine emdirilen 10 ile 16 katman sayilart arasindaki
istiflenmis Twaron® kumaslarin olusturdugu plakalarin balistik etkisi iizerine yapilan deneyleri ve
eksenel simetrik modellenen Autodyn-2D® simiilasyonlarindan elde edilen sonuglar1 sunmaktadir.
Uretilen panellerin balistik darbe dayammi NIJ-STD-0108.01 standardina gére belirlenmistir. Tiim
paneller, zirh uygulamasi i¢cin MP5 silahi ile ortalama 390 m/s hizina sahip 9 mm FMJ mermilere karst
test edilmistir. Plakalarin mermi ile etkilesimi, atig sonrasi hasar fotograflari, kursunun artik hizlari,
Autodyn-2D® simiilasyonlari ile karsilastiriimistir. Optimum mermi hizi, tabaka kalinligi ve ¢ekme hasari

“Sorumlu yazar (Corresponding author): Tayfur Kerem DEMIRCIOGLU, tkerem@balikesir.edu.tr
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gerinim degerini belirlemek i¢in analizde parametrik ¢alisma yapilmistir. Simiilasyondan elde edilen

verilerin deneylerle tutarli oldugu goriilmiistiir.

Anahtar Kelimeler: Twaron®/epoksi kompozit, Balistik test, VARIM

1. INTRODUCTION

Composite structures are subjected to a variety of
loading conditions throughout their service lives. A
critical requirement for the effective use of
composites as protective structures is their
resistance to foreign object impact events. For this,
high strength, stiffness, and toughness properties
may be required for fibre reinforced composite
materials to withstand such impact loads [1].
Impact events can occur at low (1-10 m/s),
moderate (10-50 m/s), ballistic (50-1000 m/s), and
hyper (2-5 km/s) speeds [2]. The reason for this
classification is that with a change in impact
velocity, there is a considerable difference in the
amount of energy transfer, energy loss, and
damage progression mechanisms between the
target and the projectile. Light armour applications
are critical to ensuring the protection of personnel
and equipment against high-speed  bullet
penetration. As a result, it's crucial to analyse the
penetration and perforation processes of a
projectile/object into composite materials at
ballistic speeds. The main energy absorption
mechanisms during ballistic impact are as follows;
the formation of the moving cone on the back of
the target, the projectile cutting the target, the
tensile damage of the primary yarns and elastic
deformation of the secondary yarns, the matrix
cracking and delamination failures, the friction
between the projectile and the target during
penetration. The mechanical characteristics of the
fibres and matrix, the stacking sequence, the
physical properties of the bullet/object and
laminates, bullet mass, shape, and velocity, and
layer thickness all influence the ballistic
performance of laminated composites [3].

There are three approaches to dealing with
problems involving the release of large amounts of
energy in a very short time in ballistic impacts:
most of the work is experimental and therefore can
be very costly, as the problems are non-linear and
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require knowledge of material behaviour at high
loading rates. Analytical approaches are possible if
the geometries are relatively simple and the
loading, boundary, and initial conditions can be
defined. The explicit methods are much more
general in scope and eliminate all geometry-related
difficulties and use very small-time steps for
results [4]. The material models employed for these
methods, on the other hand, need the use of a large
number of material properties and model variables

[5].

In the literature, there are many numerical studies
focused on the ballistic performance of textile
composite materials [6-17]. For a constant
thickness hybrid composite armour containing
glass (GF), carbon (CF) and Kevlar® (KF) fibres,
an axisymmetric model was designed in
ANSYS/Autodyn-2D” and it was observed that the
stacking order of the layers and the STAGNAG-
2920 fragment simulating bullet geometry had a
significant effect on the ballistic performance.
Authors reported that the KF layer on the rear, the
GF layer on the outside, and the CF layer on the
front provided superior ballistic impact protection
[6]. In another study, the ballistic impact behaviour
of Kevlar/Polypropylene (PP) panels was
investigated through hydrocode simulations
conducted with Ansys Autodyn-2D" software. The
numerical model was validated by evaluating the
ballistic impact performance of Kevlar/PP
composites when impacted by STANAG-2920
fragment simulating projectiles [7]. In addition,
simulations were carried out for 9 mm parabellum
bullets modelled by the Smooth Particle
Hydrodynamics method (SPH) and 20 layers of
Kevlar plates coded with Lagrange grid in
Autodyn® program. Gauge points were determined
for the velocity of the projectile and compared with
the average velocity of the projectile. Erosion (cell
removal) criteria were applied due to the
interruption of the simulation with very large
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deformations of the grid. The authors also
investigated the effect of erosion strain on the mass
of the removed cells and the residual velocity of
the projectile [8]. The deformation of bullets after
ballistic testing was also numerically studied.
Mushroom deformation as a result of the 9 mm
Parabellum bullet hitting Armox 500 armour steel,
as well as the length of the bullet and the depth of
the hole produced by the deformed bullet were also
investigated in Ansys-Autodyn-3D" simulations. In
the 2D-axial symmetry numerical simulations, the
friction coefficients between the shell and the core
of the bullet were considered [9]. Numerical
analysis and experimental results of the ballistic
impact performances of military helmets were also
examined [10,11]. The results obtained from the
Autodyn-3D® simulations showed that the helmet
made of Kevlar® material could stop a 9 mm full
jacketed bullet with a ballistic velocity of 358 m/s.
The findings of the helmet models were found to
be consistent with the results of the experiments.
The effects of bullet velocity, diameter, and mass
on the ballistic impact behaviour of the targets
were also investigated using numerical simulation
in Autodyn® program. With the increase of the
impact velocity up to the ballistic limit velocity,
the contact time first increased and then decreased,
so the damage mechanisms before and after the
ballistic limit changed [12]. Moreover, the effect of
bullet nose geometry on penetration time and
residual velocity were investigated using Autodyn®
software. It was reported that the ballistic limit
velocity increased faster for the conical ended
cylindrical bullet for different thickness/edge
length values of the test panel compared to the
blunt-ended counterpart [13]. In the analysis of the
ballistic behaviour of composite armour designs
consisting of three different materials, fibre-
cement, Kevlar fabric and steel, against the 9 mm
FMJ bullet, Autodyn-3D® simulation results were
found to be compatible with the experimental
results [14]. In order to simulate the Twaron®
CT709 ballistic fabric against the threat of 9 mm
FMJ Parabellum projectile, importing the CAD
model drawing of the fabric to Autodyn® software
was applied in the literature. For ballistic panels
made of 16 layers of Twaron® CT709 fabric,
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decrease of projectiles velocity and projectiles
shortening values were obtained [15]. The ballistic
performance of Twaron® CT709 plain woven
fabrics was also investigated in  the
ABAQUS"/Explicit program using a three-
dimensional fabric model. The authors conducted a
parametric study to analyse the effects of various
parameters such as impact velocity, inter-fibre
friction and fabric layer count on the impact
behaviour of fabrics. This parametric study
provided the optimal number of fabric layers and
optimized inter-yarn friction level to be determined
to accomplish maximum energy absorption at the
given impact velocities [16]. Using the LS-Dyna®
software, a finite element analysis of the
interaction process of the Para-aramid Twaron®
multilayer body armour and the human body with
the 9 mm Parabellum bullet with a velocity of
366+10 m/s was conducted, taking into
consideration the real geometries of the objects.
The authors applied numerical modelling to study
how to optimize the energy absorbed by the human
body by varying the number of layers and material
of the body armour. Furthermore, the energy
absorbed by the human body was estimated using
simulation responses during a non-perforated
impact tests [17].

To the authors' knowledge, no research studies
have been conducted in the fields of ballistics on
the results of two-dimensional axisymmetric
numerical modelling of Twaron® CT709/epoxy
plates in Autodyn® software, which is expected to
fill the gap in the literature. In addition, Twaron®
CT709/epoxy plates were also manufactured for
experimental tests using a vacuum assisted resin
infusion moulding method, with the results
expected to provide valuable data for the marine
industry. In this proposed study, to meet the Level
2-2A protection level according to NIJ-STD-
0108.01 standards, a 9 mm round nose full metal
jacket bullet (FMJ RN) with an 8g (123gr) brass-
plated lead core (muzzle velocity 390 m/s, shot
from 5 meters) was used in the experimental study.
The ballistic behaviour of Twaron®-CT709®
(1.45g/cm®) aramid fabric/epoxy plates produced
by vacuum assisted resin infusion moulding and
the deformation of the bullet were numerically
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investigated with Autodyn-2D® software and
verified with experimental results.

2. MATERIAL AND METHOD

2.1. Test Samples and Production

Aramid fabrics were cut to 325x325 mm
dimensions for ballistic tests. The number of layers
was determined as 10, 12, 14, 16. Plain woven
Twaron® CT709® (1.45g/cm®) brand para-aramid
fibres with 200 g/m? unit area weight, infusion type

epoxy resin was used as matrix [18, 19]. After the
liquid resin-hardener mixture was vacuumed into
the flat mould under -700 mm Hg pressure, the
laminate was cured in a vacuum bag for 24 hours.
Stacked aramid layers were produced by the
VARIM (vacuum assisted resin infusion moulding)
method (Figure 1). The matrix material was
Hexion L160 epoxy resin, which can be cured at
room temperature and has a specific hardener
(Hexion H160). According to the manufacturer, the
ratio of resin to hardener by weight was applied as
4:1[20].

Figure 1. Production of aramid plates by VARIM method. (a) 10-layer, (b) 12-layer, (c) 14-layer, (d) 16-

layer ballistic plates
2.2. Ballistic Tests

Ballistic tests were carried out in the polygon field
of ZSR Patlayict Inc. The tests were conducted
with an MP5 gun and a 9 mm, 8 gr (123g) FMJ RN
(Full Metal Jacket Round Nose) bullet. The
experiments were performed in compliance with
the NIJ-STD-0108.01 requirements at the

486

protection level 2-2A [21]. Chronographs were
attached to tripods and placed at a distance of 2.5
meters in front and behind the plates to measure
the barrel and exit velocities. The distance between
the barrel and the sample was determined as 5
meters (Figure 2). The samples were fixed by
placing the plate holder on the test setup frame and
tightening the eight bolts on it with a constant
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torque of 40 Nm. The angle between the flight line
of the bullet and the front face of the sample was
set as perpendicular as possible. After the MP5 was
fixed and its horizontality checked a maximum of

1.€hronograph

1.Chronographt

OmmIEVUIRN]

Tayfur Kerem DEMIRCIOGLU, Fatih BALIKOGLU

five shots were fired at each plate (Figure 3). The
mean/difference/standard deviation values were
calculated by measuring the initial-barrel and
residual-exit velocities of the bullets.

Figure 3. Testing with MP5 gun 9 mm FMJ bullet at the shooting range

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022
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2.3. Finite Element Model

ANSYS AUTODYN® is a commercial software
that implements a non-linear  orthotropic
continuum material model in fibre composites
under ballistic impact. The orthotropic model of
aramid fibre-reinforced composites under impact
was difficult due to the complexity of material
properties and the different failure modes as
fibrillation, intra- and inter-laminar, bulk,
delamination failure. A non-linear equation of state
(EOS), orthotropic coupling of the material
volumetric/deviatoric ~ responses,  orthotropic

hardening, orthotropic energy-based softening,
combined stress failure criteria were all used in
orthotropic material model [22].

Autodyn-2D is a module of a ANSY'S for nonlinear
analysis of high velocity impact, high/low
distortion and  projectile/target interaction
problems. The 9 mm bullet and Twaron®/epoxy
plate was modelled in Autodyn-2D program as
two-dimensional in (X,Y) coordinate system and
axisymmetric for simplification and fast solution
times of analysis.

clamping
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Figure 4. Axial symmetric model of 9 mm bullet and 10 layer (2.6 mm) Twaron®/epoxy plate
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A new model was created in accordance with the
dimensions of the @ 9 mm FMJ bullet (total length
of 15 mm, brass material thickness of 0.25 mm,
lead material radius of 4.25 mm) by adding
predefined box, quad, ogive geometric shapes in
Autodyn-2D program. Composed of an inner core
(lead 7.2818 g) and a cartridge/outer shell (brass
0.74473 g), the total mass of the bullet was set at
approximately 8 g. Twaron®/epoxy plate and
bullet geometry were divided into quadrilateral
elements by using the structured mesh type. In the
lead core, the smallest quadrilateral element mesh
size was set at 0.2 mm, and for the Twaron®/epoxy
ballistic plate, it was adjusted between
approximately 0.24 and 0.26 mm. The number of
elements and nodes for bullet and plate were given
in Table 1. A more precise structure close to the
smallest element size of the bullet was obtained by
keeping the mesh element size constant between
0.24-0.26 mm in the X (along thickness) and Y
(along length) direction (50 grid/cell) in the bullet
impact zone of the plate where the deformation
was higher. The length of the plate is modelled as
150 mm axisymmetric and divided into a total of
150 elements with 50 cells fixed and the rest
increasing dimensions (Figure 4). The effect of the

Tayfur Kerem DEMIRCIOGLU, Fatih BALIKOGLU

mesh element number on the convergence of
analysis results was also examined and seen that
minimum mesh size (between 0.10-0.13 mm) no
longer changed the residual velocity results.

Analyses were made for three different velocities
(380, 390 and 400 m/s) in accordance with the
standard deviation values of the initial velocity of
the bullet measured from ballistic tests (Table 3).
The average thickness/number of layers ratio of the
plates measured in the experimental study was
between 0.26-0.28 mm (Figure 5a) and the
thickness of the woven Twaron® CT 709 in the
handbooks and literature was 0.30 mm [8, 23, 24].
As a result, one layer thickness was modelled for
three different values (0.26/0.28/0.30 mm) in the
analysis. The reason for the thickness change was
due to production under vacuum. Tensile failure
strain (TFS) values of 0.033, 0.0345, 0.04, and
0.046 were found in the literature for CT 709
Twaron® [15-17, 19, 24, 25]. Based on these
values, in addition to the 0.060 used for tensile
failure strain 22 and 33 directions for Kevlar/epoxy
data in Autodyn, the effect of 0.045 on the analysis
results was studied.

Table 1. The number of elements and nodes for the bullet and plate

E,L?ion® /epoxy (0.26 mm/layer) (0.28 mm/layer) (0.3 mm/layer)
Number No. of No. of No. of No. of No. of No. of
of Layer Elements Nodes Elements Nodes Elements Nodes
10 1500 1661 1650 1812 1800 1963
12 1800 1963 2100 2265 2250 2416
14 2100 2265 2400 2567 2550 3000
16 2400 2567 2700 2869 2718 3171
Bullet

Lead 533 678 533 678 533 678
Cartridge Brass 62 132 62 132 62 132

The velocity of the bullet modelled to impact the
plate face perpendicularly from the centre point
was given in the X direction. The common nodes
of lead and brass materials were joined. A fix
boundary condition of zero velocity in the X and Y
directions (clamping) was imposed to the nodes
with farthest distance from the symmetry axis of
Twaron®/epoxy material model. The Twaron®
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plate geometry is modelled on a macro scale as a
(whole) non-layered structure.

The contact, sliding and separation between the
bullet and the Twaron®/epoxy plate were defined
using the gap interaction logic. Each surface
segment was surrounded by a contact detection
zone in the gap interaction logic. The gap size was
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the radius of this detection zone. The node was
repelled by a force proportional to the depth of its
penetration when entering the detection zone of a
surface segment [10]. A gap size of 0.013230 mm
between the bullet and the plate was defined by the
gap interaction logic.

Steinberg Guinan and Johnson-Cook strength
models was used for lead and brass material,
respectively and both the bullet and the target were
represented by Lagrange solver. Orthotropic
equation of state (EOS) was used in
Twaron®/epoxy plate, shock state equation was
chosen in lead and brass materials. Lead and
Cartridge Brass material properties were available
in the material library of Autodyn program [26].
Material properties for Twaron®/epoxy was found
in the literature [10-13]. “1” indicates the material
thickness direction (X), “2” indicates the fibre
direction (Y), and “3” indicates the perpendicular
direction to the fibre in Autodyn-2D orthotropic
composite modelling.

In this simulation, material constants for Kevlar
129 were used to estimate the ballistic impact of a
Twaron®/epoxy plates (Table 2). It was assumed
that the difference in material properties was not

adversely affect the simulation. [10-13]. Two
companies have generally pursued the aramid fibre
products as Teijin’s Twaron® and Technora® and
DuPont's Kevlar®. The mechanical and physical
properties of Twaron® and Kevlar® aramid fibres
are not considerably different for analysis,
according to the literature and handbooks [27].

Excessive cell disruption and tangling occurs due
to calculations using the Lagrangian solution
technique in ballistic impact simulation. Cells
eroded only when severely distorted and
compressive strength of cell was not effect the
calculation. Inertia was preserved in the analysis by
equally distributing the mass of the removed cells
to the other nodes. The erosion logic based on an
instantaneous geometric strain was assigned to the
Twaron®/epoxy plates to prevent the calculation
from terminating prematurely [10]. Erosion strain
for orthotropic material models was typically
between 1-2% of the instantaneous geometric
strain [6, 13, 28]. The geometric strain was
considered as 1.2 % for Twaron®/epoxy material
and 2 % for lead and brass material in this study
with removed cells mass taken into account [10-13,
29].

Table 2. Material properties of Kevlar129 used in the analysis [10-13].

Material properties Strength/Elastic

Reference density (g/cm°) 1.65 Shear modulus (kPa) 1.85701e6
Orthotropic\Engineering constants Failure\Material stress/Strain

Young modulus 11(kPa) 1.948e6 Tensile failure stress 11 (kPa) 1.2e6
Young modulus 22(kPa) 1.8e7 Tensile failure stress 22 (kPa) 1.85e6
Young modulus 33(kPa) 1.8e7 Tensile failure stress 33 (kPa) 1.85e6
Poisson ratio 12 0.077551 Maximum shear stress 12 (kPa) 5.43e5
Poisson ratio 23 0.062540 Maximum shear stress 23 (kPa) 7.7e04
Poisson ratio 31 0.312031 Maximum shear stress 31 (kPa) 5.43e5
Shear modulus 12(kPa) 2.23e5 Tensile failure strain 11 (kPa) 0.02
Shear modulus 23(kPa) 1.85701e6 Tensile failure strain 22 (kPa) 0.060
Shear modulus 31(kPa) 2.23e05 Tensile failure strain 33 (kPa) 0.060
Volumetric response Polynomial Maximum shear strain 12 1e20

Bulk modulus-Al-T1 5.29e6 Maximum shear strain 23 1e20
Parameter A2 4e7 Maximum shear strain 31 1e20
Reference temperature (K) 300 Erosion/Geometric strain Instantaneous
Specific heat (J/kg K) 1.42e3 Erosion strain 1.2
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3. RESULTS
3.1. Ballistic Test Results

Change of the thicknesses and the bullet
initial/residual velocities with the number of layers
were compared in Figure 5 (a) and (b),
respectively. As expected, the thickness values of
the plates increased with the number of layers. The
ratio of average thickness to number of layers was
between 0.26-0.28 mm. The impact velocity (initial
velocity) of the bullet was measured between 380

450 - L 400
T 4.00 - E 80
) 2 360
3 350 - =
S .00 S 340
£ 3 2 320
= 1
— 2.50 E 300

2.00 280

10 12 14 16
Number of Layers (b)

(a)
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m/s and 400 m/s with the first chronograph. During
the ballistic tests, the initial velocity of the bullet
differed slightly due to the change in the amount of
gunpowder contained in the cartridge, so the
standard deviation values of the bullet velocity
were also given in Table 3. Average bullet
initial/residual velocities, absorbed energy, specific
energy absorption values as ballistic test results,
areal density and the measured weights of the
produced plates according to the number of layers
were summarized (Table 3).

m Average
initial
velocity

= Average
residual
velocity

10 12 14 16

Number of Layers

Figure 5. (a) Thickness of plates, (b) Average initial and residual bullet velocities

As a result of laminate containing more fibres,
energy loss at impact increases with plate
thickness. All the kinetic energy of the bullet was
absorbed and stopped by the target at a ballistic
limit velocity of 390 m/s for 18 layers through
stretching the yarns, generating compressive waves
along the thickness direction, deformation of the
target, matrix cracking, fibre failure and
delamination [6]. The absorbed energy increased
with the increasing number of layers and reached
100% for the 18-layer sample by stopping the
bullet. Therefore, the tests were determined for
plates with 10-12-14-16 layers of aramid fabric and
the residual velocities were compared with the data
obtained using the finite element method. As seen
from the deformation zones perforated by the
bullet, the amount of fibre breakage on the back
faces of the plates was found to increase with the
increasing number of layers (Figure 6).
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Depending on the initial velocity of the bullet
before impact (V;) and residual velocity after
perforating the target (V,), the initial, residual and
absorbed energy values were calculated with the
following analytical formulas.

Initial (Impact) Energy(J), E;=1/2mV;? (1)
Residual energy of bullet after impact(J), E,=1/2mV;}  (2)
Absorbed energy(J), E, =1/2mV/ —1/2mV; (3)

Absorbed energy (%), E,(%)=(E,/E;)x100 (4)

Specific energy absorption (J/(gr/cmz)),ES= E,/

(Areal density) 5)
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Table 3. Ballistic test results of Twaron®/epoxy plates

Number of VC;?;‘ t Average Average Ea Ea D't;es?tly E ,
Layers © V; (m/s)/SD | V, (m/s)/SD J) (%) (glem?) (J/(g/lcm?))

10 394.25 381 538 | 351 |4.97| 86.97 14.99 0.373 233.00

12 427.78 392 852 | 317 | 9.9 | 211.89 34.52 0.405 523.18

14 517.76 392 404 | 313 |6.36| 223.48 36.29 0.490 455,91

16 587.71 393 943 | 293 |4.62| 274.59 44.37 0.556 493.50

18 655.05 388 0.58 - - 602.95 100.00 0.620 972.25

*SD: Standard deviation

Figure 6. Back-face images of 10, 12, 14, 16 layer (a), (b), (c), (d) Twaron®/epoxy plates

3.2. Finite Element Model Results
Validation with Ballistic Tests

and

For each variable in the analysis, detailed time
history results were obtained. Parameters such as
bullet residual velocity, damage behaviour and
bullet deformation over time were investigated.
Compression of the target take place just below the
bullet tip during ballistic impact, and the material
begins to flow along the thickness direction as the
bullet progresses. Bulge formation occur on the
back face of the plate as a result of bullet
compression following the target failure and finally
the bullet and plug exit from the back face of the
plate.
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The Autodyn model can detect directional damage
such as delamination with orthotropic failure
criteria. Ballistic impact damage also depends on
the shape of the 9 mm bullet. Near the impacted
face shear plugging occurred, followed by a tensile
fibre fracture region and delamination near the exit,
both leads to bulk failure. Twaron®/epoxy fails,
lost its load bearing capacity and the material
properties change depending on the type of
damage. Initiation of tensile damage for
Twaron®/epoxy can be based on any combination
of material stress and/or strain in orthotropic
principal material directions. Friction, gravitational
effects, angular velocity of the bullet are not taken
into account in the simulations.
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Figure 7. Residual velocities of (a) 0.26 mm/layer TFS:0.045, (b) 0.26 mm/layer TFS:0.060, (c) 0.28
mm/layer TFS:0.045, (d) 0.28 mm/layer TFS:0.060, () 0.30 mm/layer TFS:0.045, (f) 0.26
mm/layer TFS:0.060 at 0.06 ms
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The residual velocities with the least errors closest
to the experimental tests were obtained in the
analysis with a layer thickness of 0.26 mm, a bullet
initial wvelocity of 390 m/s, and TFS:0.045
(Figure 7 (a)). For 12 layers, the error in residual
velocity was higher than the other layers. The
measured residual velocity values for the 12- and
14-layer plates were found to be close in the
experimental tests. The second closest residual
velocity values to the experimental tests were 0.26
mm/layer, initial velocity: 400m/s, TFS:0.060
(Figure7(b)). The error in the residual velocity for
16 layer was higher than the other plates for this
analysis. The residual velocity after perforation of
the 16 layers was lower due to higher TFS:0.060
value causes the plate harder to perforate. The
other closest residual velocity values for the
parameters in Figure 7 (c) 0.28 mm/layer, initial
velocity 390m/s, TFS:0.045 and in Figure 7 (e)

0.3mm/layer, initial velocity 400m/s TFS:0.045
were calculated in the analysis with higher error. It
was observed that the error for residual velocity
increase as the number of layers increases. The
residual velocity error of the other analysis was
higher when compared to experimental tests
(Figure 7 (d) and (f)). It was found that the residual
velocity increased with the increase in the impact
velocity and there was a linear relationship
between them.

After impact, the kinetic energy of the bullet was
transferred and increases the energy of the plate
and some of the Kinetic energy was used for
deformation of the bullet. During ballistic impact,
the energy of the bullet was absorbed by the plate
with different mechanisms, resulting in bullet
retardation.

Fail 33

000ms 001 ms 002ms 003 ms 004ms 0f5ms 0.06ms 000ms 001 ms 002ms 004ms 005ms 0.06ms
(a) (b)
L.
.'E‘}',"!‘ e D g L &
4 > 4 4 4
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000ms 001 ms 002ms 003ms 004ms 005Sms 00bms i 0
Fail 11
Fail 22
] ‘} t

ms 001 ms 002ms 003ms 004 ms 005ms 0/06ms
s s L |
(c) (d)

Figure 8. Perforation mechanisms, deformation, failure modes and failure directions of (a) 10 layer (2.6
mm), (b) 12 layer (3.12 mm), (c) 14 layer (3.64 mm), (d) 16 layer (4.16 mm) (V;=390m/s,
TFS:0.045) Twaron®/epoxy plates between 0.00 ms to 0.06 ms

In the analyses performed, the closest residual Perforation mechanisms, deformation, failure

velocity results to the experimental study were
obtained in Figure 8 (0.26mm/layer, V; =390m/s,
TFS:0.045) between 0.00-0.06 ms time range.
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modes and failure directions of 10, 12, 14, 16 layer
plates were shown in Figure 8 (a), (b), (c), (d)
respectively. The perforation mechanisms observed
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in the plates were due to delamination, fibre
degradation and bulk failure. Delamination failure
increased from 10 to 14 layers but decreased in 16
layers due to higher deflection of the plate by
absorbing more Kinetic energy of bullet.

As the number of layers increased, the contact
duration of the bullet increased, causing
retardation. As opposite, the decrease in the
number of layers reduced the time required for the
bullet to pass the thickness of the plate. The contact
duration was determined by the travel of the bullet
between 0.00 to 0.06 ms. When the bullet travels
forward, the plate was damaged by different
mechanisms and plug formation occurred in the
plate as the major energy absorbing mechanism.

In Figure 9 (a), the energy percentages of the plate,
bullet and work done were given. The plate and
work done energy increased as the number of
layers increased, while the bullet energy decreased
with its speed. Work done represents the sum of
the work done by constraints, work done by loads,
work done by body forces, energy removed from
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system by element erosion, work done by contact
penalty forces. Current energy values were equal to
the sum of internal, kinetic and hourglass energy of
plate and bullet at 0.06 ms. During the penetration
of the aramid layers, the bullet lost 13%, 16.7%,
25.84% and 28.49% of its energy at 0.06 ms for 10,
12, 14, and 16 layers, respectively. Most of this
energy transferred to the plate and the rest was
spent for work done.

The maximum diameter, length dimensions of the
deformed bullet and front face hole diameter of
plates were given in Figure 9 (b) (0.26 mm/layer,
V; =390m/s, TFS:0.045). During the impact, the
length of the bullet was shortened, cross-section
was deformed into an ellipse and diameter
increased compared to original (9 mm diameter, 15
mm length) dimensions. The bullet length
increased slightly from 10 to 16 layers and the
diameter decreased slightly from 10 to 14 layers,
reached maximum value at 16 layers. This situation
was defined as an increasing deflection of the plate
in 16 layers with a rising bullet contact time and
deformation.

13.5
13
’é‘ 12.5
£ —o-Bullet Length
- 12
@ =o-Bullet Diamater
.g 11.5 Front Face Hole Diameter
S A
E 7
R 105 M%“*\/
10
9.5
10 12 14 16
Number of Layers

(b)

Figure 9. (a) Energy percent of plate, bullet and work done, (b) Deformed bullet dimensions and front
face hole diameter of plates at 0.06 ms (0.26mm/layer, V; =390m/s, TFS:0.045)

4. CONCLUSION
The ballistic impact of a 9 mm FMJ RN bullet with

different initial velocities on Twaron®/epoxy
composite plates with various layer numbers and

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

thickness was investigated experimentally and
numerically. The 9 mm bullet and Twaron®/epoxy
plate was modelled axisymmetric in Autodyn-2D
program for simplification and fast solution times
of analysis.
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Based on the experimental and analysis results,
Twaron®/epoxy plates with a layer number of
10-12-14-16 were completely perforated.

18 layers of Twaron®/epoxy armour was
determined as the ballistic limit against the
threat of 9 mm FMJ bullets with an average
ballistic velocity of 390 m/s. Plates with 18 or
more layers were absorbed all the energy of the
bullet.

