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Abstract

In this study, a fuzzy logic model was constituted by using the Fuzzy Logic (FL) method, which is one of the traditional
artificial intelligence (Al) methods, in order to estimate the shear strength of reinforced concrete (RC) beams with
limited ductility. In this model, beam width(by), beam height(h), characteristic concrete compressive strength(fe),
transverse reinforcement diameter(¢r), the number of arms bearing the shear force of the transverse reinforcement(n)
and transverse reinforcement spacing(s) were taken into account as variable parameters. The model developed by using
the problem data containing the solutions of shear force strength of 2640 beams with different cross-section properties
were tested with 480 beam solutions different from these data. In the tests of the developed FL model, maximum
percentage error, minimum percentage error, average percentage error and correlation coefficient values were obtained
as 3.604, -0.091, 1.514 and R?=0.999678. By applying the fuzzy inverse logic method (FIL), which was recently
developed by the author of this study, on the FL. model, which is seen to have been developed quite sensitively from the
test results, a total of 521 designs were obtained for 15 different RC beams with limited ductility subjected to shear. In
order to check the accuracy of these designs, after shear strengths were obtained by conventional computations for these
designs, % error and correlation coefficients were computed between the obtained strength values and the shear force
values taken into account for the design. The promising results show that the FIL method can be used in the design of
RC beams under shear force and even in other scientific studies such as design, optimization and control.

Keywords: Artificial intelligence, Fuzzy logic, Fuzzy inverse logic, Inverse logic, Reinforced concrete beam, Shear
design

Oz

Bu calismada, siinekligi simirlt betonarme kirislerin kesme dayammini tahmin etmek igin geleneksel yapay zekd
yontemlerinden biri olan Bulanik mantik (BM) yéntemi kullanilarak bir bulanik mantik modeli olugturulmustur. Bu
modelde kirig genisligi(by), kiris yiiksekligi(h), karakteristik beton basing dayanimi(fa), enine donati ¢api(I'lT), enine
donatimin kesme kuvvetini tasiyan kol sayisi(n) ve enine donati araligi(s) degisken parametreler olarak dikkate
almnustir. Farkly kesit ozelliklerine sahip 2640 kirigsin kesme kuvveti dayanumi ¢oziimlerini iceren problem verileri
kullanilarak gelistivilen model, bu verilerden farkli olarak 480 kiris ¢oziimii ile test edilmistir. Gelistirilen bulanik
mantik modelinin testlerinde maksimum yiizde hata, minimum yiizde hata, ortalama yiizde hata ve korelasyon katsay
degerleri 3.604, -0.091, 1.514 ve R?=0.999678 olarak elde edilmistir. Bu calismanin yazari tarafindan yakin zamanda
gelistirilen bulanik ters mantik (BTM) yontemi, test sonuglarindan oldukca hassas bir sekilde gelistirildigi goriilen
bulanik mantik modeli iizerinde uygulanarak, kesme kuvveti etkisindeki 15 adet sinirli siineklige sahip farkli betonarme
kiris igin toplam 521 tasarum elde edilmistiv. Bu tasarimlarin dogrulugunu kontrol etmek i¢in, bu tasarimlar igin
geleneksel hesaplamalarla kesme dayamimlar: elde edildikten sonra, elde edilen dayanim degerleri ile tasarim igin
dikkate alinan kesme kuvveti degerleri arasinda % hata ve korelasyon katsayilari hesaplanmistir. Elde edilen umut
verici sonuglar, bulanik ters mantik yonteminin kesme kuvveti etkisi altindaki betonarme kiriglerin tasariminda ve diger
bilimsel alanlardaki tasarim, optimizasyon ve kontrol ¢alismalarinda da kullanilabilecegini gostermigtir.