It was stated that with the increase in the
number of layers, the residual velocity values
decreased as the perforation resistance of the
plates increased, and it was far from the
experimental data when the literature value of
0.06 for tensile failure strain 22 and 33 was
used. Closer residual velocity results were
obtained with the experimental tests by
reducing the TFS value to 0.045.

It was observed that with the increase in bullet
impact velocity, the residual velocity also
increases and there was a linear relationship
between them.

It was found that the optimum layer thickness
was 0.26 mm for the best residual velocity
values.

The closest residual velocity analysis results to
the experimental tests were obtained in the
0.26 mm/layer, Vi =390 m/s, TFS: 0.045 at
between  0.00-0.06 ms  from  three
(0.26/0.28/0.30 mm) layer thicknesses and
three (380/390/400 m/s) velocities.

The work done energy for 16 layers was the
highest compared to 10, 12, and 14 layers in
(0.26 mm/layer, 390 m/s, TFS: 0.045) analysis.
With the highest deflection of the plate and the
increase in the contact time of the bullet in the
plate, bullet reached the highest diameter,
deformed in the form of an ellipse, and caused
more local damage to the plate.

As the number of layers increased, the plate and
work done energy increased, while the bullet
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energy decreased with its speed. The bullet lost
minimum 13% and maximum 28.49% of its
energy with full perforation at 0.06 ms
(0.26 mm/layer, 390 m/s, TFS:0.045).
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Oz

Gelismekte olan (lkelerin enerji tiketimindeki yilkselme atmosfere karbondioksit salinimini artirarak
kiresel 1sinmaya sebep olmaktadir. Kiresel isinmaya bagli olarak ortaya ¢ikan dogal afetler insanlarin
yasamlarini1 olumsuz ydnde etkilediklerinden dolay: atmosfere karbondioksit saliniminin kontrol altina
alinip sdrddrdlebilir hale getirilmesi gerekmektedir. Bu sebeple fosil kokenli yakitlara alternatif
kaynaklarinin arastirilmas: zorunlu hale gelmektedir. Riizgar enerjisi, biyodizel vb. gibi alternatif
biyoyakitlar icerisindeki alternatif enerji tretim yontemlerinden birisi de biyogaz Uretimidir. Biyogaz
Uretiminde uygun organik atiklar kullanilarak %35-45 CO,, %55-65 CH, oranlarda biyogaz karisimi
uretilirken eser miktarda CO, H,S, NH; gibi diger uriinlerde ortaya ¢ikmaktadir.

Yapilan bu ¢alismada biyogaz dretiminde kullanilan sivi fazda bulunan toplam karbon miktari, fenolik
icerik miktarlari, Azot(N), Fosfor(P,Os), Potasyum(K,0), pH, Hiimik asit, Fulvik asit ve iletkenlik gibi
degerlerin degisimi biyogaz Uretimi oncesi ve sonrasinda test edilerek belirlenmistir. Elde edilen
sonuglara gére N, P, K miktarlarinda herhangi bir degisim ortaya ¢ikmazken pH degerinde yukselme,
fenolik igerik, toplam karbon icerigi, iletkenlik, Humik ve Fulvik asit iceriklerinde biyogaz retim sireci
sonrasinda artis meydana geldigi gézlemlenmistir.

Anahtar Kelimeler: Biyoyakit, Biyogaz, Atik bertarafi, Biyoenerji
The Investigation of the Other Component During Biogas Production

Abstract

The rise of the energy consumption of developing countries increases the carbon dioxide emission
through to the atmosphere that causes global warming. The releasing of the carbon dioxide into the
atmosphere is needed to be under control and sustainable because of the natural disaster appearing
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depending on the global warming that affects human life negatively. Therefore, the investigation of
alternative resources is an under obligation instead of fossil-based fuels. The biogas production is one of
the methods in alternative fuel manufacturing such as biodiesel, wind power and etc. The mixture of
gases %35-45 CO,, %55-65 CH, are produced with trace amount of other gases CO, H,S, NH; by using

suitable organic wastes after digestion.

In this study, the amount of phenolic compound, nitrogen (N), phosphorus (P,Os), potassium (K,0), pH,
Humic and Fulvic acid, conductivity properties were investigated in liquid phase before and after
digestion. According to obtained results, there are any differences for the amount of N, P, K, while the
value of the pH increases after digestion and the amount of the total carbon, Humic and Fulvic acid, the
phenolic compounds and conductivity increases after digestion.

Keywords: Biofuel, Biogas, Waste treatment, Bioenergy

1. GIRIS

Atmosferdeki karbondioksit (CO,) miktar1 1850
yillarinda  endistrilesmenin  baslamasiyla 185
ppm’den 270 ppm degerine ylikselmis ve 2021 yih
Kasim ay1 ortalamasina gore 417 ppm olarak
Olculmustir [1-4]. Karbondioksit miktarindaki bu
artis gunes sinlarinin tekrar uzaya yansimasini
engelleyerek atmosferin sicakliginin yiikselmesine
neden olmaktadir [5]. Bu sicaklik artigi, kiresel
1sinma olarak  tammlanmaktadir ve dinyada
kurakhiklara —asin  yagislara  bagh  sellerin
olusumuna sebep olmaktadir. Bu sebepten dolayi
sicaklik artistnin oncelikli olarak 2 °C’nin altinda
kalmasi ve ilerleyen sireclerde sicakhik artisinin
kontrol edilebilir olmas: planlanmistir. Bu sebeple
karbondioksit saliniminin kademeli olarak 2030
yilina kadar dustrllmesi karari alinmig ve 2016
yilinda  yaklagik 175  dlkenin  katilimiyla
Amerika’nin Newyork sehrinde Paris anlasmasi
(4618 nolu Resmi Gazetede) olarak imzalanmstir
[6]. Alinan kararlarda 6zellikle fosil kaynakl
yakitlar yerine, riizgar enerjisi [7], jeotermal [8],
glines enerjisi[9], hidroelektrik enerjisi [10] ve
biyokdtle gibi alternatif kaynaklarin kullaniminin

artirilmast  belirtilmistir ~ [11-17].  Biyokditle
kaynakl yakitlarin  dinya enerji ihtiyacinin
yaklasik %14 oraninda katki saglayabilecegi

belirtilmektedir [18]. Birinci nesil olarak bilinen
biyoyakitlar genelde yenilebilen hammaddelerden
mayalanma ile elde edilen biyoetanol, biyobiitanol
gibi yatkilarin yam sira biyodizel Gretimi ile de
gerceklestirilmektedir ~ [18-20].  ikinci  nesil
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biyoyakitlar ise artan dinya nifusuna bagl gida
ihtiyaci  sebebiyle yenilenemeyen vyaglar ve
lignosellloz gibi hammadde kaynaklar: biyoyakit
uretiminde kullaniimaktadir [20]. Uclincii nesil
biyoyakit kaynaklari ise ilk iki nesilde olan
ihtiyaclardan dolayr hammadde kaynag: olarak
sadece atik organik maddeler kullanilarak
Uretilmektedir. Bu atik organik maddeler uygun

sartlarda biyoreaktorlerde gerceklestirilen
streclerde, biyodizel  dretimi,  biyohidrojen,
biyoetanol ve biyogaz gibi farkli drinlere
donustaralmektedir  [11,18,20-22].  Alternatif

biyoyakitlar icerisinde en 6nemli alternatif yakit
kaynaklarindan birisi de yuksek kalorili 5200
kcal/Nm® enerji degerlerine sahip biyogazdir
[23,24]. Biyogaz icerdigi (CH,) metanin molekiil
formulindeki karbon basina yapisinda bulunan
hidrojen  miktarinin  ylksek olusu sebebiyle
yanmasi sonucu olusturdugu karbondioksit miktari
diger karbon kokenli yakitlara gére daha dustktir.
Bunun disinda uygun oksijen igerigindeki yanma
islemi yaklasik % 100 olarak gergeklesmektedir.

Biyogaz dretimi buylkbas, kicikbas ve kanath
hayvanlardan elde edilen biyoktle kaynaklarindan
Uretilebildigi gibi evsel ve sanayi atiklarindan,
tarimsal faaliyetlerden sonra olusan zirai atiklardan
da Uretilebilmektedir [11,12]. Onceki
calismalardan elde edilen sonuglara gére farkl atik
maddelerinin  kullanimi  biyogaz  olusumunu
artirmaktadir [12]. Ayrica, farkh reaktor tiplerinin
biyogaz olusum miktarini etkiledigi gorilmastur.
Biyogaz olusum prosesinde uygulanan farkh
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sicakhklarin, kanistirmanin, C/N  miktarindaki
degisimlerin, basincin, proses sartlari gibi farkh
durumlarin biyogaz Uretim verimi (zerine etkileri
detayl sekilde arastirilmaya devam etmektedir
[18].

Yapilan bu arastirmalar biyogaz Gretim miktarin
ve kalitesini artirmaya yénelik olsa da biyosirecten
gecmemis biyokutlenin hava, su ve toprak kirliligi
Uzerine  etkilerinin  yeterince irdelenmedigi
gorilmastir. Bu nedenle biyosire¢ sonras: olusan
biyokditle ve igeriginin ne oldugu ve hangi amaclar
icin  kullanilabilecegi  gibi  konulara katki
saglanabilecegi dustnilmektedir. Ayrica. Yapilan
incelemeler genellikle elementel dizeyde olup
biyosire¢  sonrasi  olusan  molekiller  ve
molekdllerin  6zellikleri belirtilmemektedir [25].
Bu sebeple, yapilan bu arastirmada biyogaz olusum
strecinden sonra oOzellikle sivi fazda meydana
gelen degisimler pH, toplam organik madde igerigi,
toplam fenolik madde miktari, Himik ve Fulvik
asit icerikleri gibi ligant karakterli metallerle
kompleks olusturarak minerallerin asinimi saglayip
toprakta organik besin igerigini farklilastirabilecek
maddelerin varlig: arastirilmastir.

2. MATERYAL VE METOT

Biyogaz (retiminde daha onceki calismalara
benzer olarak daha da gelistirilen biyoreaktor
kullanilmigtir [11,12]. Biyogaz Uretim sirecinde
daha 6nce kullanilan biyoreaktér 70 litrelik gaz
sizdirmaz sekilde ve (316) paslanmaz celik
kullanilarak imal edilen reaktdrde isitma islemi
kontak termometre kontrollii olarak su ceketli
isitict yardimiyla gerceklestirilmistir. Karistirma
islemi mekanik karistiricili olarak 5 dk/devirde
gerceklestirilmistir. Onceki cahsmalara uygun
olarak reaktor sicakhgi 38 °C’ye ayarlanmistir.
Biyoproses sonrasi olusan gaz miktarin
belirlemek i¢cin Mastech MS6310 Gaz Dedektorii
kullanilmigtir.  Proses sonrasi olusan gazlarin
analizleri ise G5000 portatif gaz analizori
yardimiyla yapilmigtir. Olusan biyogazlardan
Ornek gaz almak icin (Flexfoilplus) numune
cantast kullamilmigtir.  Ayrica olusan gazlar
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Agilent (6820) gaz kromatografisi kolon
(molesieve 5A 30 m x 0,53 mm x 50 pm)
kullanilarak belirlenmistir.

Biyogaz Uretiminde biyokiitle kaynagi cok ¢nem
arz etmektedir. Bu sebeple yapilan bitiin deneysel
calismalarda aym beslenme diyetine sahip aym
blylkbas hayvandan elde edilen biyokitle
kullanilmigtir. Ayrica, biyokutle kaynagi herhangi
bulasa izin verilmeden en kisasiirede ortamdan
ahnarak kullanilmigtir.  Yapilan bu c¢ahismada
Onceki caligmalara benzer olarak % 60 kaba yem %
40 yogunlastirilmis yem karisgimiyla beslenen 6
yasindaki disi dogurganlik doneminde olmayan
(Simental) hayvandan temin edilmistir.

Fermentasyon islemlerinde 13 kg saf su, 13 kg
yukarida belirtilen hayvandan alinan biyokiitle
kullanilmigtir. Biyoreakttre yikleme yapildiktan
sonra 225 dk/dvr 5 dk’lik 6n karistirma isleminden
sonra analizler icin 100 mL’lik numune alinmigtir.
Alinan numune adi siizge¢ kdgidindan stiziildikten
sonra ilgili analizler yapilmistir. Aym analizler 15
gunlik fermentasyon siresi tamamlandiktan sonra
100 mL’lik 6rnek alinarak filtre isleminden sonra
yapilmigtir. Yapilan analizlerde organik madde
tayini TS 8336, organik karbon tayini standart
metod 5310 kullamlarak, Humik-Fulvik asit
miktar1 i¢in TS 5869, N-P-K analizleri icin TS
2832, iletkenlik tayini icin TS 9748 yodntemi
kullanilmis ve Toplam Fenolik Madde (TFM)
icerigi Colin Ciocalteu [26-28] yontemi yardimiyla
belirlenmistir.

3. BULGULAR VE TARTISMA

Calisma bulgularinin tartisilmasina gecilmeden
Oncelikle biylkbas hayvanlardan elde edilen
biyokitleden biyogaz Uretiminin neden 6nemli
oldugunun anlasiimas: gerekmektedir [15,29]. Bu
sebeple, biyokiitlenin biyogaz tretimi yapilmadan
tarim arazilerine uygulamalarindaki problemlerin
belirlenmesi  gerekmektedir [30]. Biyokutle
biyogaz Uretimi yapilmadan tarim arazilerinde
verimi artirmak i¢in kullanilmakta ve Urunlerde
artig gosterdigi belirtilmektedir [30,31]. Ancak bu
noktada toprak, hava ve tarim arazilerindeki
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sularda meydana gelen sirecin belirlenmesi
gerekmektedir. Biyokitle biyogaz sireci olmadan
topraga uygulandigi zaman biyobozunma sireci
toprakta meydana gelmektedir [23]. Bu sirecte,
seliloz, lignin, lipit, protein vb. blylk
molekdillerden daha kii¢lik ucucu molekiller
olusmaktadir  [32]. Bu siirecle birlikte
biyobozunma sirasinda meydana gelen metan gibi
ugucu molekiiller dogrudan atmosfere
karismaktadir [33]. Biyobozunma streclerindeki
bu olay ashinda kiresel 1sinma ile yakindan
alakalidir. Atmosfer gazlari icerisinde bulunan
metanin kiresel 1sinmaya katkisinin 84 kat daha
yiksek oldugu ve sanayilesme dénemine kiyasla
2.5 kat daha ylksek oldugu belirtilmektedir [4].
Ayrica, sanayilesmenin basladigi 1750 yilindan
ginimuze atmosferdeki metan miktari % 150
artis gostererek 1803 (parts per billion) ppb
seviyesine ulasmistir [4,30,31]. Zirai faaliyetlerin
toplam sera gazi salinimina katkisi %23 olarak
tahmin edilirken bu miktar igerisine metan
salintmi % 44 olarak tahmin edilmektedir [30].
Ormanlarin tarim arazilerine donustirilerek zirai
faaliyete agilmas: zirai kokenli metan salinimin
daha da artirmaktadir. Ayrica, bu alanlarda besi
ciftliklerinin kurulmas: metan salinitmini artirarak
hava kirliliginin ve kiresel 1isinmanin etkilerini
artirmaktadir ~ [4,32,34]. Bunlara ilaveten
biyokitlenin  direkt uygulanmasi  sulardaki
biyolojik oksijen miktar: ihtiyacinin artmasina,
baliklarin ve suda yasayan diger canlilarin
olumsuz etkilenmesine, alglerin dlizensiz ve asir
cogalmasina sebep olabilmektedir [31]. Bunlarin
yan sira Ozellikle biyukbas hayvan ciftlikleri ve
koylerde olusan biyokitlelerin  muhafazasi,
goruntd  kirliligine, stre¢ icerisinde biyo-
bozunmalarin gerceklesmesine bagl kétu koku
olusumu, salgin hastaliklarin yayilmasi, 6zellikle
bahar dénemi yagislar: ile birlikte meydana gelen
problemlerle biyokitlelerin yaya ve tasit yollarina
dagilmas: gibi problemlere sebep olmaktadir.
Bunlara ek olarak, Bosch-Haber sentetik gibre
Uretiminde yuksek kararliliga sahip N, baginin
kirllarak (amonyak) NH; dretildigi ve yiksek
enerji  gerektiren reaksiyondan elde edilen
gubrelerin kullanimlarinin azaltilmasi
gerekmektedir [35,36].
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Cizelge 1. Biyogaz Uretimi sonucu elde edilen
diger riinler

icerikler BiypsUreg Biyosureg
énce sonra

% N - -

% K,0 - -

% P,0s - -

% pH 7,1 74

iletkenlik (mS) 4,36 10,21

Fenolik (mg/100g) 4,57 7,83

% Organik karbon 0,65 1,42

% Organik madde 0,86 3,01

% Humik fllvik 0,81 1,71

Yukarida agiklanan bu sebeplerden dolayr biyo
kitle ve uygun organik atiklar, zirai faaliyetlerde
ortaya cikan atiklar gibi atiklarin biyogaz
uretiminde  kullanilmasi  yenilenebilir  enerji
katkisim artirip sera gazi etkisini azaltarak su,
toprak ve havanin daha temiz kalmasina katki
saglamaktadir [21,37]. Biyogaz (retiminde elde
edilen biyogaz disinda olusan diger maddelerin ne
oldugu ve hangi alanda kullanilabilecegi ¢ok
onemlidir [36]. Bu sebeple 6zellikle biyogaz
stirecinden gegcirilmis bir biyokutle ile biyogaz
Uretim slrecinden gecirilmemis biyokiitlenin
farklari ¢ok 6nem arz etmektedir [37]. N, K;0,
P,Os gibi bitki beslenmesinde 6nem arz eden
inorganik bilesiklerde biyogaz Uretimi éncesi ve
sonrasinda herhangi bir degisim
gozlemlenmemistir Cizelge 1.

Yapilan calismada elde edilen verilere gore pH ¢ok
kiglk (0,3) bir artis gostererek dnceki ¢alismalarla
oldukga uyumlu sonuclar elde edilmistir [34].
Biyosure¢ sonrasi olusan organik madde ve
organik karbon miktarindaki degisim pH degisimi
ile yakindan alakahdir [38]. Biyosuregte ilk
basamak olan hidroliz sureci sonucunda buyik
organik maddelerin daha kiglik molekullere
donligsmesi  suda  ¢ozlnebilir ~ molekdllerin
olugmasin: saglamaktadir [32,39].

Biyosurecin son kisminda ise asidogenik bakteriler
hidrolizden sonra olusan molekulleri organik
asitlere donustirmektedir [39]. Bu verilere gore
organik madde miktarimn ve pH’min degisimi
olusan farkli organik asitlerin  olustugunu
gostermektedir [32,38].
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Sekil 2. Flvik asit temsili gosterimi [41]

Sentetik gubre Uretiminde etilen di amin tetra
asetik asit (EDTA) vb gibi selatlagtirict molekuller
kullanmilarak Zn, Fe gibi elementlerin salinimlarin:
yavaslatarak bitkinin giibre kullanimindan uzun
slire sonra dahi beslenebilmesini saglamaktadir
[42]. Bu amag igin tartarik asit, sitrik asit, maleik
asit gibi ¢ok disli ligand karakterli organik asitlerin
kullaniminin etkileri arastiriimaktadir [42]. Daha
Onceki calismalarimizdan elde edilen sonuglara
gore yapisinda karboksilik —(COOH) ve —(OH)
gibi fonksiyonel gruplari igeren organik molekuller
metallerle kompleks yapilar olusturabilmektedir
[43,44]. Ozellikle, molekiiler yapisinda suda
coziinebilmeyi saglayan fonksiyonel gruplar
iceren ve elektrik iletkenlige katki sunan Humik-
Fulvik asit gibi fenolik ve karboksilik yik tasiyic
molekil ve iyonlarin olugmas: diger elde edilen
verilerle ¢ok glizel sekilde ortlismektedir Cizelge 1,
Sekil 1 [44]. Bu sebeple, iletkenlik biyosireg
Oncesi ve sonrasinda en fazla degisim gosteren
faktor olarak gorilmektedir. Bunun disinda
biyosiire¢ sirasinda olusan asetik, Himik, Fulvik
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temsili gosterimi [40]

asit gibi kiglk organik asidin agir metaller ile
kompleks  yapilar  olusturabildigi ve sulu
cozeltilerde tampon gorevi yaptig1 belirtilmektedir
[32,38]. Ayrica organik asitlerin varliginin i) pH’y1
digurip  minerallerin ~ ¢Ozlndrlik  sabitinin
degismesine ve bu sartlarda asinarak bitki
beslenmesinde kullanilabilir forma gegmesine, ii)
minerallerdeki ylzey metalleri ile kompleks
olusturulmasina, iii) AIF* gibi sulu ¢ozeltilerdeki
iyonik metallerle kompleks olusturarak sulu
cozeltilerdeki konsantrasyonunun degismesine ve

kimyasal  aktivitelerinin  dusmesine  sebep
olmaktadirlar [45].
! Y4 2 0=---M1)

R—Ci vz R—cX

\O/ O----M"
o)
R—|c|—‘“o———M+ R——O0----M"
R; Organik molekiil,

L M" yada M*"; Metal (Mg, Ca, Fe vb.) )

Sekil 3. Karboksilik
kompleks [43]

asit ve fenolik metal

Yapilan calismada biyostre¢ sonrasi olusan Uriin
incelendiginde meydana gelen degisim organik

madde ve organik karbon igeriginin Ozellikle
Himik ve Fdlvik asit acisindan  arttig:
gorilmektedir Cizelge 1. Himik Sekil 1
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(Stevenson 1982) ve Fllvik asit Sekil 2 (Buffle
1977) molekullerinin kimyasal formdlleri farkl
kaynaklarda farkli sekillerde gosterilmektedir
[40,41]. HUmik ve Filvik asit toprakta bulunan
faydal: mineralleri bitkilerin kullanilabilmesi igin
uygulanan ligant karakterli kompleks olusturucu
molekillerdir Sekil 3 [43,44,46]. Ayrnica bu
molekiller, yapilarinda hidroksil, karboksilik asit
gibi farkl: fonksiyonel gruplara sahip iyon degisim
kapasitesi yiiksek olan selat (metallere baglanarak
kompleks olusturma kapasitesine sahip molekdiller)
karakterli molekillerdir Sekil 1 ve Sekil 2 [47,48].
Polielektrolitik ©zelliklerinden dolay: biyosireg
sonrasi elde edilen sivi numunede elektrik
iletkenligi yaklagik olarak 2.5 kat artis gostermistir
[44,46]. Ayrica elektrolitik ozelliginden dolay:
bulundugu sartlara gére elektron kabul eden veya
sunabilen molekul olarak davranabilmektedir [44].

Biyosurecteki  biyokiitle  kaynagi,  blyukbas
hayvana uygulanan beslenme diyeti, biyosurecte
kullanilan reaktor ve bakteri grubu gibi etmenler
sirecte olusan organik maddelerin farklilasmasina
sebep olmaktadir [11,12]. Bu sebepten dolay:
olusan maddeler molekiiler duzeyde ayri ayn
incelenmemistir.

Himik ve Fulvik asit toprakta bulunan minerallerin
asintmini kolaylastirarak bitkilerin kullanabilecegi
forma donustlrmesi bitkilerin beslenme ve gelisimi
acisindan 6nemli rol oynayabilecegini
gostermektedir [44,45,47,49-51]. Salatalik
bitkisine Himik ve Filvik asit uygulamalar:
sonucu hem salatalik bitki gelisimini hem de elde
edilen Urun veriminin arttigim gostermistir [52].
Bir diger caligmada Humik asit uygulanan
bitkilerde kok ve filiz gelisimiyle birlikte yaprak
blyuklugi ve klorofil igeriginin artirdigi tespit
edilmistir [53,54]. Yapilan bir diger ¢calismada tuz
stresine maruz birakilan bitkilerde Humik asit
kullaniminin hem bitki gelisimini hem de Uriin
miktarint artirdigi gozlemlenmistir [51,53]. Ceri
domateslerine yapilan Humik asit uygulamalar
sonucu verimin, likopen miktarinin ve askorbik asit
miktarinin arttigi gézlemlenmistir [55]. Himik asit
kullanilarak  bitkilerin ~ kurakhk  stresindeki
gelisimleri  incelendiginde  topraktaki  besin
degerlerinin ve su igeriginin arttigi gdzlemlenmistir
[56]. Feslegen ile yapilan bir diger calismada ise
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Himik asit kullanim: sonucu bitkide ugucu yag
asitlerinin, antioksidan, antimikrobiyal aktivitenin
ve Klorofil igeriginin arttigi bulunmustur [57].
Okaliptlis agacina uygulanan Himik asit bitki
metabolizmasim ve topragin 6zelligini degistirerek
bitkinin gelisimini artirdig1 ve topraktaki besin
miktarint artirdigi ortaya konulmustur [58]. Yer
fistigina uygulanan Humik asit Grin veriminin ve
klorofil miktarinin arttigi gozlemlenmistir [59].
Bunlarin disinda bitkilere fosfat, magnezyum,
kalsiyum ve azot ahmini artirarak bitki gelisimine
katk: saglamaktadir [48].

Elde edilen sonuclara gére biyogaz uretimi dncesi
ve sonrasindaki Himik ve Filvik asit iceriginin
degisimi incelendiginde yaklasik olarak %31
oraninda bir artis oldugu goriilmektedir. Onceki
calismalarda elde edilen sonuglara bakildiginda bu
artisgin -~ bitki  gelisiminde ¢ok  6nemli  rol
oynayabilecegi kuraklik ve tuz stresine kars1 etkin
rol oynayabilecegi gorilmektedir.

4. SONUC

Yapilan cahisma ile biylkbas hayvandan elde
edilen biyokitle hammadde kaynagi kullanilarak
pilot biyoreaktérle alternatif yakit olan 0,5 m*ton
biyogaz Uretimi basariyla gergeklestirilmistir.
Atiklardan alternatif yakit Gretimi artan enerji
ihtiyaglarimin - sebep oldugu hava Kirliliginin
azaltilabilecegi gorilmektedir. Ayrica biyogaz gibi
hammadde kaynag: bol ve ucuz olan farkl amaclar
icin  kullamlabilecek  alternatif  enerjilerin
uretiminin Glke ekonomisine katki saglayabilecegi
anlasiimaktadir.

Ozellikle koylerde ve besi ciftliklerinde olusan
biyokdtle kullanilarak bu kaynaklara bagh kot
goruntt, koku, bulas olusumu gibi faktorlerin
azalihp bu atik kaynaklardan biyogaz Gretimi
yapilarak c¢evresel problemlerin azaltilabilecegi
gortlmektedir. Bu sebepten dolayi, kdylerde planh
sekilde yapilacak biyogaz Uniteleri ile elde edilecek
biyogaz ulagim, tarim, elektrik uretimi gibi amaclar
icin kullanilarak kdylerde yasayan insanlarin daha
konforlu yasam alanlarina ulasmalar: saglanabilir.
Bunlarin disinda, biyostrecten ge¢cmis biyokdtlenin
Himik ve Fulvik asit gibi zengin ligant karakterli
selatlastirict molekdllerin icerigi tarim arazilerinde
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kullamlmaktadir. Ligant karakterli bu molekiiller
minerallere  koordine  olarak  olusturduklar
kompleks yapilar ile hem minerallerin asinimlarim
hizlandirirlar  hem de olusturduklari  metal
kompleksleri ile minerallerin bitki beslenmesinde
daha etkin kullanimina yardimci olmaktadirlar.
Bdylece hem sentetik glibre ihtiyaci azaltilarak
topraklarin  sentetik glbrelerden gelen agir
metallerle kirlenmesi engellenmis olur hem de
ekonomik anlamda sentetik glbrelere verilen
yuksek maliyet azaltilarak degerli ciftcilerimize
ekonomik anlamda da katki saglamig olacaktur.
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Abstract

Liquefied petroleum gas (LPG) cylinder is a type of pressure vessel that used to store and transport
liquefied gases. In this study, S460MC steel with a thickness of 1.50 mm and submerged arc welding
method were used in the manufacturing of LPG cylinders. Selection of the welding consumables (wire,
flux) and optimization of the welding parameters (current, voltage, travel speed) are the primary focus of
the study. Selected welding parameters have been verified as a result of visual and radiographic (X-ray)
tests and macroscopic examinations. In order to analyze the effects of welding consumables on
mechanical properties, test specimens were prepared, then tensile and hardness tests were performed and
it was observed that molybdenum element increased the mechanical strength. In order to fulfill the
requirements of the LPG cylinder production standard, bursting & volumetric expansion tests and
pressure fatigue tests were performed and the requirements were met.