Anahtar kelimeler: Betonarme kiris, Bulanitk mantik, Bulanik ters mantik, Kesme tasarumi, Ters mantik, Yapay zekd
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1. Introduction

Today, Al has been the subject of many successful applications in the field of civil engineering as well as in
many scientific fields. Al methods, which process numerical data previously obtained from experiments or
collected from various sources with their own algorithms, are widely used today in estimation, evaluation
and classification problems in general. FL is an Al method (Zadeh, 1965, 1973, 1975; Mamdani, 1975, 1976)
in which the inferences that people make in the face of various cases related to the knowledge and
experience they have acquired are converted into algorithms mathematically and graphically.

Some of the studies carried out recently with FL for the estimation of a certain parameter in civil
engineering field are about prediction of concrete elements behavior (Naderpour et al., 2019), sensitivity
analysis for capacity estimation of FRP strengthened circular RC columns (Uzunoglu & Kap, 2012),
prediction of concrete compressive strength in buildings (Tekeli et al., 2014), comparison of critical column
buckling load in regression (Mirrashid & Naderpour, 2020), estimation of compressive strength of masonry
made of clay bricks and cement mortar (Garzén-Roca et al., 2013), determination of inelastic displacement
ratios of degrading RC structures (Ozkul et al., 2014), predicting the lateral confinement coefficient for RC
columns wrapped with carbon fiber reinforced polymer (CFRP) (Doran et al., 2015), estimate shear
contribution of fiber reinforced polymer (FRP) in strengthened RC beams (Naderpour & Alavi, 2017),
prediction of bond strength of spliced steel bars in concrete (Golafshani et al., 2012), automated
serviceability prediction of NSM strengthened structure (Ud Darain et al. 2015), prediction of shear strength
of RC beams (Amani & Moeini, 2012), downtime estimation of building structures (De luliis et al., 2019).
Some of the studies in which the FL method is used for evaluation purposes in civil engineering problems
are: post-earthquake assessment of buildings damage (Allali et al., 2018), evaluation and monitoring of
impact resistance of FRC (Cao et al., 2021), rapid visual earthquake hazard evaluation of existing buildings
(Sen, 2010), building earthquake hazard assessment (Sen, 2011), rapid evaluation of earthquake hazard
safety of existing buildings (Harirchian & Lahmer, 2020). Finally, as examples of some recent FL studies for
classification purposes in the field of civil engineering, the studies about computational parameter
identification of strongest influence on the shear resistance of RC beams by fiber reinforcement polymer
(Cao et al., 2020), real-time strength monitoring for concrete structures (Choi et al., 2018), recognition model
for diagnosing cracks in RC structures (Chao & Cheng, 1998), classification of seismic damages in buildings
(Elenas et al., 2013), parameters ranking based on influence on dynamical strength of ultra-high performance
concrete (Cukaric et al., 2019), identification of multiple cracks on beam (Govardhan et al. 2021), responses
of isolated building with MR Dampers (Khoshnoudian & Molavi-Tabrizi, 2012), optimal semi-active
structural control (Zabihi-Samani & Ghanooni-Bagha, 2019), selection of slab formwork system (Elbeltagi et
al., 2011) , seismic design of RC bridge piers with single-column type (Sung & Su, 2010), FL design
approach for a singly RC beam (Akintunde , 2021) and etc. are shown. In addition to the studies carried out
for these three purposes (estimation, evaluation and classification), design studies are the most important
research and study subject in the field of civil engineering as in all engineering fields.

As can be seen from the technical literature, there is almost no design study with Al in all scientific fields.
Although the word "design™ is mentioned in the title of some studies, the content of these studies cannot fully
fill the meaning of the word "design™ in engineering disciplines. The main reason for this is that the basic
computation principles of Al methods. Generally, intermediate values can be produced in the range of
available data by the traditional Al methods and computation directions in these methods are from the input
parameter(s) toward the output parameter(s).

On the other hand, because of the input parameters are adjusted for a specific purpose or output in the design
studies, the computation directions should be from the output toward the input parameters. Therefore, it
cannot be possible to use traditional analytical methods and Al methods directly and in general, the trial and
error method is used together with these methods in design studies. However, after many trials, only a
design can be realized by traditional methods.