Keywords: LPG cylinder, Submerged arc welding, HSLA steel, Molybdenum, Mechanical strength

LPG Tiiplerinin Tozalti Ark Kaynaginda Kullanilan Kaynak Teli ve Kaynak Tozu
Kombinasyonlarinin Mekanik Ozelliklere Etkisinin Incelenmesi

Oz

Swvilagtirilmig petrol gazi (LPG) tiipii, stvilagtirilmig gazlari depolamak ve tagimak i¢in kullanilan bir tiir
basingh kaptir. Bu caligmada, LPG tiipli imalatinda kalinlig1r 1.50 mm olan S460MC celigi ve tozalt1 ark
kaynag1 yontemi kullanilmigtir. Kaynak sarf malzemelerinin (tel, toz) se¢imi ve kaynak parametrelerinin
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(akim, gerilim, ilerleme hiz1) optimizasyonu ¢alismanin 6ncelikli odak noktalaridir. Gorsel ve radyografik
(X-151m1) testler ve makroskopik incelemeler sonucunda secilen kaynak parametreleri dogrulanmstir.
Kaynak sarf malzemelerinin mekanik 6zellikler tizerine etkilerini incelemek amaciyla deney numuneleri
hazirlanmis sonrasinda ¢ekme ve sertlik dlgme testleri yapilmistir ve molibden elementinin mekanik
dayanimi arttirdig1 gozlemlenmistir. LPG tiip iiretim standardi gereksinimlerini dogrulamak amaciyla da
patlatma & hacimsel genlesme deneyleri ve basingla yorulma deneyleri uygulanmistir ve gereksinimler

saglanmustir.

Anahtar Kelimeler:

1. INTRODUCTION

LPG cylinder is a product that is open to gains and
improvements in terms of material consumption,
logistics costs and transport ergonomics. The
primary step to achieve these improvements is to
reduce the weight of LPG cylinders. In this
direction, it is necessary to reduce the thickness of
the steel used as a raw material. In order to provide
the required mechanical strength after the thinning
of the wall thickness, materials with higher
mechanical strength values than conventional LPG
cylinder steels should be used.

Pressure vessels are equipment that are closed to
the atmosphere used in the production,
transportation or storage of industrial gases, fuel
gases and steam [1]. LPG cylinder is a type of
pressure vessel that requires high tensile and
compression strength to store pressurized gases.
The steel of the pressure vessel should not be
affected or weakened by the planned content
(LPG) and not cause a dangerous effect. The steel
must be resistant to brittle fracture and stress
corrosion cracking. The steel cylinders are
manufactured either in two piece or three-piece
construction. In two-piece construction, cylinders
are fabricated by welding two domed ends
together. The strength characteristics of the welds
in the finished cylinder should meet all the
requirements, which are specified in the TS EN
14140 for the design and calculation of the cylinder
[2, 3]. S460MC is a high strength low alloy
(HSLA) ferritic-pearlitic structural steel with
minimum yield strength of 460 MPa. Welding
techniques with minimal heat input are
recommended to maintain the fine structure
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providing high strength properties [4]. Submerged
arc welding is an arc welding method in which the
heat required for welding is generated by the arc
formed between the melting electrode and the
workpiece. Due to its high productivity, submerged
arc welding (SAW) is preferred rather than many
welding processes. SAW process offers significant
advantages such as high reliability, stable arc, no
spatters, no fumes or radiation, deep penetration
and excellent surface finish of welds. In submerged
arc welding, welding metal is formed by the
chemical and physical reaction among filler metal,
base metal, and welding flux. While the arc, the
weld metal and the base metal are protected by the
flux and slag (molten flux). Welding flux also
reacts with the weld pool and deoxidizes the weld
metal. Welding fluxes used when welding alloy
steels may contain alloying elements that balance
the chemical composition of the weld metal.
Welding flux and welding wire should be chosen
precisely to obtain a good compatibility between
base and weld metals. The alloying elements in
flux can be used to enhance the mechanical
properties and crack resistance of the weld bead [5-
7]. Welding parameters such as current, voltage
and travel speed are the principal parameters of
submerged arc welding (SAW). Increasing the
welding current to improve deposition rate, leads to
an increase in heat input [8, 9]. In addition, this
leads to deeper penetration and higher melting rate
of welding wire. Lack of penetration or incomplete
fusion may occur if the current is too low.
Essentially, the arc voltage determines the shape
and appearance of the weld bead section. While
current and travel (welding) speed are constant,
increase in voltage results in a flatter and wider
weld bead [10].
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Steel is an iron (Fe) - carbon (C) alloy. In addition
to carbon, steels are also alloyed with different
elements such as Mn, Si, Cr, Ni, Mo, V, W, Al, etc.
In terms of weldability, carbon and low alloy steels
can be divided into different classes such as carbon
steels, high-strength low alloy steel or heat-
treatable low alloy steels. HSLA steels are
designed to provide better mechanical properties
than conventional carbon steels. They are generally
classified according to mechanical properties rather
than chemical compositions. The weldability of
most HSLA steels is similar to that of mild steel.
The carbon equivalents (CE) are kept low for good
weldability [11].

S460MC steel is a weldable and cold formable
material with high mechanical strength. Therefore,
it was used as a raw material in the manufacturing
of LPG cylinder. The scope of this study is as
follows; optimization of submerged arc welding
parameters, selection of welding consumables,
destructive & non-destructive tests and the

Table 1. Mechanical properties of S460MC [12]

Ugur NUHOGLU, Tolga MERT, Mustafa TUMER

evaluation of the effect of welding consumables on
mechanical properties.

2. MATERIALS AND METHODS
2.1. Base and Filler Metal

This part can be handled in two parts; the steel
material used in the manufacturing of the LPG
cylinder and the consumables (welding wire and
welding flux) used in circumferential submerged
arc welding. S460MC was used as a base material
for the manufacturing of the LPG cylinder due to
its high strength and its chemical composition for
weldability. The mechanical and chemical
properties of the S460MC steel are shown in
Table 1 and Table 2. Due to their completely
adjusted chemical composition and precisely
controlled thermo-mechanical processes, their
strength and ductility are maintained.

Standard Quality Re, (N/mm?) Rm, (N/mm?)
EN 10149-2 S460MC 460 (min.) 520-720
Table 2. Chemical composition of S460MC [12]
Standard %C max. %Mn %P max. %S max.
0.12 1.00-1.60 0.025 0.015
%S max. %Si max. %Al %Nb max.
EN 10149-2 0.015 0.3 0.015-0.060 0.09

In order to obtain good results in welded joints,
base metal and filler metal chemical compositions
must be compatible [13]. Two different wire-flux

of LPG cylinders. By taking into consideration the
thickness of the base metal to be welded (1.50
mm), welding wires were selected with 1.60 mm

combinations were selected to analyze the effect of diameter for  experiments. The  wire-flux
welding consumables on the circumferential weld combinations used are given in Table 3.
Table 3. Wire-flux combination
Standard Code Wire Flux
S1 S42 AARSI1 SAAR1
EN IS0 14171-A S2Mo S 46 3 AB S2Mo SAAB1

S1 is a solid, submerged arc welding wire suitable
for welding general structural steels with tensile
strengths up to 510 N/mm?, used in pressure vessel,
pipe, shipbuilding and steel constructions [14]. S A
AR 1 is a rutile type, agglomerated submerged arc
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high speeds with excellent bead appearance [15].
S2Mo is a Mo-alloyed and solid, submerged arc
welding wire suitable for welding general
structural steels, low alloyed steels with medium
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and high tensile strengths, used in pressure vessel,
boiler, tanks, pipe and heavy steel constructions
[16]. S A AB 1 is an alumina-basic type,
agglomerated submerged arc welding flux [17].

The chemical compositions and mechanical
properties of welding wires given by supplier are
shown in Table 4.

Table 4. Typical mechanical properties and chemical content of S 42 A AR S1 and S 46 3 AB S2Mo

welding wires [15,17]

Elements (%owt.)

Wires C Si Mn Mo
S42AARS1 0.07 0.03 0.55 -

S 46 3 AB S2Mo 0.05 0.30 1.35 0.35

Mechanical properties (N /I;znemz) (N/Rmmmz) Elor(1%tlon Charpy V-notch properties (J)
S42AARS1 460 530 28 20°C — 60 0°C — 30
S 46 3 AB S2Mo 510 570 26 20°C — 100 -40°C — 50

2.2. Welding and Experimental procedure

Lincoln Electric AC/DC 1000® SD welding
machine and MAXsa® 10 control unit were used
for the circumferential submerged arc welding of
the LPG cylinder. In the mechanism where the
welding process is carried out, the welding torch
can be adjusted to the desired position, then the
LPG cylinder is rotated in the horizontal position
and welded. The welding set-up is shown in Figure
1. 200 mm trial weld beads were prepared with
nine different combinations of current, voltage and
travel speed. The parameter combinations of these
trial runs are shown in Table 5.

Visual and radiographic  inspections and
macroscopic examinations were carried out for the
prepared weld specimens. During the visual
inspection, incomplete fusion was observed in the

Table 5. Parameter combinations

weld beads of the W-1 and W-2 coded runs.

No visual defects were observed for other weld
beads. The incomplete fusion is shown in Figure 2.
After the visual inspection, radiographic tests (X-
ray) were performed for each welded specimen
accordingto TS EN 1SO 17636.

A ’ )
Figure 1. Welding set-up

Run Current (A) Voltage (V) Tzz\r;e/ln?ipné)ed Weztrjnlne]r)\gth |-|(ek3§r:1nmp; t
W-1 240 26 90 200 0.42
W-2 245 26.5 100 200 0.39
W-3 250 27 110 200 0.37
W-4 255 27.5 90 200 0.47
W-5 260 28 100 200 0.44
W-6 265 28.5 110 200 0.41
W-7 270 29 90 200 0.52
W-8 275 29.5 100 200 0.49
W-9 280 30 110 200 0.46
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Figure 2. Incomplete fusion

Macroscopic examination was performed in
accordance with TS EN ISO 17639. Welded
specimens were sanded with 30, 180 and 600 grit
sand papers. Then, etching was carried out in
accordance with ISO/TR 16060. 5 ml of nitric acid
(HNO3) and 95 ml of ethanol (C,HsOH) solution
was used as an etchant.

Except the lack of penetration in the specimen
welded with W-5 run, no weld defects were
observed in the macro image of any specimen. It
was evaluated that this defect was not caused by
the selection of the welding parameter but caused
by the axial misalignment in the weld groove.

The complete penetration in the macro images of
other specimens welded with parameters similar to
W-5 also supports this inference. However, in the
continuation of the study, the welding parameters
of W-5 were verified by additional tests. The
parameters of W-5 run were chosen as the welding
parameters to be used with the S1 and S2Mo coded
runs.

Bursting & volumetric expansion and pressure
fatigue tests were performed for these specimens in
accordance with TS EN 14140 (Figure 3). Since
these tests should be performed for the whole body
of LPG cylinder, three specimens were welded
with same parameters. In order to analyze the
effect of consumable selection on mechanical
properties, tensile tests per EN 1SO 4136 and
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hardness test per TS EN ISO 9015-2 were carried
out [18-19].

Figure 3. a) Bursting & volumetric expansion test
set-up, b) Pressure fatigue test set-up

3. RESULTS AND DISCUSSIONS

3.1. Visual Test,
Macroscopic Test

Radiographic Test,

As in the parameter optimization trial phase, visual
and radiographic inspections and macroscopic
examination tests were also performed initially.
Each specimen has passed these three tests
successfully. Thus, the welding parameters of W-5
trial run were verified at this stage. The macro
image and radiographic inspection of welded
cylinders with S1 and S2Mo consumables
(wire&flux) using W-5 parameters are shown in
Figure 4.

Figure 4. The macro
inspection

image and radiographic
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3.2. Bursting & Volumetric Expansion Test

Bursting & volumetric expansion tests were
performed according to TS EN 14140.
Accordingly, the cylinder was pressurized until it
burst. The difference between initial volume (V;)
and final volume (Vs) of the LPG cylinder was
proportioned to the initial volume, thus the
volumetric expansion ratio was calculated. Tested
cylinders are shown in Figure 5 and the test results
are shown in Table 6. As a result of bursting &
volumetric expansion tests, the bursting pressure
measured for each specimen was above 67.5 bar,
which meant that burst pressure requirement was
met in accordance with TS EN 14140. Volumetric
expansion values were calculated under 17% for
each specimen. However, according to TS EN
14140, it is possible to manufacture the cylinders
free from the volumetric expansion criteria by
equipping them with a pressure relief device (valve
with safety valve, etc.).

3.3. Pressure Fatigue Test

Pressure fatigue tests were performed according to
TS EN 14140. The cylinders were filled and
discharged with water and tested with repetitive
hydraulic pressures, where upper pressure is 30
bars and lower pressure is 3 bars. The cycle

Table 6. Bursting & volumetric expansion test results

frequency is 9 cycles/min. Test results are shown
in Table 7. As a result of the pressure fatigue tests,
all specimens met the criteria by resisting to a
minimum of 12.000 cycles in accordance with TS
EN 14140. After reaching 12.000 cycles these tests
were terminated. The reason why S1 specimen
shows higher cycle than S2Mo specimen is that S1
specimen’s test was performed overnight and it had
far exceeded 12.000 cycles already before the test
was stopped.

A _ _
Figure 5. Cylinders subjected to bursting &
volumetric expansion test

Specimen code Vi (Lt) VT (Lt) (VE-Vi)/(Vi) (%) Bursting pressure (bar)
S1 26 26.76 29 99.62
S2Mo 26.35 27.17 3.1 86.91
Table 7. Pressure fatigue test results
Cycle Pressure (bar)
Specimen code
Number Frequency (cycles/min.) Lower Upper
S1 16620 9 3 30
S2Mo 12200 9 3 30
514 C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022
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Figure 6. Hardness results

3.4. Hardness Test

Hardness values for two wire-flux combinations
are given in Figure 6. Base metal’s hardness value
is 313+12 HV,,. Significant drops in hardness in
HAZs of S1 and S2Mo specimens compared with
the base metal take attention. HAZ hardness values
for S1 and S2Mo specimens were measured as
229+24 HVq, and 220+9 HV,,, respectively. Weld
metal hardness obtained with S2Mo wire was 31%
higher than the one obtained with S1 wire. Weld
metal hardness measurements for S1 specimen
show close results with its HAZ. Although there is
a tendency for hardness decrease in weld metal and
HAZs, cylinders welded with two wire-flux
combinations fulfill the necessities of standards in
bursting & volumetric expansion tests as well as
pressure fatigue tests. The increase of Mo content
creates grain-refined weld metal microstructure
with impressively improved toughness. Significant
amounts of Mo (*0.1 wt%) provides excellent
properties in weld metals of alloy steels. In
addition, the effect of Mo on the microstructure

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

and thus the hardening takes place in conventional
steels [20, 21]. In a previous study, besides the
effect of Mo, hardness values decreased with
increasing heat input. Also, high heat input
negatively affected the toughness values [22]. The
most important reason why the hardness values of
the S2Mo weld metals are partially lower than the
base metal is the high heat input provided by the
selected welding method. Despite the decreasing of
hardness in weld metal and HAZ, the damages
occurred in the base metals in the bursting &
volumetric expansion and pressure fatigue tests.

3.5. Tensile Test

Transverse tensile tests were performed in
accordance with TS EN ISO 4136. As a result of
the tensile tests, it was observed that base metals
fractured. All of the tensile strength (R,,) values
were higher than the minimum tensile strength
value of S460MC steel, which is between
520-720 N/mm? according to EN 10149-2. The
average tensile strength value of S2Mo
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combination was 744.5 N/mm?, and the average of
S1 combination was 684.5 N/mm?. S2Mo welding
wire contains 0.35% Mo. The main purpose of
adding molybdenum into the weld metal is to
improve the weld strength [5, 23]. In this direction,
the strength improving effect of molybdenum was
confirmed by tensile and hardness tests.

Figure 7. Tensile test specimens. S1 specimen
(left), S2Mo specimen (right)

4. CONCLUSIONS

This study examined the effect of different filler
metal and flux combinations on mechanical
properties of submerged arc welded S460MC steel.
According to the results above, the following
conclusions can be drawn:

- Both filler metal combinations have
successfully completed the bursting &
volumetric expansion and pressure fatigue
tests in line with the requirements of the
relevant standards.

- Due to the Mo content of S 46 3 AB
S2Mo wire, hardness and tensile strength
values were higher than the LPG cylinder
welded with S 42 A AR S1 wire. Since
Molybdenum is a strong carbide forming
element, carbide segregation at grain
boundaries  increases  hardness. In
addition, enhancement in tensile strength
is due to solid solution strengthening

mechanism [23]. The softening in the
HAZ regions is almost similar due to the
same heat inputs for either combination.

- If the working conditions are evaluated
for strength, S1 denoted filler wire and
flux combination (S 42 A AR S1 wire and
S A AR 1 flux) can also be used safely.
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Abstract

Lightweight structures are one of the most studied topics today. Many metal machine elements can be
produced from lightweight polymer materials with 3D printer technology. In this study a novel
manufacturing method is proposed for the polymer bolts and the effects of the printing directions on the
tensile and shear strength are investigated experimentally. Firstly the bolt shafts are produced FDM
method by using 3D printer for different print orientations and the final diameters of the bolt shafts are
determined by the turning process. A special apparatus is designed and manufacture for threader tool. The
screw pitches are opened by using this special apparatus with threader tool. After the manufacturing
process, the performance of the produced tensile and shear test samples are defined by using tensile and
shear tests. A special tensile test apparatus is also developed in this study. It is seen that the printing
orientation has great effects on the tensile and shear durability of the bolts. It has been determined that the
strength of the bolts produced with a production angle of 0° is the highest, and the strength of the bolts
produced with 45° is the lowest.

Anahtar Kelimeler: Additive manufacturing, Fused deposition modelling (FDM), 3D printing, Tensile
and shear strength, Polymer bolts

Polimer Civatalar icin Yeni Bir Uretim Yontemi ve Farkh Bask: Yénlerinin
Polimer Civatalarin Cekme ve Kesme Dayanimi Uzerine Etkisi

Oz

Hafif yapilar gliniimiizde en c¢ok ¢alisilan konulardan birisi olarak karsimiza c¢ikmaktadir. Metalden
iiretilen bircok makine eleman1 3D yazici teknolojisi ile hafif polimer malzemelerden iiretilebilmektedir.

“Corresponding Author (Sorumlu yazar): Oguz DOGAN, oguzdogan@ksu.edu.tr
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A Novel Production Method of Polymer Bolts and the Effects of the Printing Orientation on Tensile and Shear
Strength of the 3D Printed Bolts

Bu ¢aligmada, polimer civatalar igin yeni bir {iretim yontemi 6nerilmis ve baski yoniiniin ¢ekme ve kesme
mukavemeti iizerine olan etkileri deneysel olarak incelenmistir. Oncelikle civata saftlar1 farkli baski
yonleri igin eriyik yigin modelleme (EYM) yontemiyle {iiretilmistir, ardindan saftlarin son c¢aplari
tornalama islemi ile belirlenmistir. Dig agmada kullanilacak olan pafta i¢in 6zel bir aparat tasarlanmig
{iretilmistir. Crvata disleri bu 6zel aparat kullanilarak pafta ile acilmistir. Imalat siirecinden sonra, iiretilen
cekme ve kesme test numunelerinin performanslari ¢cekme ve kesme testleri ile belirlenmistir. Cekme ve
kesme testleri i¢in ayrica 6zel aparat tasarimlari da gergeklestirilmistir. Gergeklestirilen ¢ekme ve kesme
testleri sonucunda baski yoniiniin civatalarin ¢ekme ve kesme dayanimlari iizerinde oldukca etkili oldugu
goriilmektedir. 0° liretim ag1st ile {retilen civatalarin dayaniminin en yiiksek, 45° ile iiretilen civatalarin
dayaniminin ise en diisiik oldugu belirlenmistir.

Keywords: Eklemeli imalat, Eriyik yigin modelleme (EYM), 3D yazdirma, Cekme ve kesme dayanimi,

Polimer civatalar

1. INTRODUCTION

Screws and bolts are one of the most important
joining elements in the industry. They make
important contributions to the increase of the
construction mass. Today, the creation of
lightweight structures is at the top of engineering
studies. In order to lighten the structures, it is
possible to use polymer bolts instead of metal bolts
with in the 3D printer technology. The 3D
production technique is a method based on the
production of the part to be produced as a single
piece, in layers. In this production technique, the
raw material is heated and fluidized and passed
through a nozzle, allowing the part to be produced
in layers. Ngo et al. [1] lists the advantages of
additive manufacturing as freedom of design,
customization, waste minimization, and the ability
to produce complex structures in comprehensive
review studies, Popescu et al. [2] comprehensively
summarized the effects of FDM production
parameters on the mechanical properties of
polymer test specimens. It is emphasized that the
most decisive mechanical properties for materials
produced by additive manufacturing are tensile,
compression, bending and impact strengths.

The effects of different production parameters such
as extrusion temperature, table temperature, nozzle
diameter, and infill density, pattern and build
orientation, on the tensile strength are examined
the most in the literature. Geng et al. [3]
investigate effects of printing parameters on the
mechanical properties of polyphenylene sulfide
(PPS). The tensile and bending strengths of PPS
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samples can be improved by increasing the melt
extrusion parameters. Nevertheless, the impact
strength is restricted by excess melt extrusion.
Rodriguez et al. [4] conduct bending and fatigue
test to define the influence of six different
production parameters on the mechanical
properties of the polylactic acid (PLA). As a result
of the study, the layer orientation is founded as the
most influential parameter on the mechanical
properties of the 3D printer PLA test specimens.
Moreover the fatigue behaviors of the 3D printed
samples are discussed in the study. Lee et al. [5]
investigated the effects of processing parameters
on the mechanical properties of fused deposition
modelling (FDM)-printed carbon fiber-filled
polylactide (CFR-PLA) composites by employing
an orthogonal array model. The tensile and impact
strengths of the composites are evaluated. Bed
temperature is defined the most influential
parameter. On the other hand, the bed temperature
and the print orientation are the key parameters for
the impact strength.

There are few studies in the literature, about the
3D printed bolts and screws. Generally the 3D
printed bolts are used in the biomedical fields and
aerospace applications due to the lightweight
advantages. Nguyen et al. [6] developed a 3D
printed screw-and-nut based droplet generator. The
two components of the droplet generator are
fabricated by a 3D printer and assembled simply
by a bolt-and-nut combination. Thanks to the novel
production method, the proposed 3D printed
droplet generator is defined as rapid, simple and
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cost — effective to be fabricated without need of
lithographic processes. Dhandapani et al. [7] used
3D printed screws for the biomedical applications.
They produce biodegradable porous orthopaedic
screw. The porous screws showed significantly
increased vascularization in a rat subcutaneous
implantation as compared to control screws. Feng
et al. [8] produced bolts by using 3D printing
technology and characterized these bolts based on
digital image  correlation and infrared
thermography. According to the test results, the die
steel bolts are more durable than the 3D printed
prototype bolts also the 3D printed bolts have a
high bearing capacity. Some researchers are
designed and 1SO standard bolts and nuts via 3D
printer by using PLA and ABS materials. They
investigated the shear strength of the 3D printers
both numerically [9] and experimentally [10]. It is
seen that PLA is more durable than the ABS
according to the shear strength.

Printing orientation is one of the most significant
production parameter which is effected the
mechanical properties of 3D printed products.
There are a number of studies in the literature
about the effects of printing orientation on the
mechanical properties of the test samples. Tensile,
compressive and bending strength are the one of
the most important properties for 3D printed
samples. Yesil et al. [11] investigated the effects of
printing parameters on the bending strength of the
3D printed PLA beams. Three point bending tests
are conducted. The filling orientation, 0°-90°,
provides better distribution of stress throughout the
length of beam and hence, obtaining higher stress
and modulus parameters. Keles et al. [12]
investigated the effects of build orientation on the
mechanical reliability of the 3D printed ABS
material. Three different build orientations XY,
C+45 and XZ are used in the study. It is found that
the XZ orientation has the highest strength.
However the C+45 orientation has the lowest
strength. Markiz et al. [13] produced ten different
tensile test specimens (1-5 at 0° and 610 at 90°).
The tensile tests are conducted according to the
ASTM D638 standard. It is found that the build
orientation has great effect on the tensile strength
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of the ABS. 0° printing direction specimens are
approximately %44.7 stronger that the 90° printing
direction specimens. Another study is conducted
by Valean et al. [14] and the effects of
manufacturing parameters on tensile properties of
FDM  printed specimens is investigated
experimentally. The tree different spatial
orientation 0°-45°-90° is investigated. It is found
that the spatial orientation has fewer effects on the
young modulus however, has higher influence on
the tensile strength. The creep behaviors of PLA
and PLA composite material are searched by Tezel
et al. [15]. The effects of printing parameters such
as printing orientation and layer thickness are
investigated experimentally via creep test
apparatus. The creep resistance increase with the
increase in the layer thickness for PLA however,
decreases for PLA composite. Moreover first rate
creep characteristic is seen for the 90° printing
orientation. The effects of build orientation and
infill density are experimentally investigated by
Gonabadi et al. [16] with digital image correlation.
As a result of the study the build orientation and
infill density has significant effect on the
mechanical properties.

In this study, a novel manufacturing technique for
polymer bolts is presented and the effects of the
printing direction on the tensile and the shear
strength of the bolts are investigated
experimentally. The polymer bolts with different
printing orientation are produced via additive
manufacturing and turning process. A special
threader tool arm is designed and produced to open
screws properly. The produced tensile and shear
test specimens are experimentally test by using
tensile test machine. As a result of the study, the
proposed manufacturing method can be used to
obtain lightweight constructions in special
productions. The printing direction has great
effects on the tensile and shear strength of the
polymer bolts.

2. MATERIAL AND METHOD

The polymer bolts are produced by combining
additive manufacturing, turning and threading
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processes. Ultimaker brand PLA (Polylactic Acid)
filaments which has 2.85 mm diameter are used as
a material of the bolts. PLA can be economically
produced from the environmental-friendly
renewable sources and it has good mechanical
properties. Thus, the PLA is the most common
used polymer filament in 3D printing applications.
The tensile and shear specimens are produced with
Ultimaker 2+ Extended 3D printer. The printing
area is 230x230x305 mm and the resolution is
125 pm—12.5 um - 5 pm for the x — y — z axis
respectively. The test specimens are designed in
Solidworks software with 16.1 mm diameter and
200 mm length. The designed data are converted
stl file format and send to the Ultimaker Cura
software for the definition of the 3D
manufacturing parameters. The G — codes are also
created in Ultimaker Cura software. The

manufacturing parameters of the test specimens
defined in Ultimaker Cure are given in Table 1.
Printing orientation is changed as 0° — 45° — 90°.

The created G — codes and the manufactured test
samples is seen in Figure 1. The test samples are

90° ‘ l 45° |
el
Rl O
i

Altimaker
.

The screws on the shaft are opened using a
threader tool. At first a conventional threader tool
is used for the threading operation. However, it
was not possible to thread a 200 mm long shaft
using a conventional threader tool and tool arm. It
was determined that the teeth opened were
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Figure 1. G code view and produced bolt‘shafts

produced with the same G — codes and one by one
in the middle of the printing table in order to
produce the test samples as similar as possible.
Each specimen is produced three times for the
repeatable experiments.

After 3D printing process, the diameter of the bolt
shafts is decreased from the 16.1 mm to 16 mm by
using turning operation for removing the high
surface roughness caused by the 3D printing
process. The turning process is seen in Figure 2.

Table 1. Test samples manufacturing parameters

Parameter Value
Material Ultimaker PLA
Extrusion temperature | 210 °C
Table temperature 60 °C
Nozzle diameter 0.4 mm
Layer thickness 0.2 mm
Infill density 100 %
Printing speed 60 mm/s
Infill pattern Zig — Zag
00
u"""aker

different from each other. In addition, eccentricity
has occurred between the opened teeth. For this
reason, a new structure is needed to tolerate the
errors that occur in the traditional threader and
threader arm.
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Figure 2. Turning process for 3D printed bolt
shafts

In order to get rid of this problem, a new threader
arm design has been made. New threader guide

At the beginning of the study, the main goal was to
create the teeth directly on the 3D printer.
However, since a proper bolt and nut connection
could not be obtained with the 3D printer, the
methodology described above was developed. A
suitable tooth profile could not be obtained
because the tooth profiles produced with a 3D
printer deflect towards the direction of gravity. For

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

Figure 3. Design and produced novel threading tool

Osuz DOGAN, Muhammed Safa KAMER

and arm are designed in Solidworks software and
produced by using rapid prototyping via 3D
printers.

Thanks to the new guide, the possible eccentricity
is prevented by bearing the bolt shaft 30mm before
reaching the cutter and 30mm after exiting the
cutter. The developed unique thread guide system
allows the polymer chips that result during use to
fall completely through the guide. This design
prevents damage to the produced polymer threads
and the tool. The Solidworks design of the
manufactured unique threading tool, it’s assembled
and unassembled components and the usage status
during production of the threads are shown in
Figure 3.

y

this reason, the production method proposed in this
study for bolts that cannot be produced using a 3D
printer reveals the innovative aspect of the study.
In addition, the special apparatus designed for
threads that cannot be opened with a traditional
threading tool reveals another innovative aspect of
this study.
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Shear Test
Apparatus

JuA®

Tensile Test

Figure 4. Produced test apparatus and test samples

After the threading process the bolt is divided into
two pieces as shown in Figure 4 by using turning
machine cutter tool. The length of tensile test
samples are 150 mm and the shear test specimens
are 50 mm. Moreover two different test apparatus
are design and manufactured which is suitable for
the tensile test machine. Newly designed and
produced tensile and shear test apparatus is seen in
Figure 4. The tensile test length is determined as
100 mm by mounting 25 mm on the front and back
of the bolt pulling the apparatus.

The mass of the produced tensile and shear test
specimens are measured to determine the stability
of the production method. Mass measurements are
made with a KERN PLS 6200-2A (capacity:
6,200 g, accuracy: 0.01 g) precision balance. The
mass measurement results of the tensile and shear
test specimens are given in Table 2. It is seen that
the mass values are very close to each other when
the mass values of the samples are examined. For
this reason, it is seen that the bolts produced with
the proposed production method do not have
different properties from each other.

Experimental tests are operated according to
ASTM - D638 — 14 [17] which describe the
standard test method for tensile properties of
plastics. Since no standard is found on the shear
strength of polymer bolts in the literature search,
the same standard method is also used for shear
tests.
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Table 2. Test specimen masses

I_Drodu_ctlon Tensile Test | Shear Test
Orientation and . .
Sample Specimen Specimen
Number Mass (9) Mass (g)
0°-1 30.78 10.51
0°-2 30.50 10.34
0°-3 30.65 10.34
45°-1 29.21 9.97
45°-2 29.34 10.08
45°-3 29.57 10.21
90°-1 30.38 10.17
90° - 2 30,50 10,24
90° -3 30.29 10.15

Tensile and shear tests are carried out using
designed tensile and shear apparatus, with 100 kN
capacity Zwick/Roell Z100 tensile test device at
Imm/min speed. The experimental tests are
conducted at room temperature. Tensile tests are
continued until the specimen fracture. In shear
experiments, the tensile test device is set to stop
automatically when the measured force value falls
below 20% of the maximum force. In shear tests, it
is necessary to wait for a very long time for the
sample to break. In addition, since polymer
samples are used in the experiments, the samples
generally elongate in case of shear test, but rupture
is not observed.
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3. RESULTS AND DISCUSSIONS

The effects of printing orientation on the tensile
and shear strength of the bolts are investigated

Osuz DOGAN, Muhammed Safa KAMER

experimentally in this study. The tensile test
results depending on the printing orientation are
given in Figure 6. The tensile test results
depending on the printing orientation are given in
Figure 6. When the test results are examined, it is
seen that the repeated test results are very close to
each other. Thus, it has been determined that the
experiments carried out are consistent and
accurate. The maximum tensile strength is
determined for the samples with 0° printing
orientation. The tensile strength is approximately
same for 0°-45° printing orientation. Specimens
with 0°-45° printing orientation behaves as ductile
material. However, the samples with 90° printing
orientation behaves like brittle material.
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Figure 6. Tensile test results
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The shear test results depending on the printing
orientation are given in Figure 7. Similar to tensile
tests, maximum shear durability is seen for the
samples  with ~ 0°  printing  orientation,
approximately 5000 N. The shear durability for the
45°-90° printing orientation is nearly same around
4500 N. When the shear curves are investigated it
can be said that, there is long a linear region for the

0°-45° printing orientation samples. However, the
linear region is very limited for the samples with
90° printing orientation. As the layers start to
break one by one, the plastic zone is seen directly
and this situation causes the material to be
damaged quickly before it is sufficiently
elongated.
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Figure 7. Shear test results

Rod tensile test samples without threads are also
produced by using 3D printers in this study to
define the intensity factor of the threads. The rod
specimens are produced with the same length and
same G—codes with the produced bolts. The tensile
and shear tests are also conducted with the same
properties and the tensile and shear durability of
the rods according to the printing orientation is
gained. The tensile force—elongation and shear
force—elongation curves of the rod specimens is
given in Figure 8.

The maximum tensile durability is seen for the
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printing orientation of 0° at 8000 N and the
minimum tensile durability is seen for the 90°
printing orientation. According to the average
durability of the produced bolts the variation of
intensity factors are given in table 3. The
maximum intensity factor is seen for 45° printing
orientation and the minimum is seen for 90°.
Therefore, although the tensile strength of the rod
with a 45° printing orientation is greater than the
tensile strength of the rod with a 90° printing
orientation, lower tensile strength is observed in
the bolt experiments.
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Figure 8. Tensile and shear test results for rod samples

Table 3. The variation of intensity factors for the
tensile strengths

Printing Orientation Intensity Factor
0° 1.41
45° 1.52
90° 1.14

The rod samples are also subjected to shear tests.
The maximum shear durability is also seen for the
printing orientation of 0° at approximately 6100 N
and the minimum durability for the shear strength
is defined for 45° printing orientation at 4900 N.
The stress intensity factors of the shear tests for
different printing orientations are given in table 4.
Compared to the tensile tests, it was determined
that lower stress intensity factors occurred during
shear test. In addition, while the lowest strength
was observed in the 90° orientation in the tensile
tests, it was determined that the lowest strength
was for the 45° orientation in the shear tests.

Table 4. The variation of intensity factors for
shear strength

Printing Orientation Intensity Factor
0° 1.20
45° 1.04
90° 1.11

The fracture types and surface is seen for different
printing orientation is seen in Figure 9 for the
tensile test specimens. The specimens with 0°
printing orientation is elongated in the tensile
direction. Depending on the elongation, the fibers
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started to break in the tensile direction and the bolt
is damaged. The fracture surface makes 45° with
the normal axis for the 45° printing orientation.
The fibers are exposed to both tensile and shear
stress thus the lowest strength is achieved in this
case. There are no fibers in the tensile direction for
specimens with 90° printing orientation. Thus, the
fiber layers are directly broken. For this reason the
test samples behaves like brittle material with 90°
printing orientation.

=
45
o

(e}
{e]

90°

0° 45°

Figure 9. Tensile test samples fracture surfaces

The fracture types and surface is seen for different
printing orientation is seen in Figure 9 for the
tensile test specimens. The specimens with 0°
printing orientation is elongated in the tensile
direction. Depending on the elongation, the fibers

527



A Novel Production Method of Polymer Bolts and the Effects of the Printing Orientation on Tensile and Shear

Strength of the 3D Printed Bolts

started to break in the tensile direction and the bolt
is damaged. The fracture surface makes 45° with
the normal axis for the 45° printing orientation.
The fibers are exposed to both tensile and shear
stress thus the lowest strength is achieved in this
case. There are no fibers in the tensile direction for
specimens with 90° printing orientation. Thus, the
fiber layers are directly broken. For this reason the
test samples behaves like brittle material with 90°
printing orientation.

The fracture types and surface is seen for different
printing orientation is seen in Figure 10 for the
shear test specimens. The fracture surfaces for the
0° and 45° printing orientation behave similar. The
printed fibers are elongates however for the 90°
printing orientation layers are broken one by one.
Thus the fibers cannot elongate for 90° printing
orientation.

00

Figure 10. Shear test samples fracture surfaces

4. CONCLUSIONS

In this study a novel manufacturing method for the
polymer bolts is presented and the effects of the
printing orientation on the tensile and shear
strength on the polymer bolts are investigated
experimentally. The bolt shafts are produced with
the 3D printers with different printing orientation.
Then the diameter of the bolts is adjusted by using
turning process. A novel threading tool is designed
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and manufacture for the threading operation. The
threading process is done with novel produced
threading tool. Thanks to this novel tool, the
threads are opened perfectly on the polymer bolts.
The produced bolts are subjected to tensile and
shear test. Based on results of the experiments, the
following conclusions can be drawn,

» Maximum tensile and shear durability is seen for
the 0° printing orientation.

* The tensile and shear durability is approximately
same for the 45° - 90° printing orientation.

» The intensity factor is the lowest for the 90°
printing orientation. It can be said that, the threads
nearly not affected the durability of the bolts for
90° printing orientation. The layers break before
the bolt threads carry the load.

» The test samples behave like ductile material for
the 0° and 45° printing orientation, on the other
hand, the test specimens behave as brittle material
for 90° printing orientation. Therefore; the fibers
elongate for 0° and 45° printing orientation.
However, layers are broken for the 90° printing
orientation.

* The best printing orientation is defined as 0° for
the production of the bolts.

The production method proposed from this study is
suitable for small number of production, low
loading conditions and bolt applications where
lightness is at the forefront for polymer bolts.
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Oz

Kalipgilik sektdriinde talaslh imalat en yaygin kullanilan yontemlerden birisi olup maliyeti dnemli él¢ude
etkilemektedir. Ozellikle istenilen yiizey pirizltlugi/kalitesini distik maliyetle minimum isleme
zamamnda elde etmek temel amagtir. Yizey kalitesi: kesme hizi, ilerleme, talas derinligi, titresim,
sogutma sivisi, kullanilan Kkesici ug 6zellikleri/geometrisi gibi bircok parametreye bagl olarak
degismektedir. Bu ¢alismada, sicak is takim celiginin farkli parametrelerde tornalanmasi sonucu yiizey
puruzlilagl incelenmistir. Ayni zamanda, elde edilen deneysel verilerden regresyon, yapay sinir aglar ve
bulanik mantik tahmin modelleri olusturulmustur. Bu sayede farkli parametrelerdeki yizey purizlilik
degerleri elde edilmistir. Deneysel sonuglarla model sonuglar karsilastirildiginda, yaklasik %5 hata ile en
yakin tahmin Sugeno bulanik mantik modeli ile elde edilmistir.

Anahtar Kelimeler: Yapay sinir aglari, Sugeno, Anfis, Regresyon, Yizey puruzluligi
Investigation of Different Methods for Estimating Surface Roughness

Abstract

Machining is one of the most widely used manufacturing processes in the mold industry and which
affects the manufacturing cost significantly. Particularly, the desired surface roughness/quality at a low
cost at minimum machining time is the ultimate target. Surface quality depends on many parameters such
as cutting speed, feed, depth of cut, vibration, coolant, insert properties/geometry used. In this study,
surface roughnesses after turning of hot work tool steel at different parameters are investigated. At the

“Sorumlu yazar (Corresponding author): Siileyman KILIC, suleymankilic@gmail.com
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same time, regression, artificial neural network, and fuzzy logic prediction models are developed from the
experimental data. Therefore, surface roughness values at the different parameters are determined. The
closest estimate with approximately 5% error is obtained by the Sugeno fuzzy logic model when it

compared to experimental results.

Keywords: Artificial neural networks, Sugeno, Anfis, Regression, Surface roughness

1. GIRIS

Imalatta, yizey purizlalugi/kalitesi  oldukca
onemli  bir parametredir. Kullamlan imalat
yéntemine  gbre ylzey kalitesi  farklilik

gostermektedir. Parcanin kullamim yerine gore
yuzey purazliluk degeri belirlenmekte ve ylzeye
uygun imalat yontemi secilmektedir. Ornegin
frezeleme islemiyle 0,4 ile 25 um (N5-N11, R,)
ylzey puruzlulik degerleri elde edilebilirken,
taglama yontemiyle 0,012 ile 6,3 um (N1-N9, R,)
yuzey purazlaluk degerleri elde edilebilmektedir
[1]. Yilzey parazlaligl; ug yarigap:, kesme hizi,
ilerleme, talas derinligi gibi bircok parametreye
gore degismekte ve bu parametrelerin etkileri
incelenmektedir [2-4].

Regresyon, degisken sayisina bakilmaksizin,
degiskenlerin arasindaki iliskiyi 6lgmek igin
kullanilan  bir analiz  yontemidir. Regresyon

yontemi, diger bilim dallarinda oldugu gibi yuzey
parizltligh tahmininde de  kullamlmaktadir.
Gokce [5], 1050-H14 aluminyum alagiminin
matkapla delme isleminde yizey puruzluligu gibi
parametreleri  deneysel olarak incelemis ve
regresyon modellerini olusturmustur. Regresyon
analizi sonucunda yiizey purizluligu tzerinde
etken parametreleri  belirlemistir. Gurbiz ve
arkadaslar1 [6], kriyojenik 1s1l islem uygulanmis
kesici takimlar ile AISI1050 celiginin tornalamasi
isleminde  ylzey purozliligind ve kesme
kuvvetinin  analizini  yapmiglardir.  Deneysel
verilerde regresyon modelleri olugturmuglar ve
yaklagik %99 oraninda dogru sonuclar elde
etmislerdir. Celik ve arkadaslart [7], AISI 2507
stper dubleks paslanmaz celiginde tornalama

isleminde  ylzey Kkalitesini  incelemislerdir.
Incelemis  olduklari  parametrelerden  yizey
parizlaligiine en etkin parametrenin ilerleme

oldugunu tespit etmislerdir. Regresyon modelinde
ise lineer ve kuadratik yontemler karsilastirilmgtir.
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Kuadritik regresyon modeli ile daha yiksek
dogrulukta sonuglar elde edilmistir.

Yapay sinir aglari (YSA) imalat sanayinde yuzey
puruzliligl, kuvvet, geri esneme vb. alanlarda
kullanilmaktadir. Kili¢ [8], 7075 aluminyum
alasgiminda geri esnemenin tahmininde regresyon
ve YSA modelleri ile geri esnemeyi tahmin etmeye
calisgmistir. ~ YSA  modellerinin  regresyon
modellerinden daha basarili sonuglar verdigini
g6stermistir. Erdemir ve Ozkan [9], tirnakh
birlestirmede sitkma/cozme kuvvetlerinin
hesaplamasinda YSA modeli olusturmuslardir.
Malzeme cinsi ve tirnakli baglantinin u¢ agist
verilerek baglanti elemanlarinda sikma/cézme
kuvvetini hesaplayan bir program gelistirmislerdir.
Geligtirdikleri programin, %99 oraninda dogru
tahmin yaptigi belirtilmigtir. Cakiroglu ve Uzun
[10], frezeleme isleminde yluzey purazliligi ve
kesme kuvvetini yapay sinir aglari yontemiyle
modellemistir. Olusturduklari YSA yontemiyle,
bileske kuvvet ve yizey purizlaliglnd basarili bir
sekilde elde etmiglerdir. Akkus [11], AISI 1040
celiginde ylzey purdzlalugt tahmininde farkh
modeller (regresyon, Taguchi, YSA, bulank
mantik) kullanmistir. Girdi parametreleri olarak;
kesme hizi, ilerleme, talas derinligi parametrelerini
kullanmistir. Yizey puruzlulugine etki eden en
6nemli parametrenin ilerleme oldugu belirtilmistir.
En yakin tahmin, bulanik mantik modeli ile elde
edilmistir.

Bulanik mantik yontemleri, klasik yontemlerden
farkli olarak ihtimalden bahsetmekte ve Klasik
mantik yontemlerinin dogru sonug¢ vermedigi
bircok alanda yiksek dogrulukta sonuglar
vermektedir.  Ornegin  egitim  sektoriinde
Ogrencilerin verdigi cevaplara gore yeteneklerin
belirlenmesi  [12], seralardaki iklimlendirme
calismalarinda [13], fan kontrol sistemlerinde [14],
hibrit  yenilebilir enerji sistemlerinde enerji
yonetiminde [15], robot ellerinin hassas kavrama
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yapabilmesinde [16], hisse senedi yatirim getirisi
tahmininde [17], talagh imalat yonteminde yiizey
puruzliliglh tahmininde [18], glinlik buharlagma
miktarinin - tahmininde [19], basing dayanimi
tahmininde [20], EDM ydnteminde parametrelerin
ylzey purdzliligine wve elektrot asinmasina
etkisinde [21], hidrodinamik darbe yiiklemesinin
malzemelere etkisinin tahmin edilmesi [22] gibi
calismalarda yiksek dogrulukta sonuglar verdigi
gorilmektedir. Sugeno modelinde modelin tahmin
kabiliyetinin artirilmas: icinde calismalar devam
etmektedir [23]. Dilipak ve arkadaslari [24], yiizey
frezeleme isleminde yuzey purazliliginin tahmin
edilmesinde yapay zeka yontemlerini ve regresyon
analizini incelemislerdir. Caligmalarinda 1.2738
kalip celigi kullanilmigtir. Parametre olarak kesme
hizi ve ilerleme kullanilmistir. Sugeno (Anfis)
modeli %100 dogruluk verirken, regresyon modeli
ile %71 dogruluk elde etmislerdir. Velmurugan ve
arkadaslar1 [25], anfis yontemi kullanarak EDM
parametrelerinin yizey partzltligtndeki etkilerini
aragtirmiglardir. Anfis modelinin ylizey
puruzliligindeki hata oraninin %21,67 oldugu
sOylenmistir. Kumar ve arkadaglar1 [26], anfis ve
genetik algoritma yontemlerini kullanarak termal
delme iglemindeki parametrelerin  ylzey
parizltliglne etkisini incelemiglerdir. Deneysel
ve tahminlerin arasinda yuksek derecede yakinlik
oldugu gorualmustdr.

Bu calisama kapsaminda kesici ug yarigapi, kesme
ilerleme, talas derinligi

hizi, parametrelerinin

a)

yuzey pirdzltligine etkisi deneysel olarak
incelenmigtir. Elde edilen deneysel verilerle
regresyon, yapay sinir aglari ve Sugeno bulanik
mantik modelleri kullamlarak yiuzey puarizlalugi
degerleri tahmin edilmeye ¢alisilmstr.

2. MALZEME VE YONTEM

Calismada DIN 1.2344 (AISI  H13- ISO
X40CrMoV5) sicak is takim celigi kullanimastir.
Bu celik, ekstrizyon takimlari,, enjeksiyon

kaliplari, ddvme takimlarinin imalatinda kullanilan
ve talashh imalat ile son haline getirilen bir
malzemedir. Talash imalat islemlerinden dolay:
yuzey puruzluligi onem arz etmektedir. Yizey
parizlaligl: imalat  yontemlerinden  dolays
ylizeyde meydana gelen dizensizliklere
denilmekte ve R;, R;, Ry Sembolleriyle ifade
edilmektedir.  Ortalama  ylzey  purizlilogi
degerine (aritmetik ortalama) R,, Ornekleme
bolgesindeki en yiiksek bes tepe ve c¢ukurun
farkinin ortalamasi R, en yiksek tepe ile en disiuk
cukurun arasindaki mesafe ise R, oOlarak
adlandiriimaktadir.

Bu calismada CNC tezgdhinda farkl kesme hizi,
kesme derinligi, ilerleme miktarlarinda farkli ug
yancapina (4 ve 8 mm) sahip kesici takimlar
kullanilarak yuzey islenmistir. Yizey purazIluligu
Olcuminde Mahr MarSurf PS10 yizey plrizlulok
6l¢lim cihazi kullamlmstir (Sekil 1).

W 19.02.2022 09:59 (1
|
I

Lt =1.5mm (0.25x5)
"

Sekil 1. Calismada kullanilan a) CNC tezgéh, b) yizey piruzlilugi dlgim cihazi, c) farkh ug yan(;ap_)-ma

sahip kesici uclar
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Yizey puorazlilogh ile kesici ug yarigapr ve
ilerleme arasinda (1) numarali denklemde verilen
iliski bulunmaktadir. Her ne kadar bu iliskiye gore
ilerleme ve Kkesici u¢ yarigapina gore ylzey
parGzlaliglh belirlenebilse de diger etken
parametrelerden (tezgadhin durumu, is parcasinin

baglanmasi, titresim vb.) dolayr sapmalar
olusmaktadir.
f 2
R, =— 1
=g )

Esitlik 1’de r: kesici u¢ yaricapt (mm), f: ilerleme
(mm/dev) ifade etmektedir.

Deneysel olarak elde edilen yiizey purizluligi
degerleri Cizelge 1’de verilmistir. Bu verilerden
regresyon analizi, yapay sinir aglari ve Sugeno
bulanik mantik yontemi kullanilarak  ylzey

parazlalagi tahminleri yapilmis ve
karsilastiriimastir.
Regresyon analizi, dogrusal olabilecegi gibi

dogrusal olmayan sekilde de yapilabilmektedir. Bu
calismada, dogrusal regresyon yontemi
kullanilarak 4 parametreye bagh olarak ortalama
yuzey purizlulugi (R,) tahmin denklemleri elde
edilmistir. Benzer sekilde dogrusal olmayan bir
yuzey puruzluligu tahmin denklemi elde edilmis
ve sonuclar  karsilastinlmistir.  Regresyon
analizinde sadece R, yilzey puruzluligu degeri
tahmin edilmeye calisilmstr.

YSA modelinde ise R,;, R,Ve Ry, degerleri
tahmin edilmeye calisilmisgtir. Bunun igin farklh
egitim/test veri oranlari, farkli néron sayilart ve
katmanlarin tahmin Uzerindeki etkisi
aragtirillmigtir. Olusturulan YSA modeli 4 girisli
(kesici ug¢ yaricapi, kesme hizi, ilerleme, talas
derinligi) ve 3 cikish (R, R, Ve Ryqx)’dir.
Sekil 2°de sematik tek katmanli YSA modeli
verilmistir.

Klasik mantik sistemi “var ve yok” ile ilgilenirken,
bulanik mantik sistemi “olabilir” ihtimalini de
hesaba katmaktadir. Her bir veri, derecelerle ifade
edilmekte  ve  bulaniklastinlmaktadir.  Bu
derecelendirme isleminde cesitli fonksiyonlar
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kullaniimakta ve bunlarin iliskisi belirlenmektedir.
Bulamklastirma isleminde, eger ve ise sartlar ile
kurallar olusturulmaktadir. Bulaniklagtirma igin
farkli  dyelik  fonksiyonlari  bulunmaktadir.
Bunlardan bazilart  Sekil 3’de gbsterilmistir.
Bunlar deneme yanilma yéntemiyle
belirlenmektedir. Bulamk mantikta en yaygin
kullanilan  modeller Sugeno ve Mamdami
modelleridir. Sugeno modeli calisma yapisi ve
olusturulan Sugeno (anfis) yapist Sekil 4’te
gosterilmistir. ~ Sistem  giris, bulaniklastirma,
durulastirma, ¢ikti gibi katmanlardan olusmaktadir
[27,28].

Ara Katman Cikis
Parametresi

Girig N

Parametreleri

Kesici ug S
yangapr | €=

Sekil 2. Yiuzey porazliligl tahmininde tek

katmanl: YSA modeli

—— Triangular
—— Trapezoidal
— Gauss

Sekil 3. Bulanik mantik lyelik fonksiyonlari
Sugeno modelinde olusturan her bir kural, her giris

parametresi icin olusturulur ve ¢ikis degerleri bir
fonksiyon seklinde verilir. Durulastirma isleminde
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tim verilerin agirhikh ortalamas: yerine birkag veri f,=ax+by+c
noktalarimin  agirhikli  ortalamas:  kullanmasi

sebebiyle hesaplama acisindan daha verimli Wy
oldugu soylenmektedir [29]. Cikis fonksiyonunun — f =3>—=

ve durulastirma isleminin genellestirilmis formu 2 wi
ve 3 numarali denklemlerde verildigi sekildedir.

Esitlik 2 ve 3’te a, b, ¢ katsayilar, x ve y ise giris

degerlerini ifade etmektedir.

Az Orta Cok

Kurallarin
Degerlendirilmesi

Kurallar Cikis
Fonksiyonlari
Durulastirma
islemi
Girig
a) Paramtreleri Al
Girig Kurallar Cikis
Girig fonksiyonu fonksiyonu Cikis
Parametreleri Parametresi
£ £
7 R A
W KX
A K
KA KX
Y
o -
{(><) >~
B2
R K X /
\;Q‘;_;:,
Q£ o
-
.
N
D .,
A N
\a\\_#z;,
N K7
Se=c
b) | K

Sekil 4. a) Sugeno bulanik mantik calisma yapisi, b) Olusturulan Sugeno bulanik mantik modeli
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Cizelge 1. Deney parametreleri ve ylzey purtzIltligi degerleri

- ; Talag
Kesici ug Kesme hizi Tlerleme N
yarigapi (m/dak) (mm/dev) d(zrrr']rr]:)g' Rq (Hm) ke Rmar
4 150 0,2 0,3 0,678 3,857 4,104
4 150 0,2 0,6 0,727 4,121 4,284
4 150 0,2 09 0,752 3,976 4,29
4 150 0,25 0,3 0,901 4,88 5,071
4 150 0,25 0,6 0,935 4,846 5,197
4 150 0,25 0,9 0,967 5,166 5,501
4 150 0,3 0,3 1,12 5,43 5,959
4 150 0,3 0,6 1,144 5,399 5,906
4 150 0,3 0,9 1,165 5,768 6,215
4 200 0,2 0,3 0,942 4,025 4,455
4 200 0,2 0,6 1,004 4,396 4,632
4 200 0,2 09 1,034 4,446 4,682
4 200 0,25 0,3 1,133 5,268 5,626
4 200 0,25 0,6 1,152 5,396 5,496
4 200 0,25 0,9 1,164 5,61 5,802
4 200 0,3 0,3 1,135 5,584 6,498
4 200 0,3 0,6 1,201 5,88 6,194
4 200 0,3 09 1,179 5,948 6,733
8 150 0,2 0,3 1,021 4,285 4,476
8 150 0,2 0,6 0,796 3,648 3,94
8 150 0,2 0,9 0,848 3,921 4,265
8 150 0,25 0,3 1,055 4,632 4,721
8 150 0,25 0,6 1,138 5,326 7,306
8 150 0,25 0,9 1,012 4,817 5,477
8 150 0,3 0,3 1,153 6,083 6,616
8 150 0,3 0,6 1,113 5,32 5,812
8 150 0,3 0,9 1,231 5,813 6,639
8 200 0,2 0,3 0,992 4,281 4,561
8 200 0,2 0,6 0,997 4,157 4,365
8 200 0,2 0,9 1,07 4,495 4,694
8 200 0,25 0,3 1,171 4,836 5,232
8 200 0,25 0,6 1,151 4,754 5,322
8 200 0,25 0,9 1,164 5,273 5,642
8 200 0,3 0,3 1,166 5,18 5,647
8 200 0,3 0,6 1,257 5,389 6,222
8 200 0,3 0,9 1,271 5,881 6,958
3. BULGULAR VE TARTISMA hakkinda bilgi sahibi olmaktayiz. Regresyon
analizinde ¢ farkli wveri seti kullanilarak

Kesici u¢ yarigapi, kesme hizi, ilerleme hiz,
kesme derinligi parametreleri yizey puruzligini
etkileyen parametrelerdir. Bu parametrelerin
arasindaki iliskinin matematiksel olarak
modellenmesi  islemine  regresyon  analizi
denilmektedir. ~ Matematiksel —modelin  elde
edilmesiyle, elimizde olmayan deney
parametrelerinde olusabilecek yiizey purtzlulugi
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matematiksel denklemler elde edilmistir. Ik
modelde 30 egitim verisi 6 test verisi, ikinci
modelde ise 26 egitim verisi 10 test verisi, U¢unct
modelde ise 20 egitim verisi 16 test verisi rastgele
secilmistir (4 numarah esitlik). Dordiincti modelde
ise tum veriler kullanilarak Ustel bir matematiksel
denklem elde edilmistir (5 numaral: esitlik). Elde
edilen  matematiksel ~ modellerin ~ denklem
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katsayilart Cizelge 2’de verilmistir. Esitlik 4 ve
5te Ur: kesici u¢ yaricapi, Vc: kesme hizi, F:
ilerleme, D: talas derinligini ifade etmektedir.

Cizelge 2. Model katsayilari

Ry,; =a+U *a +V, *a, + F*a, + D*a, 4

R, =a+exp(B+U,*a, +V,*a, +F*a, +D*,)  (5)

Model No Parametre katsayilar R
a aq as as Ay B

1 -0,198 0,019 0,003 2,625 0,073 - 0,896

2 -0,345 0,014 0,003 2,733 0,138 - 0,928

3 -0,332 0,010 0,003 2,854 0,048 - 0,944

4 -4,30510 0,003250 0,000486 0,505864 0,010312 1,441229 0,904
ANOVA analiz sonuglarina gdre  yizey gergektir. Cunki, sonug olarak yapilan islem bir
parazlaligina etkileyen en 06nemli parametre  egri uydurma islemidir. Egitim veri sayisi arttikca

ilerleme miktaridir. Literatirdeki ¢alismalarda da
benzer sonuclar elde edilmistir [5,7,11,24].
Sekil 5°de 4 ve 5 numarali denklem tahminlerinin
deneysel sonuclarla karsilastirilmas: verilmistir.
Egitim veri sayisinin artmasiyla, korelasyon
katsayis1 (R) dismektedir ki bu da bilinen bir

egri uydurma islemi zorlasmaktadir. Korelasyon
katsayisinin 1’e yakin olmasi veriler arasindaki
uyumun yiiksek oldugunu ifade etmektedir. Ustel
matematiksel modelinde deneysel verilere yakin
sonuglar verdigi gérulmektedir.

2,0 2,0
o Deneysel (a) o Deneysel (b)
1,8 -—— Regresyon Tahmini (R=0,896) 1,8 -—— Regresyon Tahmini (R=0,928)
16 16
14+ 14+
o
12+ o 12 o o o
210}k o 210} 5 o °©
08| o 08
0,6 - 0,6
04| 04|
02 02|
0.0 ! ! ! ! ! ! 0,0 L ! ! ! ! ! ! ! ! !
1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 10
Test veri sayisi Test veri sayisi
2,0 2,0
o Deneysel (©] o Deneysel (d)
1.8 -—— Regresyon Tahmini (R=0,944) 1,8 l—— Regresyon Tahmini (R=0,904)
16+ 16+
14+
L ° 59
12 009  ©09% o 95 0edo
10 09 2
o]
0,8 o0 o
06 |
04| 04|
02| 02|
ool v v v e 0.0 ! ! ! ! ! ! !
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 5 10 15 20 25 30 35
Test veri sayIsi Test veri sayisi

Sekil 5. Regresyon modelinde test veri sayisina bagl olarak tahminler, a) 30 egitim, b) 26 egitim, c) 20

egitim, d) dogrusal olmayan (Ustel) regresyon
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YSA da ndron sayisina gore tahmin sonuclar
degismekte ve deneme yanilma yoluyla en uygun
néron sayis1 elde edilmektedir [8]. Ogrenme
algoritmasi olarak Levenberg-Marquardt, Bayesian
Regularization ve scaled conjugate gradient (SCG)
algoritmalar1  kullanilmaktadir. Bu c¢alismada,

noron ve katman sayisinin tahmin tzerindeki etkisi
verilmigtir. R, 0zerinde tek katmanda ndron
sayisinin artmasi tahmin dogrulugunu
digtrmekteyken, iki katmanda ndron sayisinin
artmasi tahmin dogrulugunu artirmaktadir. Bu
ylzden deneme yamlma yontemiyle katman ve

yapay sinir aglarinin egitiminde hiz ve Kkararlililk  ndéron  sayilarimin - en  uygun  degerlerinin
sagladig1 icin Levenberg-Marquardt algoritmas:  belirlenmesi gerekmektedir.
tercih edilmistir [30]. Hata oran1 1e-08, deneme
sayis1 1000 olarak belirlenmistir. Sekil 6’da farkh
2,0 9
Q Deneysel (a) Q Deneysel (b)
- - Regresyon 1 katman 10 Néron
1,8 1 katman 10 Néron 8 | —*— 1 katman 20 Néron
—e— 1 katman 20 Noron —4— 1 katman 30 Noron
4— 1 katman 30 No6ron —&— 2 katman 10-10 Néron
1,6 |—*—2katman 10-10 Néron * 2 katman 20-20 Noron
—+*— 2 katman 20-20 Néron 7F 2 katman 30-30 Néron
—=»— 2 katman 30-30 Néron
14+
6 -
Szt '
5 -
10
4+
0,8 -
06} 3r
014 1 1 1 1 1 1 2 1 1 1 1 1 1

1 2 3 4 5 6
Test veri sayis|

1 2 3 4 5 6
Test veri sayisi

10

Q Deneysel
1 katman 10 Néron
- —c— 1 katman 20 Néron
—— 1 katman 30 Noron
—o— 2 katman 10-10 Néron
8 | # 2katman 20-20 Néron
2 katman 30-30 Noron

©

2 1 1 1

R mak
5
/OX

©

1 2 3

Test veri sayisi

4 5 6

Sekil 6. Farkli néron ve katman sayisinin tahmin tzerindeki etkisi, a) R, b) R, €) Rk

Sekil 7°de 26 egitim, 10 test verisiyle YSA model
tahminleri verilmistir. Sonuclarin bazi1 degerler
haric  oldukca iyi oldugu  go6rilmektedir
(R?=0,9327). Bu calismada 20 néron en yakin
sonucu vermistir.
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Aynt zamanda bu c¢ahsmada bulanik mantik
modellerinden  Sugeno modeli  kullanilmustir.
Modelde 30 egitim, 6 test verisi rastgele secilerek
test edilmigtir.  Verilerin  bulaniklastiriimasi
isleminde farkli yontemler kullanilabilmekte olup

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



Mehmet Fatih DEM/RDOGEN, Siileyman KILIC, Fahrettin OZTURK

belirli bir yontem yoktur. Buradaki islem tamamen
tecrlibeye dayali bir sirectir. Bu galismada en
uygun sonuclar gauss2mf Uyelik fonksiyonu
kullamilarak  elde edilmistir.  Diger uyelik
fonksiyonlarinda hata oranlart gok ylksek
cikmistir.  Uyelik fonksiyonlariyla ilgili detayh
bilgi [26] numarali referansindan ulasilabilir.
Kesici ug yaricapi, kesme hizi ve talas derinliginde
3, ilerleme de 2 fonksiyonlu yap: kullanarak 54
kuralli bir mantik yapis1 olusturulmustur. Bazi
fonksiyonlarda 6grenme cok iyi gergeklesirken,
test sonuglart tahmininde hata orani ¢ok yiksek
¢cikmustir. Bu yiizden her bir fonksiyon tipinin ve
sayisimin denenmesi gerekmektedir. Sekil 8.’de
Sugeno  bulamik  mantik  model  sonuglar:
verilmigtir. Sugeno ve YSA modeli birbirine yakin
sonug vermistir.

2,0

O Deneysel
18 YSA (R?=0,9327)
1,6

1,4

12} /e/o\e/
. o/@\e/g
x 1.0 o

0,8 -

0,6 -

04

0,2 -

0,0 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11

Test veri sayisi
Sekil 7. 26 Egitim verisi ile YSA modelinin
tahmin sonuglar1 (R,)

2,0
O Deneysel
1.8 - sSugeno (R?=0,9643)
16 | YSA (R?*=0,9639)
Regresyon (R?=0,9042)
14
12+ ! ///@74@
Q:m 1,0 (5

08|
06 |
04|
02|
0,0 ) ) ) ) ) )

1 2 3 4 5 6

Test veri sayisi

Sekil 8. Sugeno bulanik mantik model sonucu
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Sekil 9’da 36 adet deneysel veri ile model
sonuglarinin karsilastiriimas: verilmistir. Deneysel
verilere en yakin tahmini Sugeno modelinin
yaptigi gériilmiistiir (R>=0,9492). YSA modelinde
noéron ve katman sayist 6nem arz ederken, Sugeno
modelinde Gyelik fonksiyonlar: ve kural sayisinin
olduk¢a Onemli oldugu gorulmistir. Her iki
modeldeki bu durum deneme yanilma yontemi ile
bulunmas: oldukca zahmetli bir islemdir.

1.6
O Deneysel

—— Regresyon (R?=0,8167)
1,4 —— YSA (R?=0,8915)

—— Sugeno (R?=0,9492)
1.2

o 1,0 F

08 |
0,6
0’4 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40
Test veri sayIs|

Sekil 9. Modellerin karsilastiriimas:
4. SONUC

Yuzey purozlulugi/kalitesi imalat endistrisi igin
onemli maliyet faktorlerindendir ve en uygun
parametrelerin belirlenmesi gerekmektedir. Bu
calismada, CNC torna tezgdhinda DIN 1.2344
sicak is takim celiginden farkli parametrelerde
talas kaldirarak yizey piruzluligu deneysel olarak
incelenmigtir. Elde edilen deneysel veriler ile farkl:
modeller olusturulmus ve parametrelerin ylizey
parizliligine etkisi incelenmistir. Elde edilen
sonuglara  gore  ilerleme  miktar1  ylzey
parizliliginu etkileyen en 06nemli parametre
oldugu tespit edilmistir. Regresyon modeli basit
sekilde yiizey purizlulugi hakkinda bilgiler
vermektedir. YSA modelinde, katman ve ndron
sayisinin - tahmin  Ozerinde etkisi buyik olup
deneme yamlma yontemiyle belirlenmesi bir
dezavantaj olusturmaktadir. Sugeno  bulanik
mantik yontemi, modeller icerisinde en yakin
ylzey purizltlogt degerini  tahmin  etmistir.
Sugeno modelinde de uyelik fonksiyonu ve kural
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sayisimn tahmin uzerinde oldukca etkili oldugu
gorilmastir. Sonug olarak Sugeno bulanik mantik
yontemiyle yizey pirizlulugi degerleri yaklasik
%5’lik bir hata orani belirlenmistir.
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Oz

Bu caligmada, aloe vera (Aloe barbadensis), aymisefa (Calendula officinalis), baldirikara (Adiantum
capillus-veneris Linn.) ve kudret nar1 (Momordica charantia) bitkileri gibi baz1 bitki kaynaklarinin farkli
¢ozgenler kullanilarak hazirlanan ekstrelerinin antimikrobiyal aktivitesinin arastirilmasi amaglanmustir.
Bu amagla, bitkilerin n-hegzan, etanol, metanol ve distile su i¢erisinde maserasyon yontemi ile ekstreleri
hazirlanmis ve hazirlanan ekstrelerinin, Staphylococcus aureus ve Escherichia coli bakterilerine karsi
antibakteriyel; Aspergillus niger mantarina karsi antifungal aktivitesi incelenmistir. Calisma sonuglari,
ekstraksiyonda kullanilan bitki kaynagmin ve ¢dzgen tiiriiniin ekstrelerin antimikrobiyal aktivitesi
iizerinde olduk¢a 6nemli oldugunu ortaya koymustur.

Anahtar Kelimeler: Antimikrobiyal aktivite, Bitki ekstresi, Aloe vera, Ayni sefa, Baldirikara, Kudret
nari
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Bazi Bitki Kaynaklarimin Farkli Cozgenlerde Hazirlanan Ekstrelerinin Antimikrobiyal Aktivitesinin Aragtiriimast

Investigation of Antimicrobial Activities of Extracts of Some Plant Sources
Prepared in Different Solvents

Abstract

In the present study, it was aimed to research the antimicrobial activities of prepared extracts of some
plant sources such as aloe vera (Aloe barbadensis), marigold (Calendula officinalis), maidenhair fern
(Adiantum capillus-veneris Linn.) and bitter melon (Momordica charantia) by using different solvents.
For this purpose, the extracts of the plants in the solvents as n-hegzan, ethanol, methanol and distilled
water were prepared via maceration process. Either antibacterial activies against Staphylococcus aureus
and Escherichia coli or antifungal activities against Aspergillus niger of the prepared extracts were
investigated. The results demonstrated that the plant sources and solvent types used in the extraction are

crucial on the antimicrobial activities of the extracts.

Key Words: Antimicrobial activity, Plant extract, Aloe vera, Marigold, Maidenhair fern, Bitter melon

1. GIRIS

Bitki kaynaklarmin biiyilk ¢ogunlugu saglik
agisindan olduk¢a Onemli olan fenolik ve
flavonoidler gibi ¢esitli fitokimyasallar igermeleri
nedeniyle [1], farkl iyilestirici 6zelliklere sahiptir
ve bu sebeple, ¢esitli hastaliklarin tedavisinde
kullanimima ydnelik uygulamalar, binlerce yil
oncesine dayanmaktadir [2]. Son yillarda, ekolojik
ve sirdiiriilebilir riinlere olan ilginin artmasi
sebebiyle, bitkilere ve bitkilerden hazirlanmis
iriinlere olan talep ylikselmistir. Bu sebeple, s6z
konusu bitkisel iiriinlerin sayist artmis ve bitkisel
kaynaklar 6zellikle bilimsel ve ticari olarak bir¢ok
alanda kullanilmaya baglanmisgtir [1-3].

Bitkilerin ikincil metabolizmasinda sentezlenen;
proteinler, karbonhidratlar, vitaminler, mineraller,

fenolikler, flavonoidler ve alkoloidler gibi
kimyasallar1 igceren fitokimyasallar, bitkilere
spesifik tat, koku, renk gibi birgok 06zellik

saglamaktadir [4,5]. S6z konusu fitokimyasallar,
bitki tiirlerine ve bitkinin ¢esitli kisimlarina gore
farklilik gostermektedir [4] ve yapilan arastirmalar,
bircok bitki kaynaginin; tanenler, alkoloidler,
fenolik bilesikler flavonidler gibi antimikrobiyal
aktivite saglayan bilesenler bakimindan zengin
oldugunu gostermistir  [5]. Farkli  bitkisel
kaynaklarda bu bilegenlerin  varliginin  ve
miktarlarmin  degisiklik gOstermesi nedeniyle
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mevcut ¢alismada, antimikrobiyal, iltihap dnleme,
yara iyilestirme, kanser dnleme, sedef, egzama gibi
cilt problemlerine iyi gelme gibi 6zelliklerden bir
veya birkagina sahip oldugu bilimsel olarak
kanitlanmig, aloe vera [6,7], aym sefa [8,9]
baldirikara [10-12] ve kudret nar1 [13-16] bitkileri
ile ¢aligilmistir.

Aloe vera, Asphodelaceae (Liliaceae) ailesine ait,
agagsi, uzun Omiirlii, etli, bezelye yesili renginde
bir bitkidir. Genel olarak Afrika, Avrupa ve
Amerika’nin  kuru Dbolgelerinde  yetigmektedir.
Tirkge ad1 “sarisabir veya 6dagaci” olup, ozellikle
yurdumuzun Gilineybatt Anadolu bdlgesinde
yetismektedir. Aloe vera potansiyel olarak 77 aktif
bilesik icerip, bunlar arasinda aminoasitler,
vitamin, enzim, mineral, seker, lignin, saponin ve
salisilik asit bulunmaktadir. Bu bilesikler
sayesinde Aloe vera, epitel hiicrelerin ¢gogalmasini
hizlandirmakta, bagisiklik sistemini diizenlemekte,
antibakteriyel, antifungal, antiviral ve antioksidan
ozellikler gostermektedir [6,7,17].

Her tiirli toprak ¢esidinde yetisebilen bitki
tirlerinden  birisi  olan  aynisefa  bitkisi,
papatyagiller (Asteraceae) ailesinden, bir yillik
otsu bitkidir ve iilkemizde pek ¢ok bolgede
yetismektedir. Tibbi bir bitki olarak bilinmekte;
yara ve yaniklarda, bocek 1siriklarinda, agrilarda,
nemlendirmede idrar soktiirticii olarak
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kullanilmaktadir. Yapisinda bulunan ugucu yaglar,

steroidler, tanninler terpenoidler, flavanoidler,
fenolik asitler, polisakkaritler, kaumarinler ve
karotenoidler [8] sayesinde antiseptik,

antibakteriyel, antikanserojen etki gostermektedir
[9,18,19].

Adiantaceae familyasina ait bir egrelti otu olan
baldirikara, geleneksel tipta birgok hastaligin
iyilestirilmesinde kullanilan bir bitkidir. Avrupa,
Asya, Kuzey Amerika, Avustralya’da ve
Tirkiye’de yaygin bir sekilde yetismektedir [20].

Bu bitki, soguk algmnligi, ates, Oksilirik ve
brongiyal = bozukluklarin  tedavisinde,  deri
hastaliklari, dalak, karaciger ve diger organ

tiimorleri icin, sarilik ve hepatit tedavisi ve diger
bir¢ok hastaliklarin tedavisinde kullanilmaktadir
[21]. Yapisinda bulunan flavonoidler,
hidroksisinnamik asitler, siilfat esterleri,
triterpenoidler, steroller sayesinde, antimikrobiyel,
antioksidan, antidiyabetik ozellikler
gostermektedir [10-12].

Cucurbitaceae familyasina ait tirmanict bir bitki
olan kudret nar1i, Asya’ya ozgii olup, Amazon,
Dogu Afrika, Karayipler ve Giiney Amerika’da
yayilis gostermektedir. Kolit, iilser, gastrit gibi
mide bagirsak sistemine bagli tiim hastaliklarin
tedavisinde, sedef ve egzamada, yara ve iltihap
gidermede, yamik ve yara tedavisinde, hiicre
yenileyici olarak, bagirsak tembelligini gidermede
kullanilmaktadir.  Bitki  yapisinda  bulunan
saponinler, polisakkaritler, proteinler, triterpenler,
alkaloitler, flavonoitler, kinin, aminoasitler, yag
asitleri ve eser elementler gibi yiizlerce kimyasal
bilesik sayesinde, antibakteriyel, antifungal, anti-

inflamatuar, antiviral, antiparazitik, antiseptik,
antikansorejen gibi Ozellikler gdstermektedir
[13,22,23].

Yapilan  arastirmalar, s6z  konusu  bitki

kaynaklarmin yapilarinda bulunan bilesenlerinin
her birini, farklt ¢dzgen sistemlerinde agiga
cikardigini gostermistir [14-16,24-28]. Bu sebeple
bu c¢alismada n-hegzan, etanol, metanol ve su
olmak iizere dort farkli ¢ozgen kullanilarak bitki
ekstreleri  hazirlanmigtir.  Hazirlanan  bitki

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022

ekstrelerinin  antibakteriyel ~ ve  antifungal

aktiviteleri arastirilarak, Dbitkiden ve ¢6zgen
tirlerinden kaynaklanan farklar ortaya
konulmustur.

2. MATERYAL VE METOT

2.1. Materyal

Calismada dogal bitki kaynaklar1 olarak; aloe vera
bitkisi (Aloe barbadensis), aym sefa bitkisi
(Calendula officinalis L.), baldirikara bitkisi
(Adiantum capillus-veneris L.) ve kudret nar1
meyvesi (Momordica charantia L.) kullanilmistir.
Baldirikara  bitkisi,  Birecik  baraj  goli
kenarlarindan toplanmus, ayni sefa bitkisi kuru
olarak (Aktarmarka), kudret nar1 meyvesi toz
olarak (Ipeknaturel) ve aloe vera bitkisi yas olarak
(Akdeniz aloe vera) temin edilmistir. Bitki
ekstrelerini hazirlamak i¢in n-hegzan (Teksol),
metanol (Teksol), etanol (Teksol) ve distile su
kullanilmastir.

Bitkileri 6glitmek igin hububat 6gitiicii (Lavion)
ve hazirlanan ekstreleri ¢ozelti haline getirmek i¢in
ultrasonik banyo (ISOLAB) kullanilmistir.

Antibakteriyel ve antifugal aktivite testlerinin
yapilmasi i¢in Staphylococcus aureus (ATCC
29213), Escherichia coli (ATCC 25922),
Aspergillus niger (ATCC 6275)
mikroorganizmalari, nutrient agar (NA, Merck),
potato dextrose agar (PDA, Merck), NaCl (Merck),
ampisilin, vancomisin, ketakonazol, steril disk,
steril petri kabi, biyogiivenlik kabini (Bilser, Class
II), otoklav (ALP) ve inkiibator (JSR)
kullanilmaistir.

2.2. Metot

Bitki ekstrelerinin hazirlanmasi igin, ilk olarak,
taze olarak toplanan bitki kaynaklari yikanmus,
kurutulmus ve hububat o&giitiiciide toz haline
gelene kadar ogitiilmistir. Kuru olarak alinan
bitki kaynaklar1 ise direkt toz haline getirilmistir.
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Ogiitiilen bitkiler, 1/20 oraminda bitki/cdzgen
karisimi olacak sekilde n-hegzan,, etanol, metanol
ve su igerisinde, karanlikta 24 saat masere
edilmistir. Siire sonunda ¢ézgenler, Whatman No:1
filtre kagidi ile filtre edilerek, ¢eker ocak icerisinde
oda sicakliginda ugmasi saglanmigtir. Maserasyon
islemi tim bitkiler ve c¢ozgenler icin ii¢ kez
tekrarlanmis ve elde edilen ekstreler kullanilacagi
zamana kadar buzdolabinda +4 °C sicaklikta
muhafaza edilmistir.

Calismada toplam 16 farkli bitki ekstresi
hazirlanmistir. Hazirlanan ekstrelere ait deney
plani Cizelge 1°de goriilmektedir.

Cizelge 1.Bitki  ekstrelerinin  hazirlanmasinda
kullanilan deney plani
Deney no Bitki Cozgen

1 Hegzan

2 Baldirikara Etanol

3 Metanol

4 Su

5 Hegzan

6 Etanol

Aynisefa

7 Metanol

8 Su

9 Hegzan

10 Etanol

Kudret nar1

11 Metanol

12 Su

13 Hegzan

14 Etanol

Aloe vera

15 Metanol

16 Su
Hazirlanan  bitki  ekstrelerini  ¢dzelti  haline
getirmek i¢in, ekstrelerden kendi ¢6zgenleri ile 20
mg/mL konsantrasyonunda cozeltiler
hazirlanmistir.  Cozelti  hazirlanirken  ekstreler
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cozgen icerisinde tamamen ¢Oziinene kadar
ultrasonik banyoda bekletilmistir. Hazirlanan
cozeltiler, antibakteriyel ve antifungal aktivite
testleri yapilmak tizere, steril disklere aktarilmis ve
diskler  kurutularak  ¢dzgenin  uzaklagmasi
saglanmistir. Kontrol amaciyla (negatif kontrol),
ekstreyi ¢6zmede kullanilan ¢ézgenler de disklere
aktarilmig ve kurumasi saglanmistir.

2.3. Arastirma Yontemleri
2.3.1. Antibakteriyel Aktivite Testi

Calismada hazirlanan bitki ekstrelerine, disk
diflizyon ydntemine goére antibakteriyel aktivite
testi yapilmisgtir. Antibakteriyel etkinlik
degerlendirilmesinde, gram pozitif bakteri susu
olarak Staphylococcus aureus ve gram-negatif
bakteri susu olarak Escherichia coli segilmistir.
Test ve kontrol ornekleri, 3 atm basing altinda
121 °C sicaklikta 1 saat siire ile sterilize edildikten
sonra, taze bakteri kultirinden 6ze ile alinan
mikroorganizmalar tuzlu su (%0,85) igerisine
aktarilarak, 0.5 Mc Farland (~1.5x10° Kob/mL)
yogunlugunda bakteri ¢06zeltisi hazirlanmistir.
Hazirlanan bakteri ¢ozeltisinden steril pamuklu
cubuk yardimiyla, nutrient agar besiyerine
siriilmiis ve 10 dakika beklendikten sonra iizerine
bitki ekstreleri aktarilmig diskler besiyerine
yerlestirilmistir. Ardindan petriler 37 °C’de 24 saat
inkiibe edilmis ve siire sonunda inhibisyon cap1
Olgiilmiistiir [29,30]. Pozitif kontrol amaciyla,
E.coli bakterisi i¢in ampicilin, S. aureus bakterisi
icin vancomisin antibiyotikleri aktarilan diskler de
petri kaplarina yerlestirilmistir. Calisma 3 tekrar
seklinde yapilmis ve sonuglarin ortalamasi
almmuigtir.

2.3.2. Antifungal Aktivite Testi

Calismada hazirlanan bitki ekstrelerinin antifungal
aktivitesi, Aspergillus niger mantar1 kullanilarak
disk difiizyon yontemi ile aragtirilmistir. Bu
yontemde besiyeri olarak PDA kullanilarak, iki
katl besiyeri hazirlanmigtir. Besiyeri katilagtiktan
sonra, kiifler igin onceden 10° kob/mL’ye
ayarlanan seyreltik mantar ¢ozeltisinden 0,1 mL
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aliarak drigalski spatiilii ile yayilmistir. Besiyeri
yilizeyinde emilmesi beklendikten sonra petrilerin
iizerine diskler yerlestirilmistir. Ornekler 25 °C’de
5 giin inkiibe edilip kuyucuklarin etrafinda olusan
zonlar gozlemlenerek antifungal etki belirlenmistir
[31]. Pozitif kontrol amaciyla, ketakonazol

antifungal ilaci da steril disklere aktarilmstir.
Calisma 3 tekrar seklinde gergeklestirilmistir.

3. ARASTIRMA BULGULARI

3.1. Bitki Ekstrelerinin Antibakteriyel Aktivite
Sonuglar:

Hazirlanan bitki ekstrelerinin S. aureus bakterisine
kars1 antibakteriyel aktivite sonuglar1 Sekil 1°de
goriilmektedir.

~ —
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Sekil 1. Bitki ekstrelerinin S. aureus bakterisine kars1 antibakteriyel aktivitesi
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Hazirlanan bitki ekstrelerinin E. coli bakterisine  Sekil 2°de goriilmektedir.
karst antibakteriyel aktivite sonuglar1

Metanol

. - Su
25 / A _ BN
Sekil 2. Bitki ekstrelerinin E.coli bakterisine kars antibakteriyel aktivitesi

Hazirlanan bitki ekstrelerinin olgiilen inhibisyon — Ayrica, test edilen numunenin bakterilere Karsi
caplari Cizelge 2’de verilmistir. olusturdugu koruma bolgesinin ¢ap1 arttikca

antibakteriyel etkinligin arttig1 anlasilmaktadir
Test edilen bir numunenin antibakteriyel 6zellife  [32]. Sekil 1, Sekil 2 ve Cizelge 2 incelendiginde,
sahip olabilmesi igin, altinda, dUstinde ve farkli bitki kaynaklarimn farkli  c¢ozgenler
cevresinde  bakteri olmamasi gerekmektedir.  icerisinde  hazirlanan  ekstrelerinin,  degisen
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miktarlarda antibakteriyel aktiviteye sahip oldugu
net bir sekilde goriilmektedir. Bunun yaninda,
hazirlanan ekstrelerin gram pozitif bir bakteri olan
S. aureus bakterisine kars1 daha yiiksek aktiviteye
sahip oldugunu sdylemek miimkiindiir. Baldirikara
ve aloe vera bitkilerinin etanol ve metanol
ekstreleri S. aureus bakterisine karsi antibakteriyel
aktivite gosterirken, sadece aloe vera bitkisinin
metanol ekstresinin E. coli bakterisine karsi
aktivitesi oldugu gdzlemlenmistir. Ayn1 sefa ve

kudret nar1 bitkilerinin etanol, metanol ve su ile
hazirlanan ekstreleri, S. aureus bakterisine karsi
inhibisyon etkisi goéstermis; E. coli bakterisine
kars1 sadece kudret nar1 bitkisinin metanol ekstresi
etki gostermistir. Genel olarak, bitki kaynaklarinin
hegzan ekstrelerinin test edilen iki bakteri susuna
kars1 herhangi bir engelleyici aktivitesinin
bulunmadigini ve metanol ekstrelerinin en yiiksek
aktiviteye sahip oldugunu séylemek miimkiindiir.

Cizelge 2. Bitki ekstrelerinin S. aureus ve E.coli bakterilerine karsi olugturdugu inhibisyon ¢ap1 (mm)

Deney No S. aurejghibisyon e () E.coli
1 - -
2 9,01 -
3 10,48 -
4 - -
5 - -
6 7,09 -
7 8,43 -
8 7,35 -
9 - -
10 7,97 -
11 11,01 7,47
12 9,01 -
13 - -
14 8,26 -
15 9,75 6,55
16 - -
Hegzan - -
Etanol - -
Metanol - -
Su - -
Antibiyotik 20,37 38,99
Ekilen bakteri sayis1 (kob/mL) 2,53*10° 1,15*10®
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Hazirlanan bitki ekstrelerinin antifungal aktivite
sonuglari Sekil 3’°te goriilmektedir.

e
.

Metanol

=

 Sekil3

Antibakteriyel aktiviteye benzer sekilde, test edilen
bir numunenin antifungal 6zellige sahip olabilmesi
i¢in, altinda, iistiinde ve ¢evresinde mantar tiremesi
olmamasi gerekmektedir. Ayrica, test edilen
numunenin mantarlara karst olusturdugu koruma
bolgesinin ¢apr arttikga antifungal etkinligin arttigi
anlagilmaktadir [32]. Sekil 3 incelendiginde, bitki
kaynaklarmin, farkli ¢dzgenlerde hazirlanan
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. Bitki ekstrelerinin

o

antifungal aktivitesi

ekstrelerinin ~ degisen seviyelerde antifungal
aktiviteye sahip oldugu goriilmektedir. Genel
olarak, bitki kaynaklarmin etanol ekstrelerinin
antifungal aktivite gostermedigi; aym sefa, aloe
vera ve kudret narinin su ekstrelerinin yiiksek
aktiviteye sahip oldugunu sdylemek muimkiindiir.
Bunun yaninda, aynisefa ve kudret nar bitkilerinin
metanol ekstrelerinin bir miktar antifungal etkiye
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sahip oldugu goriilmektedir. S6z konusu etkinin
diske aktarilan ekstre konsantrasyonun arttirilmasi
ile daha belirgin hale gelebilecegi
diisiiniilmektedir.

Antibakteriyel ve antifungal aktivite sonugclari
birlikte diigiiniildiigiinde, kudret nar1 meyvesinin
metanol ekstresinin en yiiksek antimikrobiyal
aktiviteye sahip oldugunu sdylemek miimkiin
olmaktadir.

4. SONUCLAR

Bu calismada, aloe vera, aynisefa, baldirkara ve
kudret nar1 olmak iizere dort farkli bitki
kaynagmin, n-hegzan, etanol, metanol ve
igerisinde ekstreleri hazirlanmis ve hazirlanan
ekstrelerin antimikrobiyal aktivitesi aragtirtlmistir.
Calisma sonugclari, her bir bitki kaynaginin farkli
bir ¢dzgen igerisinde hazirlanan ekstresinin farkli
antimikrobiyal aktivite sergiledigini gostermistir.
Genel olarak, bitki kaynaklarinin  metanol
ekstreleri daha yiiksek antibakteriyel aktivite
gosterirken; su ekstreleri daha belirgin antifungal
aktivite gostermistir. Bunun yaninda, en yiiksek
antimikrobiyal aktiviteye kudret nar1t meyvesinin
metanol ekstresinin sahip oldugunu sdylemek
miimkiindiir.

5. TESEKKUR

Bu ¢alisma TUBITAK 120M802 nolu projeden
alman destek ile tamamlanmis olup yazarlar
TUBITAK ’a tesekkiirii bir bor¢ bilmektedir.
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Abstract

CdSe films were electrochemically prepared on ITO electrode in aqueous solution applying a constant
potential. Structural, morphological and optical features of CdSe thin films were examined with FE-SEM,
XRD and UV-visible spectrophotometry techniques. XRD results revealed CdSe films were deposited, in
the form of cubic crystals from aqueous solution of Cd** and Se*', in presence of Na,SO, supporting
electrolyte. Band gap values of CdSe films were found between 1.88 and 2.0 eV. Wide band gap ZnO
was electrochemically deposited on narrow band gap CdSe to improve its optoelectronic properties. Band
gap value of CdSe/ZnO nanonorods was determined as 2.7 eV. Mott-Schottky equation was utilized to
calculate flat band potential (Erg), as well as charge carrier density (Np) of materials. Np values were
found as 1.623x10%° and 9.186x10% c¢m™ for CdSe and CdSe/ZnO, respectively. ZnO offers higher
stability and lower band gap is promising material to be utilized in solar cell applications.

Keywords: CdSe/ZnO, Semiconductor materials, Electrochemical deposition

CdSe ve CdSe/ZnO Filmlerin Elektrokimyasal Sentezi: Morfolojik, Yapisal ve
Elektronik Ozellikler

Oz

CdSe filmler ITO elektrot {izerinde sabit potansiyel uygulayarak sulu ¢ozeltide elektrokimyasal yolla
hazirlanmigtir. CdSe ince filmlerin yapisal, morfolojik ve optik 6zellikleri FE-SEM, XRD ve UV-gériiniir
spektrofotometri teknikleri ¢alisilmistir. XRD sonuglari, CdSe filmlerin Na,SO, destek elektroliti
varhginda Cd** ve Se*" igeren sulu g¢ozeltiden kiibik kristal formda biriktirildigi goriilmiistir. CdSe
filmlerin bant araligi degerleri 1,88 ve 2,0 eV araliginda bulunmustur. Genis bant araligina sahip ZnO dar
bant araligima sahip CdSe iizerine optoelektronik ozelliklerini gelistirmek igin elektrokimyasal yolla
biriktirilmistir. CdSe/ZnO nanogubuklarin bant araligi degeri 2,7 eV olarak belirlenmistir. Mott-Schottky
esitligi malzemelerin diiz bant potansiyelini (Egg) ve yiik tastyici yogunlugunu (Np) hesaplamak igin
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kullanilmustir. Np degerleri, CdSe ve CdSe/ZnO igin 1.623x10% ve 9.186x10%° cm™ olarak bulunmustur.
Dabha yiiksek kararlilik ve diisiik bant aralig1 saglayan ZnO, giines pili uygulamalarinda kullanilmak igin

umut verici bir malzemedir.

Anahtar Kelimeler: CdSe/ZnO, Yariiletken malzemeler, Elektrokimyasal biriktirme

1. INTRODUCTION

The ability to meet increasing energy request and
environmental concerns gradually increase the
interest in alternative energy production techniques
[1,2]. Hydrogen has much higher energy
conversion efficiency as a fuel than other
commonly utilized energy sources. Furthermore,
its environmentally friendly and sustainable
feature has also increased the interest in hydrogen-
based fuel cells. There are various methods for
hydrogen production using solar energy. Among
them, photo electrochemical splitting of water into
oxygen and hydrogen molecules is considered to
be the most promising and inexpensive method
[3,4]. While photo electrochemical cells provide a
low-cost, easy-to-apply, environmentally friendly
solution, there is still a need for further
improvement in efficiency/cost ratio. In photo
electrochemical cells, n or p-type semiconductor
materials that comprise significant physical and
optical properties are used as photo electrode.
Thus, good absorption ability, chemical stability
and low cost in the solar spectrum are the
anticipated properties of the semiconductor
materials [5]. Therefore, there is a great effort to
develop semiconductor materials used in
environmentally ~ friendly ~ fuel  production
applications by splitting of water using solar
energy. The improvements that can be made
increase the photo catalytic efficiency of the
semiconductor electrode materials [6]. Opto-
electronic property of semiconductors, which is
directly dependent on its morphological and
crystallographic properties, is extremely important
for the device applications. Besides, it is well
known that the synthesis parameters and method
have a direct influence on morphological and opto-
electronic features of semiconductor materials [7].
Semiconductors have wide band gap; such as ZnO,
TiO, and SnO, or narrow band gap
semiconductors like CdSe, CdTe, and CuO are the
most utilized materials for this purpose [8].
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I1-VI group semiconductor materials have been
utilized for a long time owing to their various
application areas; for instance electronic, light
emitting/detecting devices and photovoltaic solar
cells [9]. Among them, CdSe is a significant
material for electronic devices and photo
electrochemical solar cells. Energy band gap for
CdSe, an n-type semiconductor, is around 1.74 eV
[10]. CdSe is used in thin film transistors, photo
electrochemical solar cells, photo conductors and
y-ray detectors because of its high photo sensitivity
in visible area. CdSe are also preferred due to their
properties such as high efficiency radiation
recombination and absorption coefficient, direct
band transition and quantum size effect. The size
dependent property of CdSe nanostructures has a
significant effect on band gap energy. This
situation greatly affects physical properties of the
material that are important for potential
applications [11,12]. CdSe has two different
crystal structures, including cubic and hexagonal
[12,13]. Moreover, the photo response of a narrow
band gap semiconductor lengthens more into range
of visible wavelength than a wide band gap
semiconductor.  However, due to rapid
recombination rate of photo  generated
electron/nole (e/h*) pairs, a narrow band gap
semiconductor offers lower photo catalytic
efficiency [14]. There is requirement to enhance
optical and electronic behavior of a narrow band
gap semiconductor for different applications.
Therefore, many efforts have been applied to
improve their opto-electronic properties. One of
them is combination of a narrow band gap
semiconductor and a wide band gap semiconductor
[15]. This provides more effective charge
separation and higher transport rate of e/h™ pairs
[16].

Among 11-VI oxide semiconductor compounds,

ZnO is the most used material with hexagonal
wurtzite structure, as well as wide band gap value
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(3.37 eV) [17]. ZnO nanostructures have attracted
much interest by researchers due to its remarkable
electrical, optical and mechanical characteristics
[18]. For this reason, it has been frequently
pronounced as strong candidate for various
purposes like light emitting diodes, dye-sensitized
solar cells, gas sensor and photo-catalysts [19-22].
Moreover, the feasibility of ZnO is strictly affected
by its morphological and crystallographic
properties for these applications [23]. 1D metal
oxide semiconductors (like nanofiber, nanotube
and nanorod) have been extensively used. Rod-like
ZnO nanostructures offer straight pathway for
transportation of photo generated electrons that
recombination rate decreases through the bulk
material [24].

In present study, CdSe films were deposited on
ITO electrode via electrochemical technique at
different deposition time, in aqueous solution. First
of all, the optimal electro synthesis parameters
were determined by using CV technique. Rod-like
ZnO was deposited electrochemically on CdSe to
enhance its opto-electronic properties. Np values
were found as 1.623x10%° and 9.186x10% cm™ for
CdSe and CdSe/zZnO, respectively with help of
Mott-Schottky equation.

2. MATERIALS AND METHOD

2.1. Materials

Indium tin oxide (ITO) electrode (8-12 Q cm?)
was used. Moreover, cadmium sulphate 8/3

hydrate (CdS0,.8/3H,0), selenium dioxide
(Se0,), potassium chloride (KCI), zinc nitrate tetra
hydrate  (Zn(NOs),.4H,0), sodium sulphate

(Na;SO,4), sodium hydroxide (NaOH), ethanol
(C,Hs0OH), sulphuric acid (H,SO,4) materials were
utilized without purification.

2.2. Electrochemical Deposition of CdSe Thin
Films

Electrochemical deposition of CdSe nanomaterials
was done in three-electrode system at 80+2 °C in
water bath. ITO electrodes were utilized as
working electrode for electrochemical deposition
of CdSe. Reference electrode and counter

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022
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electrode were Ag/AgCI (3 M KCI) and platinum
sheet, respectively. Firstly, ITO electrodes were
ultrasonically cleared by using sodium hydroxide
solution, ethanol and distilled water for 5 minutes,
respectively. Cycling voltammetry (CV) technique
was carried out at 10 mV s™ scan rate for 1TO
electrode in different deposition solutions. The
deposition solution was a consisted of 0.01 M
CdSO,4 + 0.001 M SeO; + 0.1 M Na,SO,. pH value
of solutions was arranged to 2.5 by diluted H,SO,
solution. The deposition of CdSe nanostructures
was done at -0.70 V constant potential employing
diverse deposition times between 3 and 20
minutes. After electrochemical deposition process,
CdSe nanomaterials were cleaned by distilled
water and finally dried at room temperature.

2.3. Electrochemical ZnO
Nanorods on CdSe

Deposition  of

Electrochemical synthesis of ZnO nanomaterials
was applied in  three-electrode  system.
Temperature of deposition solutions was held at
70+2 °C by using water bath. For electrochemical
deposition of ZnO nanostructures, 1TO/CdSe
electrode where CdSe thin film was deposited at 3
minutes deposition time was the working
electrode. In addition, Ag/AgCIl (3 M KCI) was
used as reference electrode and platinum sheet was
the counter electrode. Deposition solution was
comprised 0.01 M Zn(NOs), and 0.1 M KCI.
Electrosynthesis of ZnO was employed at current
value of -0.30 mA cm™ for 30 minutes deposition
time. After electrochemical deposition process,
CdSe/ZnO nanomaterials were cleaned with
distilled water and finally dried under room
temperature.

2.4. Characterization of CdSe and CdSe/ZnO
Nanorods

The surface morphology of CdSe materials was
examined via field emission scanning electron
microscopy (FE-SEM, Zeiss, Supra 55). Elemental
composition of CdSe nanomaterials was
determined with FE-SEM equipped by energy
dispersive X-ray spectroscopy (EDX). Besides, X-
ray diffraction (XRD, Rigaku, SmartLab) was used
to study crystallographic features of CdSe
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nanostructures.  The optical  behavior  of
semiconductor nanomaterials was investigated via
UV-visible Spectrophotometer (Perkin Elmer,
Lambda 25).

2.5. Electrochemical Measurements

Mott-Schottky measurement was utilized by
electrochemical impedance spectroscopy method.
For this technique, 5 mV amplitude was the
applied at 1000 Hz frequency in 0.1 M Na,SO,4
solution.

3. RESULTS AND DISCUSSION
3.1. The CV Results of ITO

The CV technique was realized to determine the
appropriate  electrochemical — parameters  for
synthesis of CdSe on ITO electrode surface. The
CV measurement was obtained from 0.0 to -1.0 V
in 0.1 M Na,SO, (pH= 2.5) at 10 mV s™ scan rate,
given in Figure 1a. While significant change was
not observed in the current over a wide potential
range, a slight increase in current started from
around -0.6 V. This situation is associated with the
reduction reactions of hydrogen ions and
In,04/SnO, species. However, the ITO electrode
appears to be electrochemically stable in wide
potential range in this solution.

The CV obtained in 0.01 M CdSO, and 0.1 M
Na,SO, (pH= 2.5) was given in Figure 1b. There
was not any noticeable current change indicating
to Faradaic process, in a wide potential range.
Once electrode potential arrived at -0.70 V, during
scan, reduction of Cd®* ions gave raise cathodic
current increase. Moreover, the oxidation of
freshly reduced metallic Cd was observed as
anodic current increase, during the backward scan,
again starting at -0.70 V. The relevant equations
for reversible equilibrium of Cd*"/Cd are given as
below [25]:

Cdiyo* 2e <> Cdg) @
E=-0,403+0,0295 log (Cd*") )
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From equation 2, theoretically, the reversible
electrode potential value is calculated as -0.68 V,
for Cd**/Cd equilibrium. It is apparent that there is
quite small overvoltage for the onset of this
electrochemical reaction.

The CV studies were also realized in presence of
0.001 M SeO, with 0.1 M Na,SO, (pH= 2.5), in
Figure 1c, at which Na,SO, was again the
supporting electrolyte. The reduction of Se** could
start at around -0.40 V, however further reduction
steps could also take place beyond -0.70 V. The
observed first cathodic peak is related to reduction
of Se** to Se’, between the potentials -0.40 V and -
0.70 V. The further reduction process is explained
with equation 5. During the backward scan, the
anodic peak appeared at around -0.30 V, which
corresponds to oxidation of species on the surface.
These species are the product of reduction
reactions occurred at the previous forward scan
[26].

H,Se05,+ 4 Hyg+ 4 € < Sely 3,04 (3)
E=0,741-0,059 pH+0,0148 log (H,Se05) @)
Sefugt 2 Hiag ™ 2 € < HaSeqq) (5)
E=-0,399-0,059 pH-0,0295 log (H,Se) (6)

In Figure 2a, the CV result of the ITO electrode
obtained in 0.01 M CdSQ,, 0.001 M SeO, and 0.1
M Na,SO, (pH= 2.5) solution was presented. In
this case, the reduction of Se** started at around -
0.40 V, and then the reduction of the cadmium
ions started and changed the pattern, as well as the
current values. Moreover, at backward scan, the
anodic peak indicated much higher anodic current
(charge) with respect to solely Se*" including
electrolyte solution. This was an evidence for the
onset of reduction reactions for Se** and Cd*
consecutively, on ITO surface. For the rest of
backward scan, anodic oxidation of Se®” species to
Se® was observed at around -0.20 V and an extra
oxidation peak at around +0.80 V. The later anodic
peak is attributed to oxidation of Se° type to Se**
ion [27]. In solution containing both Cd** and Se**,
it was apparent that reduction/oxidation products
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alter the 1TO surface, thus the electrode/solution
interface. This was due to experimental conditions,
at which a whole scan is employed in a wide
potential range and various types of species (CdSe,
metallic Cd, Se°, Se”, etc.). The adsorbed species
on the surface may create some kind of poisoning
effect and/or extra overvoltage, rescheduling the
electrochemical reactions.
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Figure 1. CV result of ITO obtained in 0.1 M

Na,SQ, solution (a), 0.1 M Na,SO, +

0.01 M CdSO, solution (b) and 0.1 M

Na,SO, + 0.001 M SeO, solution (c)

with 10 mV/s scan rate
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3.2. Electrochemical Deposition of CdSe on ITO

From evaluation of voltammetry results, it was
determined that -0.70 V was chosen as the most
appropriate potential value for deposition of CdSe
compound on ITO surface, since this value is the
limit for avoiding bulk deposition of metallic Cd
and suitable for production of sufficient Se at the
interface, offering precise control for deposition of
freshly produced Se* and Cd*" on the surface.
Figure 2b shows the chronoamperogram recorded
during CdSe deposition in 0.01 M CdSQOy,, 0.001 M
Se0; and 0.1 M Na,SO, (pH=2.5) solution, under -
0.70 V. Within the first 40 seconds, the nucleation
of CdSe nanoparticles happened on the surface of
electrode, thus current density values changed
remarkably. Afterwards, almost a constant current
value was observed, which indicated to consistent
deposition process took place on the surface,
homogeneously.
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Figure 2. CV result of ITO obtained in 0.01 M
CdSO, + 0.001 M Se0O, + 0.1 M
Na,SO, solution with 10 mV/s scan rate
(@) and the chronoamperometry plot
during the deposition of CdSe
nanostructures at -0.70 V (b)
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3.3. Surface Morphology of CdSe Thin Films

FE-SEM images of CdSe nanomaterials obtained
at increased deposition times on ITO electrode
surface were given in Figure 3. The well-defined
and homogenous CdSe nanoparticles with compact
form were obtained as clearly seen from FE-SEM
images. On the other hand, surface morphology of
CdsSe films prepared at 3, 5 and 10 minutes were
almost similar appearance. Moreover, the number
and size of CdSe nanoparticles increased with
increasing deposition time. When FE-SEM images
of CdSe nanostructures obtained at 15 and 20
minutes deposition period were examined, it was
seen that the general morphology did not change
significantly, but the particle size increased
gradually. Particularly, the particle sizes of CdSe
nanoparticles synthesized at 20 minutes deposition
period were quite large and distinct. Furthermore,
the EDX analysis results of the CdSe nanoparticles
prepared in different deposition period were
summarized in Table 1. CdSe thin films were
electrochemically synthesized almost in the ratio
of 1:1 (by atomic %), apart from film deposited at
20 minutes in Table 1. This situation is attributed
to higher amount of the selenium ions existing at
ITO/solution interface, rather than cadmium ions
which should be transported from bulk solution.

Table 1. The elemental ratio of Cd and Se in

CdSe  nanostructures at  different
deposition times
Deposition time Cd:Se
(minute) (atomic ratio %)
3 51.22:48.78
5 52.87:47.13
10 50.60:49.40
15 52.86:47.14
20 40.39:59.61
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Figure 3. FESEM images of CdSe nanostructures
obtained at different deposition times; 3
(@), 5 (b), 10 (c), 15 (d) and 20 minutes
(®)
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3.4. Structural Analysis of CdSe Thin Films

XRD analysis was employed to examine the
crystallographic properties of electrochemically
prepared CdSe films. XRD patterns were given in
Figure 4. This result showed that CdSe was
obtained in cubic crystal structure. Furthermore,
major characteristic peaks were observed at ~25
and ~42° values, for (111) and (220) planes of
CdSe, respectively. The achieved results were
consistent with literature (PDF card no: 19-0191)
[28]. Intensities of observed two peaks were very
close to each other for samples prepared with 3
and 5 minutes deposition periods. On the other
hand, intensity of the (111) plane peak increased
significantly with increasing deposition time. This
situation showed that CdSe nanoparticles prepared
at 15 and 20 minutes deposition times developed
along the dominant (111) plane. As a result, XRD
results depicted that CdSe nanomaterials were
deposited in the form of cubic crystals.

The crystallite size (D) values of the obtained
nanomaterials were calculated as described by
Scherrer (Equation 7) [29]. A and k are the X-ray
wavelength (1.54 A) and a constant (0.9),
respectively. 6 and B are Bragg diffraction angle
and full width at half maximum of material.

ki
pcosé

()

The values of lattice constant (a=b=c), as well as
unit cell volume (V) were calculated with the
equations 8 and 9 [30]. (hkl) is the Miller indices
of lattice constant and d is interplanar spacing of
atomic planes.

Gokmen SIGIRCIK, Tun¢ TUKEN

1 h?+k*+I?
R ®
hkl

V=al 9)

From evaluation of data summarized in Table 2, it
was proved that electrochemically deposited CdSe
films have the expected crystal properties from
regular CdSe cubic crystals. It was also noticed
that the lattice constant values decreased with
increasing deposition time and approached the
standard value. The determined lattice parameters
are consistent with the standard values. The
crystallite size values of CdSe nanostructures were
calculated in a range of around 4.5 and 6.5 nm.
These findings were evidence for deposition of
CdSe nanomaterials on ITO surface, by means of -
0.70 V (vs. Ag/AgCI) constant potential value,
from aqueous solution of Cd* and Se*, in
presence of Na,SO, supporting electrolyte.

Intensity (arb. units)
(2] o o
*
*
*
(
*
*

20 25 30 35 40 45 50 55 60
20 (degree)
Figure 4. XRD patterns of CdSe nanostructures
obtained at different deposition times; 3
(@), 5 (b), 10 (c), 15 (d) and 20 minutes
(e) (*: ITO peaks)

Table 2. Structural parameters of CdSe nanostructures obtained from XRD results

- -
Deposition time (minute) @ 11)2 0 ¢ )(220) Lattice paazrzrceters (4) V (A% | Average D values (nm)
3 25.31 | 41.77 6.0899 225.86 5.4296
5 25.33 | 4221 6.0864 225.47 4.5186
10 25.34 | 41.93 6.0862 225.44 6.1886
15 25.31 | 41.67 6.0913 226.01 4.6746
20 25.43 | 41.99 6.0718 223.85 6.5275
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3.5. Optical Properties of CdSe Thin Films

The band gap energy (Eg) value is the critical
parameter for semiconductor materials, in aspect
of light harvesting efficiency. For this purpose, the
E, values were calculated with help of Tauc
equation, plotting (ahv)? versus hv [31].

ahv=A(hv-E,)’ (10)

In this equation, n and A are direct band transition
(n=%) and constant, while plot is extrapolated. The
value of n=Y% was used since CdSe are direct band
gap type semiconductor [32], and the results were
given in Figure 5 for electrochemically prepared
CdSe films on ITO surface. It was noted that as the
deposition time increases, the band gap value
decreased gradually. The band gap value of CdSe
nanoparticles obtained at 3 and 20 minutes

deposition periods decreased from 2.0 to 1.88 eV,
respectively.

Band gap energy values of electrochemically
prepared CdSe nanomaterials were found to be
slightly higher, with respect to previously reported
values for bulk CdSe (1.74 eV) [33]. This situation
was attributed to quantum size effect phenomena
[34], since we have proved that electrochemically
produced CdSe nanoparticles have a diameter less
than 10 nm (Table 2). Moreover, as obviously seen
band gap energy values of CdSe thin films
synthesized at 3 and 5 minutes deposition times
were not significantly different and this difference
decreased considerably with increasing deposition
time. Generally, decrease in particle size results in
increasing band gap energy of the material, which
is known as “blue shift”. Thus, absorption at lower
wavelengths in the absorption spectrum is
observed [11].

(ahv)’ (cm?eV?)

12 14 16 18

20 22 24 26 28 3.0

ho (eV)
Figure 5. Tauc plots of CdSe nanostructures obtained at different deposition times

3.6. Electrochemical ZnO

Nanorods on CdSe

Deposition  of

CdSe coated ITO samples were prepared with
employing -0.70 V (vs. Ag/AgCl) constant

562

potential value for 3 min deposition time, as
described above. Then, the nanorod structured
ZnO thin film was deposited galvanostatically, on
ITO/CdSe surface. The chronopotentiogram
obtained during ZnO synthesis was given in Figure
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6a, where the solution composition was 0.01 M
Zn(NO3), and 0.1 M KClI, as well as current value
was -0.3 mA cm? During the synthesis, the
potential value remains constant at about -1.1 V
(vs. Ag/AgQCI) that demonstrates deposition of
ZnO particles, consistently.

Mechanism of ZnO deposition is summarized with
the reactions given in equations 11-13, in aqueous
Zn(NOs,), solution [7]. In the first stage, reduction
of NO;3™ anions yields OH™ anions at interface of
electrode/solution. Afterward, the produced OH"
anions get together with Zn*" cations at once, thus
the production of Zn(OH), takes place on the
surface, that is hydroxylation process. Finally,
Zn(OH), gives the ZnO under the temperature,
namely dehydration process.

NO;,, + H,0,, + 2 — NO,, +2OH , (11)

3(aq)
2+ -
Zn (aq)+20H () Zn(OH)Z(S) (12)
Zn(OH)Z(S) — Zn0, + H,0, (13)
3.7. Surface  Morphology of CdSe/ZznO
Nanorods
FE-SEM images were represented for ZnO

nanostructures deposited on ITO/CdSe surface, in
Figure 6b. It was proven that the deposited ZnO
layer was comprised of rod-shaped particles, with
various diameters. The formation of a dense
structure on the surface is related to applied current
value for 30 min deposition time. The polar crystal
structure of ZnO consists of terminated positively
Zn?* (0001), as well as terminated negatively O
(0001) polar planes. Thus, there is a net dipole
moment throughout c-axis. Growth of ZnO
oriented (0001) polar plane will be faster due to
higher surface energy of (0001) polar surface than
the other non-polar surfaces. Moreover, coulombic
interaction between negatively charged ions and
positive (0001) polar plane gives preferential
growth for ZnO alongside c-axis [35,36]. Besides,
the growth position of every nanostructure will
affect the alignment of newly growing others in the
neighborhood.
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Figure 6. The chronopotentiogram plot during the
deposition of ZnO nanostructures on
ITO/CdSe (a) and FE-SEM images of

CdSe/znO  nanorods at  different
magnitudes (b)
3.8. Structural  Property of CdSe/ZnO

Nanorods

XRD pattern of CdSe/ZnO material was given in
Figure 7a. XRD outcomes revealed ZnO nanorods
are hexagonal wurtzite structure. The characteristic
diffraction peaks detected at 20= 31.96°, 34.39°
36.45° 47.48° and 56.75° were connected to (100),
(002), (101), (102) and (110) crystal surface of
hexagonal wurtzite ZnO, respectively. This result
is consistent with literature (PDF card no: 36-
1451) [37].

563



Electrochemical Synthesis of CdSe and CdSe/ZnO Films: Morphological, Structural and Electronic Properties

Furthermore, diffraction peaks were obtained
related to (111) and (220) crystalline surface of
CdSe in CdSe/ZnO material. Furthermore, due to
the thicker ZnO nanorods on the surface of
ITO/CdSe, the peaks of ZnO hexagonal wurtzite
crystal structure were more dominant. Besides, the
density of peak related to (002) plane of ZnO
nanostructures was stronger than the others,
indicating that favored growing of ZnO nanorods
were alongside the c-axis.

The volume of unit cell and lattice constant (a and

(c and a=b) of hexagonal rod-like ZnO were
determined as 5.2376 A and 3.2301 A,
respectively. The obtained values are consistent
with standard values (c= 5.2066 A and a= 3.2498
A). The values of V and average D were also
calculated as 4732 A® and 20.7254 nm,
respectively for ZnO in CdSe/ZnO heterostructure.

—_ +— 14
IR S oo

1 4(h*+hk+k?) I
= e

c) were determined for ZnO by the following V =0.866a%c (15)
equations [38], where d is interplanar spacing of
atomic planes. Also, (hkl) is the Miller indices of
lattice constant. Moreover, lattice parameters
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Figure 7. XRD pattern of CdSe/ZnO nanorods (a) and absorbance (b) and Tauc plots of CdSe/ZnO

nanorods (c)
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3.9. Optical Property of CdSe/ZnO Nanorods

The optical behavior of CdSe/ZnO bilayer film
was examined with help UV-visible studies.
Absorbance spectrum of heterostructure material
was given in Figure 7b. Furthermore, Tauc
equation was utilized for determination of the band
gap energy value, which was 2.7 eV (Figure 7c).
The presence of ZnO particles on the top increased
the band gap value with respect to single CdSe
layer (2.0 eV). Absorption ability of narrow band
gap semiconductors increases towards visible
region compared to wide band gap
semiconductors.  Nevertheless, semiconductors
with narrow band gap display lower photo
catalytic efficiency because of rapid recombination
rate of photo generated e/h” pairs [14]. In that
context, prepared CdSe/ZnO material is said to
have effective absorption capability in visible area
of solar spectra. In the literature, similar results
were given for various heterostructures [14,16].
The band gap value of the electrochemically
prepared ZnO/CdS material was determined as
2.25 eV, which was 3.25 eV for solely ZnO [39].
As a conclusion, this kind of bilayer structures
offer high catalytic efficiency with decreased band
gap value and high stability.

3.10. The Electronic Parameters of CdSe and
CdSe/ZnO Nanorods

Mott-Schottky ~ analysis  offers  significant
information regarding the electronic features of
semiconductor material. For n type semiconductor,
Mott-Schottky equation is given as below [40],
where ¢ and &, are relative permittivity of ZnO and
CdSe (e= 10 and 10.2). C is interfacial capacitance
(F cm™) while vacuum permittivity is 8.854x1072
F m™, respectively. Erg and Np, are the values of
flat band potential and charge carrier density,
respectively. Furthermore, e is elementary electric
charge (1.602x10™ C) and E is applied potential
(V).

1 2 KT
= E_E_ )L
C? eeg,Ng [( ) e }

(16)
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Mott-Schottky graphs for CdSe and CdSe/ZnO
materials were given in Figure 8. Np values were
calculated from slope of linear section As Mott-
Schottky plots exhibit positive slope for CdSe and
CdSe/ZnO, they are both n type semiconductors as
given in Figure 8. Erg values were determined with
extrapolating in straight line to intersect x-axis.
The depletion layer becomes positively charged
while potential of semiconductor/solution interface
shifts to positive potentials. Therefore, hole
density increases at the surface, this provides
inductive influence on solution side that produces
charge deposition at interfacial area. Consequently,
corresponding capacitance value and the slope of
Mott-Schottky plot are due to change, as a function
of potential.
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Figure 8. Mott-Schottky plots for
CdSe/ZnO materials

CdSe and

Np values were found to be 1.623x10% and
9.186x10°° cm® for CdSe and CdSe/ZnO,
respectively. Also, Erg values were found to be -
0.981 V and -0.834 V for CdSe and CdSe/ZnO,
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respectively. Egg values of CdSe/ZnO electrode
shifted to more positive values, with respect to
CdsSe. This situation is related to Erg value of ZnO
which is much more positive than CdSe [41].
Besides, more negative values of Erg for n type
semiconductor is related to effective charge
transfer process, namely lower recombination rate
for electron/hole pairs [42]. Therefore, mobility of
charge carriers at interface of semiconductor/
solution was improved. Np value of bilayered
CdSe/ZnO nanostructure is almost ten times higher
than CdSe. As a result, increasing the charge
carrier density has a significant effect on higher
photo catalytic performance of the material.

4. CONCLUSIONS

From cyclic voltammetry studies, it was shown
that CdSe thin films could be deposited, under -
0.70 V (vs. Ag/AgCI) constant potential condition
from aqueous solution of Cd** and Se*, in
presence of Na,SO, supporting electrolyte. The
deposition time was important for the morphology,
optical and electronic properties. FE-SEM results
depicted that similar size (less than 10 nm) and
shape CdSe particles are formed homogenously on
the surface, and the particle size increases with
increasing deposition time. EDX results revealed
that the deposited films have almost the atomic
ratio of 1:1 (Cd:Se), except 20 minutes deposition
result. This was related to higher amount of
selenium  ions  existing at the ITO
electrode/solution interface, rather than cadmium
ions which should be transported from bulk
solution. XRD patterns represented that CdSe
nanostructures were crystallized in cubic crystal
structure. It was seen that from E; values
determined from Tauc plot were close to each
other. The Eq values were in the range of 1.88 and
2.0 eV for CdSe thin films. Furthermore, ZnO
nanorods were electrodeposited successfully on
CdSe nanoparticles. The band gap value of
CdSe/ZnO nanonorods was calculated as 2.7 eV.
Flat band potentials of the CdSe and CdSe/ZnO
materials were found as -0.981 V and -0.834 V,
respectively. Besides, Np values were determined
as 1.623x10% and 9.186x10% cm™® for CdSe and
CdSe/ZnO, respectively. As a result, all findings
demonstrated that homogenous well-defined and
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crystallized CdSe and CdSe/ZnO nanostructures
were synthesized via electrochemical deposition
method. ZnO top layer offers higher stability and
low band gap (with respect to ZnO) is promising
for such heterostructure material to be used in solar
cell applications.
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Abstract

Recently, the DGL test has been successfully applied to the user-assisted image segmentation problem
where different types of user inputs, e.g. labeled pixels from ground truth masks, bounding boxes and
pixel seeds, can be robustly leveraged to assist the segmentation process in a simple and effective way.
However, in the baseline method the spatial information of the user inputs is not utilized and the test is
implemented in the color domain. In this work, we propose a spatially adaptive version of the DGL test
where the spatial information of the user-input regions is incorporated into the decision making process of
the original test for an improved segmentation performance. We show that the proposed approach can be
simply and seamlessly integrated into the baseline method without increasing its computational and
algorithmic complexity. We demonstrate simulations on the Berkeley’s BSDS500 image database that
validate the effectiveness of the proposed method. We also present benchmarking results which indicate
that the accuracy can be improved by about 3% compared to the baseline method.

Keywords: User-assisted segmentation, Multiple instance segmentation, Robust hypothesis testing,
DGL test

Kullanicr Yardimina Kararh, Uzlamsal Adaptif DGL Test Tabanh Coklu Goérintd
Kesitleme

Oz

Son dénemde DGL testi, kullanici yardimh gorintii kesitleme problemine basariyla uygulanmig ve
etiketlenmis pikseller, kesit cerceveleri ve piksel tohumlari gibi farkl: kullanici girdileriyle kararli bir
sekilde calisarak coklu gorlnti kesitleme problemine basit ve etkili bir ¢6ziim olarak sunulmustur. Fakat,
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sunulan temel yoéntemde kullanici girdilerinin gorlntl kesitleri hakkinda sagladigi uzlamsal bilgiden
faydalanilmamis ve test sadece renk uzayinda uygulanmustir. Bu calismada, kullanici girdilerinin
uzlamsal bilgilerinin daha iyi bir kesitleme performans: icin temel karar verme mekanizmasina dahil
edildigi, uzlamsal olarak duyarh bir DGL testi sunulmustur. Onerdigimiz yontemin, algoritmik ya da
hesaplama karmagsikligini arttirmadan, basit ve muntazam bir sekilde temel yonteme dahil edilebildigi
gosterilmistir. Berkeley BSDS500 gorintll veri tabaninda yaptigimiz betimlemeler énerilen yéntemin
faydalarini gostermekte olup; performans betimlemeleri, temel ydnteme gére %3 oraninda kesitlemede

iyilestirme elde edilebilecegini gostermektedir.

Anahtar Kelimeler: Kullanici yardimh goriinti kesitleme, Coklu goriintii kesitleme, Karali hipotez testi,

DGL testi
1. INTRODUCTION

Image segmentation, in general, is an NP-hard
problem. Recently,  several user-assisted
segmentation methods have been developed in
which different types of user inputs can be
leveraged to assist the segmentation process. These
inputs can be labeled pixels from the regions of
interests, their bounding boxes, seeds points or
scribbles. The mostly used methods include the
Graph Cuts [1], the Random Walk [2] and the
GrabCut [3] algorithms. For a detailed overview of
these methods and their many variants we refer the
reader to [4].

The methods cited above are often designed to
work effectively under a particular user input type.
For example, in Graph Cuts the user inputs are
labeled seed points whereas in Random Walk the
user assistance is provided via image scribbles.
However, these algorithms can be sensitive to the
amount or the precision of the user input and their
performances may deteriorate if the user inputs are
not delivered properly. Therefore, many variant
algorithms (see [4]) are suggested in the literature
to improve the robustness of these methods to user
inputs.

The DGL test [5-7] is a robust multiple hypothesis
testing procedure. Recently, this test has been
successfully applied to the user-assisted multilabel
image segmentation problem. In [8] it is shown
that the inherent robustness of this test can be
leveraged with a simple and effective segmentation
method for robust operation under different types
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of user inputs. The proposed baseline method can
be implemented with linear complexity in the
number of pixels and quadratic in the number of
image regions. Moreover, the method is
algorithmically minimal in the sense that it can be
implemented with around 30 lines of Matlab code.
However, this baseline method only utilizes the
empirical distributions, i.e. the histograms of the
user input regions, and does not consider their
spatial information which may be crucial to
improve the segmentation process. For example,
when the user inputs are bounding boxes of the
image regions, then these boxes also provide a
spatial information about the whereabouts of the
regions of interest. In this paper we propose an
adaptation of the baseline DGL test that can take
advantage of this spatial information and provide
performance improvements.

The main contributions of our work are as follows:
we propose a spatially adaptive DGL test based,
user-assisted segmentation method where the
spatial information of the wuser inputs is
incorporated in the DGL test in a seamless manner.
This is accomplished by including the spatial
information of the user inputs in the decision
making process of the DGL test by combining the
color and spatial domain disparity metrics. We
show that such an approach does not increase the
computational and algorithmic complexity of the
original method while providing performance
improvements. We validate the performance
improvements compared to the baseline method on
the Berkeley BSDS500 database [9]. Our
benchmarking results indicate that the proposed
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method improves the segmentation accuracy
around %3 for different types of user inputs such
as fraction of labeled pixels form ground truth
mask, bounding boxes, random seed points and
perturbed bounding boxes.

2. PRELIMINARIES

2.1. Notation

We use capital letters X, Y for random variables
and lowercase letters x, y for their realizations. We
let X', Y to denote the alphabets such that x € X,
and y € Y where |X| and |Y] are used to denote
the sizes of these alphabets. The cross product of
the alphabets is denoted as X x Y. The sequence
of variables is denoted as X;, X, ...., Xy and we
use the standard Landau notation o(N) and O(N) to
denote the limiting values of functions.

2.2. Problem Statement

We assume the probabilistic formulation in [8],
[10] and consider the segmentation process
I: Q- R%where Q is the pixel grid with size ||
= N. We assume that the image consists of M
disjoint segments Q,, Q,, ..., Qy Where a segment
may consist of different separated regions. Let X
be an arbitrary pixel in Q and I(X) denote its
intensity. We assume that the pixel intensities are
independent and identically distributed (i.i.d.) in
the regions of interest, Q; , i=1,2,..,Mas
(Equation 1):
{I(X)X eq} ~P, i=12,...,M, €))
where P; are the intensity distributions. The
assumed image model is demonstrated in Figure 1.
In this paper, we consider digitized images where
the pixel intensities come from a discrete alphabet,
X, withdimension,d,as X = X1 X X2 X ....Xx Xg
sothat/: Q- XandP,: X - [0,1].

In multilabel segmentation one seeks a decision
(labeling) rule D, that is of the form D: Q — {1, 2,
..., M} so that D(X)= i is chosen provided that X €
Q.
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2.3. DGL Test-Based Segmentation

DGL test by Devroye et al. [5] is a non-linear
majority voting test that is suitable for robust
hypothesis testing applications where the true
distributions of the hypothesis are not readily
available but one has access to a set of nominal
distributions that are known to be close to true
distributions in total variation distance. Recently,
this test has been successfully adapted to user-
assisted image segmentation in [8] where different
types of user inputs such as bounding boxes and
pixel seeds can be robustly utilized to aid the
segmentation task. This is accomplished by using
the empirical intensity distributions of the user
inputs regions as nominal distributions in the DGL
test.

Let L,,L,,....,Ly denote M sets of image pixels
that are labeled in accordance with the user inputs.
This set of pixels may be gathered randomly from
the bounding boxes, pixels seeds or ground truth
mask. Let Q;: X —-[01], X=X, XX
X.XXg i=1,2,..,M, be the empirical
distributions, i.e., histograms of L; as (Equation 2):

1

Qi (q)qex = E;HT(X):q (2)
Q,; P,
Q,; P> Q,: P,

Figure 1. The depiction of the considered image
model for M=3 region image
segmentation  problem. The pixel
intensities P, P,, P; are assumed to be
different in the regions of interest
0, Q,,0,
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where I is an indicator function that takes value 1
when its argument is true, and I(X) denotes the
rounded intensity of the pixel where rounding is
performed in accordance with the edges of the
histogram bin descriptor.

In the baseline method the segmentation process is
implemented at the superpixel level by assuming
the pixels in each superpixel are i.i.d and belong to
some Q; This approach is illustrated in Figure 2.
Notice that adopting superpixel level segmentation
with the assumed image model effectively
transforms the image segmentation problem into a
hypothesis  testing problem  where robust
hypothesis testing framework and the DGL is well
suited. As the superpixels gather adjacent pixels
into visually distinct pixel groups that adhere well
to image boundaries, their differentiation with the
DGL test provides a simple and effective solution
to the segmentation problem.

Figure 2. Perfoming the segmentation task at the
superpixel level where dashed lines are
the boundaries of the superpixels and
the distinct image segments are denoted
with different colors

Let Q - {S;, S,, ..., Sk}, K <N, denote the
partition of the pixel grid into superpixels. Before
the application of the DGL test, M(M — 1)/2 Borel
sets A;,A;; € A that have the following form

(Equation 3):
Alj:{qzéi(q)zQAj(q)}, 1<i<j<M, (3)

need to be calculated for all g € X. Then, if {X,,
X, ..., Xy} are the set of pixels in Sy, the test
decides on D(Si) = i provided that (Equation 4):
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a0 A A= R A () @)
Where (Equation 5):
Hy (A) = %iﬂx,sA )

The integrals in (4) can be calculated numerically
for example using the trapz function in Matlab.
This algorithm can be implemented with time
complexity O(M? max{|X], N}) and space
complexity O(M* max{|X|, N}) [8]. When |X] is
larger than N, the complexities are not linear in
the number of pixels which is undesired for a
practical segmentation algorithm. However, one
can reduce the dimension of X and implement the
algorithm on X' via dimensionality reduction
techniques to have |X’'| < N. This ensures an
algorithm with time complexity O(M?N) and space
complexity O(M®N). In [8] the algorithm is
implemented in the HSV color domain by
considering only the H and S components where it
is shown that the reduction in the performance
might be negligible.

3. SPATIALLY ADAPTIVE DGL
TEST-BASED IMAGE
SEGMENTATION

3.1. Motivation

Notice that the decision rule in (4) in the baseline
method aims to choose the hypothesis such that the
mismatch between the nominal and the empirical
histogram is minimum. Therefore, this method
only takes advantage of the relative distances
between the intensity histograms of the user input
regions and does not consider their spatial
properties. However, the spatial information of
these regions can also be crucial for segmentation
process. For example, if the bounding box of a
region is provided by the user than the region of
interest resides inside the bounding box and one
should not search for an instance of that region in
any other part of the image.
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3.2. Implementation

The spatial information of the user input regions
can be incorporated into the DGL by introducing
spatially varying intensity distributions as in [11].
In this approach one augments the spatial
dimension, i.e. the pixel grid Q, with the alphabet
of the intensity distributions, X , and considers a
compound alphabet C = X x Q. With this alphabet
the probability for the intensity of a pixel, 1(X), is
considered jointly with its spatial position, X, as
Pr(1(X), X). Therefore, the resultant spatially
varying distributions allow for discrimination both
in the histogram and spatial domain. In order to
adapt this method to the DGL the calculations of
the

Borel sets A € in (3) and implementation of the
test in (4) must be performed over C instead of X.
However, since the complexity of the DGL test
depends on |X| such an approach would possibly
increase the computational complexity of the
baseline test. In this paper, we provide a simple
alternative method based on the inherent
mechanism of the DGL test that allows one to
adapt it to handle spatial information as well.

The proposed approach is implemented as follows.
We use the set of the labeled pixels
Ly, Lo, ...., Ly, that are gathered from the vicinity of
user input regions. We let (Equation 6):

1
C :sz (6)

xely

be the centroid of the pixels in L; and similarly
define (Equation 7):

u(sk)=|si > ™

to be the centroid of the superpixel. When deciding
a label for S, the baseline method tries to minimize
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the metric max in the color domain.

AcA

[Q (A)1, (A)

This metric is the disparity between the (worst
case) nominal and the empirical distribution on the
support A€ A. In an analogy, the term |C;-u(S,)|
is a spatial metric than can be regarded as the
mismatch between the nominal location of the
region Qj and the centroid of the superpixel. In the
proposed spatially adaptive DGL test we soften the
decision rule based on the color metric by
combining it with the proposed spatial metric and
decide on D(Sk) = i if (Equation 8):

argmin max

Tj=12..M  AA ww e -u(s)| ®)

Qs (R)= (A)

A

where w; = 0 are weight terms that can be
adjusted to modify the relative dominance of the
mismatch in the spatial or in the color domain. As
wj —>0 the effect of the proposed spatial
mismatch term vanishes and the proposed test
becomes identical to the baseline test. Whereas, as

w; — oo the effect of the mismatch in the color
domain vanishes and the test becomes purely
spatial. Therefore, we balance the two mismatches

with a proper selection of the w; terms.

The improvements of the proposed method is
depicted in Figure 3 for some images form the
BSDS500 database where we have used the SLIC
superpixels [12] with K = 500. Here, we have used
the bounding boxes of image segments as user
inputs and we have used the proposed algorithm
by setting w; = 1. Notice that in the first image
the segmentation errors between the foreground
and background grassy field, in the second image
the errors in the background forest to the left and
right of the tree, and in the last image the errors
between the faces of the mother and the baby are
almost eliminated with the proposed method. In
the next section, we present our benchmarking
results and show that similar improvements can be
obtained with different types of user inputs as well.
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Figure 3. Performance comparison of the proposed method and the baseline method on some sample
images from Berkeley’s BSDS500 database where a) the original image, b) the ground truth, c)
baseline DGL test d) spatially adaptive DGL test

3.3. Complexity

Notice that the proposed method only requires the
calculations of equations in (6) and (7) which can
be performed with complexity O(N). Therefore,
the proposed method does not increase the
computational complexity of the baseline test and
can be implemented with time complexity O(M?N)
and space complexity O(M3N).

4. SIMULATIONS

We have compared the performances of the
proposed method and the baseline DGL test in [8].
The simulations are performed on Berkeley’s
BSDS500 database [9] test images. This dataset
includes 200 natural RGB images where multiple
ground truth annotations are provided for each
image. The pixel grid has a size of 321x481 and
each color intensity is encoded with 8 bits
precision i.e. |X| = 256° As a performance
measure, we have used intersection over union
(loU) metric defined as (Equation 9):
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_ Area of Overlap
Area of Union

IoU 9
where overlap and union are calculated for the
considered superpixels and the ground truths. loU
is calculated by averaging it over multiple ground
truths and over multiple images. Before calculating
loU, we have decreased the number of regions in
each image and considered 90% of the labeled
pixels, as in [8], since a majority of the annotations
are Over-segmented.

We have compared the performances of both
methods for all the considered user types in the
baseline method in [8].

Following the same notation we let, GT; and BB; ,
i=1,2,..., M, denote the ground truth masks and
bounding boxes of the image segments. First, the
set of labeled pixels, 7; are obtained from a
percentage 1%, fe{25, 50, 75, 100}, of randomly
selected labeled pixels from GT; and BB;. These
methods are respectively denoted by
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DGL and DGLY% for the baseline test and by

DGLSPAT/” and DGLSPAT.Y in the proposed
spatially adaptive DGL test. We have also
considered t%, te{5, 10, 15}, random pixels seeds
from each ground truth mask and investigated the
case of p%, p€e{5, 10,15}, randomly perturbed
bounding boxes. These methods are respectively

denoted by DGL:R™, DGLZAP* in the baseline

method and by DGLSPAT.?®, DGLSPATA*" in
the proposed method. While using random pixel
seeds, the pixels in L; are gathered from square
boxes with centers being the seed points in ;. The
side-length of these squares are chosen to be 50
pixels as in [8]. For the case of perturbed bounding
boxes, the two corner points, (ry,c¢;), (2, ¢3), of
the bounding boxes are uniformly translated p% to
obtain (7y,¢;), (3, C,), respectively. Here, 7; is
@p g 2P e

selected uniformly over rl- ,
200 200
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same perturbation method is applied to obtain ¢;,
7, and &,

Both algorithms are implemented in the HSV color
space by considering only the H (hue) and S
(saturation) components of the image. As in [8] we
have applied dimensionality reduction by choosing
| X 1|=| X 5|=V321%x481 =392 so that the complexity
of the both tests is linear complexity in the number
of pixels. We have used the proposed algorithm by
setting w; = 1 in Eq. (8). This choice provided an
accuracy improvement for the majority of the
images in the BSDS500 database. We have also
considered the injection of additional user inputs
via a genie-aided user that relabels the mislabeled
superpixels and observed the increase in the
accuracy of segmentation versus the number of
relabeled superpixels.
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Figure 4. Benchmarking results of the proposed spatially adaptive DGL test and the baseline DGL test
on Berkeley’s BSDS500 database for different types of user inputs. In all the figures the blue
curves represent the baseline method and the red curves represent the proposed method
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The benchmarking results are presented in Figure 4.
Here we compare DGL/ and DGLSPAT.? in
Figure 4.a, DGL.P"™ and DGLSPAT.Z® in Figure
4.b, DGLLE and DGLSPAT.? in Figure 4.c and
DGLEAP* and DGLSPATZP* in Figure 4.d,
respectively. From these figures we observe that
the proposed spatially adaptive DGL test provides

an accuracy improvement around 3% for all the
considered user input types.

5. CONCLUSION

We have presented a spatially adaptive version of
the DGL test to be used in user-assisted multilabel
image segmentation problem. The proposed
method offers a simple way to include the spatial
information of the user inputs to the baseline, color
domain based DGL test, for an improved
segmentation performance. We have shown that
the proposed method can be seamlessly integrated
into the baseline method without increasing its
complexity and it can provide performance

improvements. We have also  provided
benchmarking results on the Berkeley’s BSDS500
database and showed that an accuracy

improvement of around 3% can be obtained
compared the baseline method. Investigating the
segmentation performance of the DGL test via
spatially varying color distributions as in [11] is
the topic of our upcoming work.
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Oz

Tekstil takviyeli betonlar (TTB) kullanimi giderek yayginlasan sandvig¢ paneller, ¢ati konstriiksiyonlari,
yiirliyiis kopriileri ve bahge mobilyalar1 gibi kullanim alanlari olan yenilik¢i yap1 malzemeleridir. TTB’ler
ince tanecikli agregadan iiretilen beton ve yiiksek ¢cekme dayanimina sahip korozyon riski tagimayan
tekstil yiizeylerinden olugan kompozit yapilardir. Calismada beton takviyesinde yaygin olarak kullanilan
alkali dayanimli cam, bazalt ve karbon filamentler ham ve epoksi regine kapli olarak iki farkli yiizey
halinde ve ti¢ farkli konumda kullanilmigtir. Takviyesiz numune ile birlikte farkli parametrelerde 37 adet
numune iiretilmig ve numunelere egilme deneyi uygulanmistir. Egilme deneyi sonucunda en fazla deger
karbon filamentli numunelerde elde edilirken en diisiik deger ise bazalt filamentli numunelerde elde
edilmistir. Epoksi re¢ine kullaniminin ham filament kullanimina gére egilme dayanimina katkisi ortalama
olarak alkali dayanimli cam filamentte %63, bazalt filamentte %71, karbon filamentte ise %127 olmustur.

Anahtar Kelimeler: Ingaat teknik tekstilleri, Tekstil takviyeli beton, Teknik lifler, Epoksi recine,
Egilme dayanimi

The Effect of Using Raw and Epoxy Resin Coated Technical Fibers on
Construction Element Performance

Abstract

Textile-reinforced concrete (TRC) is an innovative building material with areas of use such as sandwich
panels, roof constructions, walking bridges and outdoor furniture, which are becoming increasingly
common. TRC’s are composite structures consisting of concrete produced from fine-grained aggregate
and textile structures with high tensile strength and non-corrosive. In the study, alkali resistant glass,
basalt and carbon filaments, which are widely used in concrete reinforcement, were used as raw and
epoxy resin coated on two different structures and in three different positions. 37 samples with different
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parameters were produced together with the non-reinforced sample and flexural test was applied to the
samples. As a result of the flexural test, the highest value was obtained in carbon filament samples, while
the lowest value was obtained in basalt filament samples. The contribution of the use of epoxy resin to the
flexural strength compared to the use of raw filament was 63% in alkali resistant glass filament, 71% in

basalt filament, and 127% in carbon filament.

Keywords: Buildtech textile, Textile reinforced concrete, Technical fibers, Epoxy resin, Flexural strength

1. GIRIS

Beton; ¢imento, agrega, su, kimyasal ve mineral
katkilarin  karigimiyla elde edilen bir yapi
malzemesidir [1]. Kendini olusturan malzemelerin
dogadan kolayca temin edilmesi, lretim
maliyetinin disiik olmasi ve yiksek dayanimi
nedeniyle giliniimiizde beton yapi sektoriinde en
yaygmn kullanilan yap1 malzemesidir [2]. Yap1
malzemesi olarak kullanilan har¢lar kullanildig ilk

Celik takviyveli beton

Lif takviyeli beton

giinden itibaren ig¢ine kirllgan  6zelliginin
giderilmesi amaciyla bitkisel veya hayvansal lifler
katilarak kullanilmiglardir. Ornegin, killi camur
icine saman, cesitli bitki dallari, sap ve lifleri
katilarak yap1 dayanikliliginin artirildigr kerpic
yapilar Anadolu’da da yaygin olarak kullanilmistir
[3]. Giiniimizde ise betonlarin dayanimini
artirmak i¢in kimyasal ve mineral katkilar yaninda
cesitli tekstil lifleri de kullanilmaktadir [1].

Tekstil takviyeli beton

e \
SN
#
= lvaf (k ly —
Beson S tii?i;é\s? Grisesiyi Tekstil takviyesi
W ik takvivesi S
Sekil 1. Beton giiclendirme sistemleri [4]
Tekstil takviyeli beton (TTB) kompozit yapilari, dizaynlara sahip dis cepheler kullanmasi

matris kismi ince tanecikli malzemelerden elde
edilmis betondan olusan, takviye bileseni ise
tekstil yapilarindan olusan yiiksek yiikk tasima
kapasitesine sahip yenilik¢i yapt malzemeleridir
[5]. Kullanilan tekstil yapilar1 beton kompozitlerin
¢ekme ve egilme dayaniminda artig saglamaktadir.
Mekanik katkilarinin yaninda, kullanilan tekstil
materyali yapiya siineklik de sagladigindan tekstil
kumas yapilarmin takviye bileseni olarak
kullanildigi  beton tabanli kompozit yapilarin
kullanimi1 giiniimiizde gittikce artmaktadir. [6].
Modern mimarinin yapilarda kaliteli ve farkli
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giinlimiizde giderek artmaktadir. Bu yapilarin
olusturulabilmesinde konvansiyonel yoOntem ve
materyaller yeterli olmadig i¢in yeni teknolojiler
ve materyallere gereksinim  duyulmaktadir.
TTB’lerde kullanilan yiiksek performansli ve
metalik olmayan tekstil bilesenleri, yapilarda
hafiflik, incelik ve kivrimli yapi olusturabilme
imkanm saglamaktadir [7]. TTB’ler; yiiksek ylizey
kalitesine sahip olmasi, tasarimda ozgiirliik
sunmasi, ince duvarlarin elde edilebilmesine
olanak tanimasi, ¢evreci olmasi ve iyi mekanik
ozellikleri yaninda diisiik maliyetli olmasi gibi
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avantajlara sahiptir [8]. TTB’ler ¢elik takviyeli
betondan farkli olarak c¢atlak olusumu sonrasi
ortaya c¢ikan ¢ekme  gerilmesini  tagima
egilimindedirler. Takviye amaciyla kullanilan
tekstil bilegenleri korozyon riski tasimadigi igin
klasik kullanimdaki gibi pas paymna ihtiyag
duyulmamakta, tekstil yiizeylerinin ince bir
yiizeyle kaplanmis olmasi yeterli olmaktadir.
Boylece tekstil takviyeli beton uygulamalari
yiksek dayaniklilik ve yiiksek yiizey kalitesi
yaninda farkli tasarimlara ve diisiik agirlikli
yapilara onciilik etmektedirler. Tekstil takviyeli
betonlar ¢ogunlukla dis cephe duvarlarinda
bagariyla uygulanmakta olup, son donemlerde
yapilan ¢alismalarla bu  kullanim alanlari
genisletilmeye ¢alisilmaktadir [9].

Tekstil takviyeli betonun matris kisminit beton
olustururken, takviye elemani kismini ise tekstil
bilesenleri veya bu bilesenlerin olusturdugu
kompozit  yapilar  olusturmaktadir.  Tekstil
bilesenleri tek baslarina kullanilabildikleri gibi
farkli yontemlerle olusturulmus kompozit yapilar
olarak da kullanilabilmektedir. Bu yonilyle tekstil
takviyeli beton yapilarin i¢ ice ge¢mis kompozit
yapilardan olustugu soylenebilir. Tekstil takviyeli
beton {iretiminde, tekstil bilesenleri kesikli 1lif
formunda veya kesiksiz filament olmak tizere iki
tirli  kullanilabilmektedir. Kesikli  formdaki
polipropilen, cam, metal veya bazi dogal lifler
beton siinekligini artirmak igin kullanilirken,
kesiksiz formdaki alkali dayanimli cam filament,
bazalt filament ve karbon filament gibi malzemeler
genellikle ¢ekme ve egilme dayanimini artirmak
icin kullanilmaktadir [8,10]. Epoksi regineler
tekstil filamentlerinin dayanimlarini artirmada ¢ok
basarili matris yapilar olup epoksi regine kapl
tekstil filament yapilart miikkemmel mekanik
ozellikleri sayesinde yenilikgi riinlerin
olusturulmasinda ozellikle de tekstil takviyeli
betonlarin iiretiminde yaygin olarak
kullanilmaktadir [11]. Yoo ve arkadaslar1 (2016),
beton takviyesinde kaplamali/kaplamasiz tekstil
yizeyleri ve g¢elik lifi kullaniminin egilme
dayanimi iizerine etkisini arastirmislardir. Tekstil
bilesenleri ham olarak kullanildiginda celik lifi
kullanimina nazaran daha diisiik egilme dayanimi
degeri elde edilmistir. Calisma sonucunda daha iyi
egilme dayanimi ve tokluk degeri elde etmek i¢in
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celik lifi kullanimi yerine epoksi regine kaplh
tekstil  ylizeylerinin  kullamilmas1  gerektigi
sonucuna varilmigtir [12]. Kriiger ve arkadaslari
(2001), tekstil takviyeli betonlarda tekstil bileseni
kaplamasinin beton egilme dayanimi {iizerine
etkisini  arastirmiglardir.  Takviye amaciyla
kullanilan tekstil bilesenin kaplamali olarak
kullanilmasinin =~ {irtin -~ kullanim  performansin
artirdifn  goriilmistiir. Tekstil yiizeyinin epoksi
recine ile kaplanmasiyla iirlin gekme dayaniminda
ylksek oranda artis elde edilmistir. Diger bir
kaplama maddesi olan stiren butadien kauguk
(SBR) esasli maddelerle kaplanmig numuneler
epoksi regineyle kaplanarak {iretilen {irlinlere gére
daha diisik dayanim  performans  degeri
gostermigtir [13]. Chira ve arkadaglar1 (2016),
epoksi  regine  kapli  tekstil iiriinleriyle
takviyelendirilmis betonlarin performans
ozelliklerini incelemislerdir. Yiiriitiilen ¢alismada
epoksi reginenin igine %1-3 oraninda nanosilika
ilavesi yapilarak numuneler ftretilmis ve test
edilmistir. Yapilan testler sonucunda %2’lik
nanosilika takviyesinin basma dayaniminda %13,
kesme dayaniminda %68 ve ¢ekme dayaniminda
da %32’lik bir artis sagladigi gozlemlenmistir.
Caligmada ayrica alkali dayammli cam filament
kullanilarak bir panel olusturulmus ve panel
dayaniminin teorik olarak hesaplanmasi ve
tahminlenmesi i¢in bir model olusturulmustur.
Olusturulan model yardimiyla elde edilen ve
yapilan deneyler sonrast elde edilen sonuglar
birbirine yakin bulunmus olup nano silika
takviyesinin panel egilme dayanimima %21 katki
sagladigi goriilmiigtiir [11]. Lv ve arkadaglart
(2012), tekstil takviyeli beton iretiminde
kullanilan tekstil yiizeylerinin epoksi regine
kaplanmasinin beton performansma etkilerini
incelemislerdir. Calismada alkali dayanimh cam ve
karbon filamentten elde edilen yiizeyler kaplanarak
tekstil takviyeli beton numuneleri olusturulmustur.
Uygulanan testler sonucunda elde edilen
degerlerden epoksi regine kaplamasinin beton
performansimi artirdigt  ve ¢elik takviyesine
alternatif olusturabilecegi goriilmiistiir. Ayrica,
epoksi regine kaplamasmnin betonun egilme
dayanimini  artirmasmna  karsin  olusturdugu
piiriizsiiz ylizey nedeniyle tekstil yiizeyi-beton
baglantisin1  azalttigindan, daha 1iyi egilme
dayamimi degerleri adina tekstil ylizeyi-beton
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aderansini artirmak i¢in kaplama sonrasi ylizeyin
modifiye edilmesi gerektigi Onerilmistir [14].
Koeckritz ve arkadaglart (2010), kaplama
prosesinin tekstil takviyeli betonlardaki etkisini
incelemek i¢in yiriittikkleri caligmada 2400 tex
alkali dayanimli cam filament ve 800 tex karbon
filamentten olusturulmus tekstil ylizeylerini
kaplamasiz ve stiren butadien kauguk (SBR) esasli
maddelerle kaplayarak 2, 3 ve 4 katli olarak
kullanilmiglardir.  Yapilan testler sonucunda
kaplamanin ve tekstil yiizeyi kat sayisinin tekstil
takviyeli beton numunelerin  yiik tasima
kapasitesini  dogrudan artirdigr  goriilmistiir.
Karbon filamentlerden elde edilen yiizeylerin
kullanildigit numuneler alkali dayanimli cam
filament kullanilarak elde edilen numunelere gore
daha yiiksek egilme dayanimi gostermistir [15].
Rampini ve arkadaslar1 (2018), italya’da deprem
bolgesinde tekstil takviyeli beton
kullanilabilirligini arastirmiglardir. Alkali
dayanimli cam filamentlerden leno dokuma
yapisinda {iretilen yiizeyler epoksi regine ve stiren-
biitadien esasli maddelerle kaplanarak beton

takviyesinde kullanilmustir. Numunelere
uygulanan testler sonucunda, tekstil takviyeli
betonlart restorasyon ve giiclendirme

calismalarinda kullanmanin bir ¢6ziim olarak
degerlendirilebilecegi ortaya konulmustur [16].
Kurban ve Babaarslan (2017), beton takviyesinde
kullanilabilecek hibrit iplik iiretimi i¢in sa¢ Orgii
teknigini kullandiklar1 g¢alismada ham, epoksi
recine kapli ve hibrit iplikli beton numuneler
iiretmiglerdir. Kullanilan tekstil yiizeyleri betona
daha c¢ok egilme yoniinde katki saglayacagi igin
numunelerin egilme dayanimlart test edilmis ve
takviyesiz numuneler ile kiyaslanmistir. Testler
sonucunda alkali dayanimli cam filamentin tek
basina egilme dayanimina %38,60, epoksi regine
kaph filamentin %171,68 ve hibrit ipligin

Cizelge 1. Materyallerin teknik 6zellikleri

%80,38’lik katki sagladigi gorilmistir [17].
Kurban ve arkadaglart (2017), yiiriittikleri
calismada tekstil materyallerinin ham, epoksi
regine kapli ve hibrit iplik formunda kullanimimin
betonun egilme dayanimina etkisini
incelemiglerdir. Caligmada uygulanan testler
sonucunda epoksi recine kaplamanin ham filament
kullanimina goére alkali dayanimli cam filamentli
numunelerde %75, karbon filamentli numunelerde
ise %65 katki sagladigi gorulmistiir [18].

Bu ¢alismada; tekstil takviyeli beton tiretiminde
kullanim1 uygun olan alkali dayanimli cam, bazalt
ve karbon filamentlerin kullaniminin betonun
performans ozellikleri lizerine etkileri
karsilastirmali olarak incelenmistir. Kullanilan
filamentler, ham ve epoksi regine ile kaplh olarak
iki farkli formda, numunede 10x40 tel ve 10x8 tel
olacak sekilde iki farkli yiizey halinde ve beton
numune igerisinde ti¢ farkli konumda kullanilarak
bunlarin  beton performans:t {izerine etkileri
incelenmistir.

2. MATERYAL VE YONTEM
2.1. Materyal

Calisma kapsaminda iiretilecek tekstil takviyeli
beton kompozit yapisinin takviye bileseni igin
beton takviyesinde yaygin olarak kullanilan alkali
dayamimli cam filament (AR-Glass) (Cem-FIL®
5325-OCV Reinforcements), bazalt filament
(Spinteks) wve karbon filament (DowAksa)
kullanilmistir.  Kullanilan  filamentlerin  teknik
ozellikleri Cizelge 1°de verilmistir. Bu ii¢ filament
ham ve epoksi regine (SR8500-Sicomin) kapli
olarak kullanilmustir.

. . Lineer yogunluk Yogunluk Cekme dayanimi1 | Elastisite modiilii
Filament tird (tex) (g/om?) (MPa) (GPa)
AR-Glass 2400 2,68 1700 72
Bazalt 2400 2,75 2800 89
Karbon 1600 1,78 4200 240
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Kompozit yapinin matris kismini olusturacak olan
beton yapt Cimsa A.S$.’nin Mersin’de bulunan
tesislerindeki caligmalar sonucu belirlenmis olan
ve (Cizelge 2’de verilen receteye gore
hazirlanmistir. Karisimin hazirlanmasinda
kullanilacak materyaller istenen dayanmim ve
islenebilirlik  6zelliklerini saglayacak sekilde
belirlenmistir. ~ Oncelikle istenen dayanimin
saglanabilmesi i¢in ¢imento olarak CEM I 42,5 R
gri Portland ¢imentosu kullanilmistir. Baglayici
olarak ¢imentonun yaninda ugucu kiil kullanilarak
¢imento kullanimi azaltilmis ve beton harci
maliyetinin  diigiirilmesi hedeflenmistir. Beton
islenebilirliginin istenen seviyede olabilmesi i¢in
maksimum tane biiyiikliigii 300 p ve 500 p olan iki
farkli agrega tiirli kullanilmistir. Yiiksek dayanimli
beton eldesi ve islenebilirlige katki saglamasindan
otiri  de beton harct igerisinde = siiper
akigkanlastiric1 kullanilmigtir. Belirlenen karigima
gore hazirlanan betonun dayanimi ve beton sinifini
belirlemek igin TS EN 12390-3 nolu “Beton-
Sertlegsmis beton deneyleri-Bolim 3: Deney
numunelerinde  basing  dayaniminin  tayini”
standardina gore test edilmis ve 52,3 MPa
bulunmustur [19]. Elde edilen dayanim C40 beton
smifina karsilik gelmekte olup tekstil takviyeli
beton iiretiminde kullanilacak olan beton yeterli
dayanima sahiptir. Ayrica beton karigiminin
akiskanligit TS EN 12350-5 nolu “Beton- Taze
beton deneyleri- Boliim 5: Yayilma tablasi deneyi”
standardina gore test edilmis ve 75-80 cm’lik
yayilma degeri ile istenen kivam saglanmustir [20].

Cizelge 2. Beton karigim oranlart

Bilesen Miktar (kg/m°)
Cimento CEM 142,5 R 480
Ugucu kiil 240
Agrega (0-0,3 mm) 642
Agrega (0,2-0,5 mm) 503
Siiper akigkanlagtirici 10,8
Su 284

2.2. Yontem

Uretimi gerceklestirilecek tekstil takviyeli betonlar
TS EN 12390-5 numarali “Beton-Sertlesmis beton
deneyleri - Bolim 5: Deney numunelerinin egilme
dayaniminin tayini” standardina uygun bir sekilde
400x100x20 mm ebatlarinda {iretilmis ve tekstil
ylzeyleri bu ebatlara uygun bir sekilde
hazirlanmigtir [21]. Takviye amaciyla kullanilan
filamentler ham ve epoksi regine kaph olmak tizere
iki formda kullamilmigtir. Ham filamentlerden
yiizey elde edilirken filamentler, Sekil 4’de
goriilen gentikli kaliplara direkt olarak sarilirken,
epoksi regine kapli numunelerde yiizey iretimi
gerceklestirildikten ~ sonra  beton  kaliplara
yerlestirilmistir. Takviye amaciyla kullanilacak
filamentler bir fulardda epoksi regine ile
kaplandiktan sonra belirlenen konstriiksiyonda
cercevelere sarilmig ve iirlin prospektiisiine gore
kiirlenmistir. Sonrasinda beton igerisine
yerlestirilebilmek  amaciyla ~ 400x100 mm
ebatlarinda kesilmistir. Ham ve epoksi regine kapl
yiizey olusumunda bir numune icerisinde 10x40 ve
10x8 tel olacak sekilde iki farkli formda yiizey
olusturulmustur (Sekil 2).

(@)
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(b)
Sekil 2. a) 10x40 tekstil yiizeyi, b) 10x8 tekstil yiizeyi
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Ham filamentlerden numune iretilirken filament
direkt olarak c¢entikli kaliplara sarilirken epoksi
re¢cine kapli  yiizeyler —misina iplikleriyle
olusturulan aski sistemiyle istenen konumda sabit
olarak tutturulmustur (Sekil 3). Tekstil yiizeyleri
beton kaliplara beton tabanindan 3-5-10 mm
yiikseklikte olacak sekilde iic farkli konumda
yerlestirilmistir (Sekil 4).

(a) (b)

Sekil 3. (a) Ham filamentler i¢in ¢entikli kalip,
(b) Epoksi regine kapli tekstil yiizeyleri
icin misina askil1 kalip

A
E
E
o
NY 000 00 00 00 [Fa...,
™ il
100 mm
A
E
E
= oo |/
NY o090 20 900 .E-mm
1 >
100 mm
&
£
g oo 00 20 00 00
’“' 10 mm
f -
100 mm
Sekil 4. Tekstil yiizeylerinin beton igerisindeki

konumlar1
Tekstil bilesenleri beton kalibma yerlestirilmeden

once beton numunelerin kolayca kaliptan
¢ikartilabilmesi i¢in kalip yagi ile yaglanmustir.
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Tekstil yiizeyleri kaliplara yerlestirildikten sonra
receteye gore hazirlanan beton dikkatli bir sekilde
kalip igerisinde porsiyonlar halinde dokiilmiistiir.
Betonun homojen bir sekilde yerlesmesi igin diisiik

oranda  titresim  uygulanmistir.  Kaliplarin
iizerindeki fazla beton bir mala yardimyla
styrilarak  beton  numunelerin  {ist  kismu
diizeltilmistir. Sonrasinda epoksi recine kapli

ylizeylerin bulundugu kaliplardaki misina iplikler
sokiilmiis ve numuneler kurumaya birakilmistir. 24
saat sonra kaliplardan ¢ikartilan numuneler TS EN
12390-2 nolu “Beton - Sertlesmis beton deneyleri -
Bolim 2: Dayanmim deneylerinde kullanilacak
deney numunelerinin hazirlanmas1 ve kiire tabi
tutulmas1” standardinda belirtildigi gibi 20 °C’de
27 giin boyunca kiirlenmistir [22].

Boylelikle alkali dayanimli cam, bazalt ve karbon
filament olmak {izere {i¢ ana takviye bileseni ham
ve epoksi regine kapli olarak iki farkli formda
kullanilarak 10x40 ve 10x8 tel olacak sekilde iki
farkli tekstil yiizeyi olusturulmustur. Uretilen
yiizeyler beton numuneler igerisinde numune
tabanindan 3-5-10 mm olacak sekilde ii¢ farkli
konumda yerlestirilmistir. Karsilagtirma
yapabilmek i¢in iretilen takviyesiz numune ile
birlikte toplam 37 adet farkli parametrelerde
numune liretimi gergeklestirilmistir (Cizelge 3).

Cizelge 3. Beton numune iiretim deney plani
. Tekstil

Takviye |Kullanim yiizey Numune
bilesen sekli formu yerlesimi

AR-Glass Ham 10x40 tel 3mm
Bazalt Epo.kS' 10x8 tel 5mm

regine

Karbon 10 mm

Kiirlenme sonrasi iiretim parametrelerinin beton
dayanimina etkisinin gézlemlenebilmesi ve tekstil
bilesenleri daha ¢ok egilme dogrultusunda katki
sagladiklari i¢cin numunelere TS EN 12390-5
standardina goére dort nokta egilme deneyi
uygulanmistir  (Sekil 5). Numunenin deney
diizenegindeki yerlesimi Sekil 6’daki gibi olup
egilme dayanimi TS EN 12390-5 standardinda
belirtilen Esitlik 1’e gore hesaplanmustir.
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[ | | ] I
50% 100 [ 100 l 100 %ﬂ |_ 100 I,
1 f T 1 1 1
Sekil 6. Dort nokta egilme deneyi numune
yerlesimi
(PI) (1)

" ow)

Burada; ¢ (MPa) egilme dayanimini, P(N) kirilma
yiikiind, | (mm) mesnetler aras1 mesafeyi, b (mm)
numune genisligini ve h (mm) ise numune
kalinligin1 ifade etmektedir.

Egilme deneyi kamera ile kayit altin alinmis ve
beton numuneler altina yerlestirilen komperator
yardimiyla yiik uygulama esnasinda olusan sehim
Ol¢iilmiistiir. Uygulanan yiik esnasinda olusan
sehim degerleri grafige donistiriilmiis ve yik-
deplasman grafikleri olusturularak numunelerin
yiik altindaki davraniglari incelenmistir.

Egilme deneyi sonucunda olusturulan yik-
deplasman grafikleri iiretilen numunelerin kirtlma
enerjilerinin hesaplanmasinda da kullanilmistir.

Numunelerin  kirllma  enerjileri  olusturulan

grafiklerin altinda kalan alana esit olup Esitlik 2’ye
gore hesaplanmustir.

szFdé @)
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Esitlik 2’de W (N.mm) kirllma enerjisini, F(N)
uygulanan yiikii ve J (mm) ise olusan schimi ifade
etmektedir.

3. BULGULAR VE TARTISMA

3.1. Egilme Dayanim

Sekil 7°de, ham ve epoksi regine kapli alkali
dayamimli cam, bazalt ve karbon filament
kullanilarak olusturulmus 10x40 ve 10x8 tekstil
yiizeylerinin numune tabanindan 3, 5 ve 10 mm
mesafeye yerlestirilmesi sonucu elde edilmis beton
numunelerin -~ egilme dayanimi sonuglart
verilmistir. Sekilde gorildiigii gibi tim takviye
bilesenleri egilme dayanimina katki saglamis olup
en biiylik katkiyr karbon filamentten {iretilen
yiizeyler saglarken, en diisiik katkiyr ise bazalt
filamentten tiretilen yiizeyler saglamistir. Bazalt
filament alkali dayanimli cam filamentten daha
yiiksek ¢ekme dayanimina sahip olmasina ragmen
beton igerisindeki performanst ve epoksi regineye
uyumundan dolay1 egilme dayaniminda alkali
dayanimli cam filamente gore daha diisiik katki
saglamistir. Epoksi recine kaplama prosesi tiim
filamentler icin egilme dayamimina katki
saglamistir. 10x8 tekstil yiizeylerinin kullanildigi
numunelerde epoksi kullaniminin katkis1 ham
filament kullanimina gore alkali dayanimli cam
filamentte %92, bazalt filamentte %91, karbon
filamentte ise %205 olmustur. 10x40 tekstil
yiizeyleri ham filament kullaniminda, 10x8 tekstil
yiizeyleri ise epoksi regine kapli filament
kullaniminda genellikle daha yiiksek egilme
dayanimlart vermistir. Ham filament kullaniminda
filament beton igerisinde niifuz ederek aderansi
artirmaktadir.  Bu nedenle tekstil bileseni
miktarinin fazla oldugu 10x40 tekstil yiizeyleri
ham filament kullaniminda daha iyi dayanim
gostermektedir. Epoksi regine ile filamentlerin
kaplanmasi durumunda filament ¢evresinde olusan
kaplama tabakasi ile bilesen kalinlagsmakta bu da
beton gecisini azaltmaktadir. Bunun sonucunda
teksti ylizeyi-beton baglantisi azaldigindan tekstil
ylizeyi styrilmalar1 meydana gelmekte bu da
egilme dayanimini azaltmaktadir. Bu durum tekstil
bileseninin fazla oldugu 10x40 tekstil yilizeylerinde
daha fazla ger¢eklesmektedir. Bu nedenle epoksi
regine kapli filamentlerin kullanildigr 10x8 tekstil
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ylizeyleri daha yiiksek egilme dayanimi
gostermistir. Tekstil yiizeylerinin ~ beton
icerisindeki konumlart incelendiginde takviye

bileseninin numune tabanina yaklagtik¢a katkisinin

arttigr goriilmiistiir. Bundan sonraki boliimlerde
alkali dayanimli cam filament “AR-Glass”, epoksi
recine kapli filament ise “E” olarak kodlanmustir.

584

a) 3 mm
70
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=
s 40
z
= 30
o
= 20
= . :
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0 - s L b iy B
Takvivesiz Ham E Ham Ham E
Y AR-Glass = AR-Glass Bazalt Bazalt Karbon Karbon
w Takviyesiz 5.46
u10x40 16,05 24.19 12.14 21,38 21,51 39.34
" 10x8 14.95 28.63 14.18 27,15 17.68 53.83
Takviye tiirii
b) S mm
70
-
§ 60
S 5 :
g )
Z 40
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Sekil 7. Egilme dayanimi sonuglari
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3.2. Yiik-Deplasman Grafikleri

Egilme deneyi sirasinda numunelere uygulanan
yiik ve olusan sehim degerlerinden yiik-deplasman
grafikleri  olusturulmustur  (Sekil 8).  Yiik-
deplasman grafikleri en fazla katkinin saglandig:
10x8 tekstil yiizeylerine icin hazirlanmistir.
Grafikler incelendiginde epoksi regine
kullaniminda yiik ve deplasman degerlerinde artis
elde edildigi goriilmektedir. Tekstil bilesenlerinin
epoksi recine ile kaplanmasi takviye bileseninin
dayanimini artrmis bu da betonun egilme
performansina etki etmistir. Grafikler genel olarak
ilk kingm olustugu bolgeye kadar olan kisim ve

sonrasi olan kisim olmak iizere iki ana bolgeye
ayrilabilir. Takviyesiz numune incelendiginde
olusturdugu egri dogrusal olup betonun elastik
durumuna karsi gelir ve betonun kirilmasiyla
birlikte sonlanir (I. Bolge). Takviyeli numunelerde
ise ilk bolge takviyesiz numune gibi hareket
etmekte olup ilk kirik olusumunda sonra dogrunun
egimi azalmakta ve takviye bileseni yiik tasimaya

nihai kapasitesine kadar devam etmekte ve
sonrasinda deney sonlanmaktadir (II. Bolge).
Grafikler incelendiginde takviye bileseninin

numune tabanina yakin yerlestirilmesi sonucu
olusan egimin daha biyiik oldugu goriilmiistiir.

¢ al) AR-Glass 10x8 a2) E AR-Glass 10x8
1 — vesi 8
i 3 mm 5 mm 10 mm Takviyesiz mh Y T — —Tekviyesiz
' 7
é 6
5
- 5
z P
< =
=4 = 4
=, 2
3 - J
2 2
! 1 —
0 / 0 /
0 2 1 6 8 10 0 2 4 6 8 10
Deplasman (mm) Deplasman (mm)
bl) Bazalt 10x8 b2) E Bazalt 10x8
8
8 3 mm 5 mm 10 mm =—Takviyesiz 3 mm 5 mm 10 mm =—Takviyesiz
7 7
6 6
5 5
& Z
) <
= 4 2
24 B8
= Lol
73
7 2
1 1
0 / 0 / ,
0 2 ' 6 8 10 0 2 rj 1 6 § o
Deplasman (mim) cplasman (mm)
c1) Karbon 10x8 ¢2) E Karbon 10x8
8
8 3 mm 5 mm 10 mm ——Takviyesiz 3 mm 5 mm 10 mm ——Takviyesiz
7 7
6 6
s .
— Z
2 S
- 3 -
5 2
1 1
0 / o /
0 a " 6 3 10 0 2 4 6 8 10
Deplasman (mm) Deplasman (imm)
Sekil 8. Yiik-deplasman grafikleri
C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022 585



Ham ve Epoksi Regine Kapli Teknik Elyaf Kullaniminin Yapi Elemant Performansina Etkisi

3.3. Kirilma Enerjisi

Egilme deneyi sonucunda olusturulan yiik-
deplasman grafikleri iiretilen numunelerin kirilma
enerjilerinin  hesaplanmasinda da kullanilmisgtir.
Numunelerin ~ kirilma  enerjileri  olusturulan
grafiklerin altinda kalan alana esit olup,
hesaplanan degerler Sekil 9’da grafik olarak
verilmistir. Sekil 9°da da goriildiigii gibi tim
takviye bilesenleri hem ham hem de epoksi regine
kapli olarak takviyesiz bilesene gore kirilma enerji
degerlerini kayda deger bir sekilde artirmuslardir.

Kirilma enerjisi grafikleri egilme dayanim
grafiklerine benzer 6zellikler gostermistir. Sadece
AR-Glass kullaniminda elde edilen deplasman
degerlerinin daha yiiksek olmasindan dolay1
karbon filament kullanimina gére yakin veya daha
ylksek kirilma enerjisi degerleri elde edilmistir.
Kirilma enerjisinin en biiylik oldugu takviye
ylizeylerinin 3 mm’de kullanildig1 durumda epoksi
recine kullanimi ham filament kullanimma gore
kirilma enerjisinde alkali dayanimli cam filamentte
%181, bazalt filamentte %224, karbon filamentte
ise %360 artis elde edilmistir.

a) 3 mm
25
g 20
&
E s
]
o
= 10
g
= 5
0 Lo §
Takviyesiz AR-Glass Bazalt Karbon
Takviyesiz 0.15
Ham 8,48 3,39 5,32
E 23,79 10,99 24,51
Takviye tirii
b) 5 mm
25
E 20
=
215
g
o
g 10
c
Mos
Takviyesiz AR-Glass Bazalt Karbon
Takviyesiz 0.15
Ham 5.54 2,35 5.20
E 15,50 6.40 2041
Takviye tirii
c) 10 mm
25
2 20
&
8
= 15
]
54
tv
£ 10
=
Mos
Takviyesiz AR-Glass Bazalt Karbon
Takviyesiz 0,15
Ham 3,99 2,24 4,27
E 13,12 5,92 8.43
Takviye tiirii

Sekil 9. Kirilma enerjileri
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4. SONUCLAR
Tekstil takviyeli betonlar yap1 sektoriinde
kullanim1  giderek artan yenilik¢i kompozit

malzemelerdir. Farkli kullanim alanlar1 bulunan bu
yapilar yapilan caligmalarla giderek
yayginlasmaktadir. Calismada beton takviyesinde
yaygin olarak tercih edilen alkali dayanimli cam,
bazalt ve karbon filament ham ve epoksi regine
kapl olarak kullanilmistir. Filamentler numunede
10x40 ve 10x8 tel olacak yiizeylere doniistiiriilmiis
ve Ui farkli konumda beton igerisine
yerlestirilmistir. Boylelikle yaygin kullanilan iig
tekstil filamenti iki farkli formda, iki farkli
yiizeyde ve ¢ farkli konumda kullanilarak
karsilastirilmistir. Calisma sonucunda elde edilen
bulgular asagida 6zetlenmistir.

e Her bir takviye bileseni egilme dayanimina
katk1 saglamis en fazla katkiy1 karbon filament,
en diislik katkiy: ise bazalt filamentten iiretilen
yiizeyler saglamistir.

e Epoksi regine kullanimi egilme dayaniminda
ham filament kullanimina gore alkali dayanimli
cam filamentte %92, bazalt filamentte %91,
karbon filamentte ise %205 katki saglamistr.

e Ham filament kullaniminda 10x40 tekstil
ylizeyleri, epoksi regine kapli filament
kullaniminda ise 10x8 tekstil ylizeyleri daha iyi
egilme dayanimi degerleri vermistir.

e Takviye amaciyla kullanilan tekstil yiizeyleri
numune  tabanina  yaklastikca  egilme
dayanimina katkis1 artmustir.

e Epoksi regine kullanimi egilme deneyindeki
sehim degerlerini artirmustir.

e Kirtllma enerjisi ve egilme dayanimi grafikleri
benzer olup epoksi regine  kullanimi
durumunda yik ve sehim degerlerindeki
artisgtan dolayr kirilma enerjisindeki artiglar
daha fazla olmustur.
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Bashk kisa ve agik olmal, igerigi yansitabilmelidir. Oz (ve Abstract) ¢alismamn amacini, kapsamini, yontemini ve
ulagilan sonuclan kisaca tanimlamali ve 150 kelimeyi agsmamalidir. En az Ug, en fazla bes tane anahtar kelime
verilmelidir. Bashk, Oz ve Ingilizce bashkli Abstract birinci sayfaya sigdirilmal ve ana metin ikinci sayfadan
baslatilmalidir. Metin yahin bir dil ve anlatimla yazilmah, makale Tiirkge ise Tirkce, makale ingilizce ise Ingilizce
yazim kurallarina uygun olmalhdur.

Bolim ve alt bolim baghklari numaralanmalhidir. Denklemler numaralanmal: ve bu numaralar satir sonunda parantez
icinde gosterilmelidir. Yazilarda yalmzca SI birimleri kullanilmalidir. Semboller uluslararasi kullanima uygun
secilmeli; her bir sembol ilk kullanildigi yerde tanimlanmalidir. Tesekkiir olabildigince kisa olmali, calismaya katkisi
ve destegi bulunan kisi ve kuruluslar belirtilmelidir. Cizelgeler, cizimler ve fotograflar metin icine yerlestirilmeli, her
birine numara ve baslik verilmeli ve bashklar cizim ve fotograflarin altina, cizelgelerin Ustline yazilmalidir.

Kaynaklar metinde koseli parantez icinde numaralanmali ve kaynaklar listesinde metin icinde verilis sirasina uygun
bicimde belirtilmelidir. Etik kurallar: geregince, alintilar tirnak icinde verilmeli ve bir referans numarasi ile kaynak
belirtilmelidir. Kaynaklarda su bilgiler verilmelidir:

Makale ise: Yazar(lar)in soyadi, adinin bas harfi., yil. makalenin tam basligi. derginin adi, cilt, say1, baglama ve bitis
sayfalari.

Kitap ise: Yazar(lar)in soyadi, adinin bas harfi., yil. kitabin tam adi. cilt numarasi, varsa editorii, yayinlandig: yer,
son sayfa no.

Bildiri ise: Yazar(lar)in soyadi, adinin bas harfi., yil. bildirinin tam bagligi. konferansin ad1, yapildig: yer.

Elektronik ortamdan alinmus ise: Bildiri sadece CD/DVD’de yayinlanis ise: Yazar(lar)in soyadi, adinin bas harfi.,
diger yazarlar, yil, bildirinin adi. konferansin adi (CD/DVD), yapildig: yer, yil. “Konferansin adindan hemen sonra
parantez icerisinde CD/DVD oldugu belirtilecektir.”

Tez ise: Yazarin soyadi, adinin bas harfi., yil. tezin adi. derecesi, sunuldugu kurum, son sayfa no.

Rapor ise: Yazarin soyadi, adinin bas harfi., diger yazarlar, yil. raporun adi. tirld, numarasi, kurulusun adi,
yayinlandig yer.

Web Sitesi ise: Yazar(lar) belli ise; yazarin soyadi, adinin bas harfi., diger yazarlar, varsa yayinlandig: yil. yazinin
basligi, web adresi (http://MWWw.XXXXX.XXXX.XXX), Erisim Tarihi: gin.ay.yil.

Kurum/Kuruluslara ait ise; Kurum adi, varsa vyayinlandigi yil. yazinin  bashg, web adresi
(http://AWWW. XXXXX.XXXX.XXX), Erigsim Tarihi: gin.ay.yil.

Elektronik kitap/rapor_ise: Yazar(lar)in soyadi, adimin bas harfi veya kitap/raporu yayimlayan kurum veya
kurulusun adi, varsa yayinlandig yil, konunun tam adi, Erisim Tarihi: gin.ay.yil.
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