In the following parts of this study, after brief information about the FL method and computation details of
FIL methods were presented, shear strength calculation steps for RC beams with limited ductility according

to the Turkish Building Code (TS 500, 2000) and Turkish Earthquake Code (TBEC, 2018) provisions were
given. By using these codes, necessary data for an FL model aimed to be developed to estimate the shear
strength of RC beams with limited ductility was constituted. After the developed FL model was tested,
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designs of 15 different beams subjected to shear force by applying the 1D FIL method on this FL model were
performed and finally, obtained designs were checked by conventional shear strength computations. This
study is considered to be very important as it is one of the rare studies in which Al is applied to design
problems in the field of engineering.

2. Fuzzy logic (FL) method and fuzzy inverse logic (FIL) method
2.1. A brief information about fuzzy logic (FL)

The computation processes performed in the FL method can be summarized in 4 steps (See Figure 1). In the
first step, the known input and output data of the problem are fuzzified with the help of membership
functions. As the membership function, any function suitable for the problem or one of the most known and
preferred membership functions such as triangle, trapezoid, sigmoid, step functions, etc. can be used in the
fuzzification processes. In fuzzification processes, known net input and net output data are classified into
fuzzy sets. In this study, the triangular function is used as a membership function in the fuzzification
processes. The second important step of the FL method is the constitution of the rule matrix (table). In this
step, the rule matrix is constituted with fuzzy inferences corresponding to the combinations of fuzzy sets of
fuzzy input parameters. The third step, in which fuzzy outputs are calculated according to the rules in the
rule matrix with the FL inference engine, is followed by the last step in which the fuzzy outputs are
converted into net outputs with the help of the selected defuzzifier method. There are many defuzzifier
methods used in FL computations. In this study, the “Weighted Average Method” was used as the defuzzifier
method. Since many details about FL computations can be obtained from many books and articles in the
technical literature, they were not given in this study (Zadeh, 1965, 1973, 1975; Mamdani, 1975, 1976).

3
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Figure 1. Flowchart of fuzzy logic method

2.2. Fuzzy inverse logic (FIL)

The FIL method was developed by the author of this study in a way that is the same as the entire logical
infrastructure of the FL method, but the computational steps are in the opposite direction of the
computational direction in FL. As can be seen more clearly from Figure 2, in the FIL method, the values of
the input parameters for a targeted(desired) output are tried to be determined. In the development of the FIL
method, the author of this study inspired by the human's ability to infer backward.same earthquake zone, the
current map predicts earthquake parameters specific to each geographical location. The variation of the
seismicity elements according to the geographical location also directly affects the structural parameters to
be obtained from the earthquake data. With the current map, the concept of the earthquake zone has also
been removed. The representation on the current earthquake hazard map is shown in Figure 2.
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Figure 2. Flowchart of fuzzy inverse logic method

An FL model is needed for the FIL method to be applied. This model can be developed specifically for the
FIL method, or it can also be a previously developed FL model. The most important point to be emphasized
here again is that the FL model on which the FIL method is applied must be developed very well and/or
sensitively and the same defuzzifier method must be used in both FL and FIL methods. The computations
performed in FIL are explained in detail step by step below.

Step-1) A highly sensitive FL model is constituted or selected for FIL computations.

Step-2) The targeted (desired) output locations in the output data of the FL. model are determined depending
on the computation dimension.

Step-3) The fuzzy coordinates (valid fuzzy sets) of the investigated input parameters are computed in each
determined location.

Step-4) The net values of the input parameters are computed with the help of the membership functions of
the fuzzy sets of the input parameters,

Step-5) Net values of the input parameters are computed by using the inverse of the defuzzification method
depending on the computation dimension, and the conditional expressions in the rules.

In FIL computations, the number of computation dimensions can be as much as the maximum number of
input variables. However, computations performed in dimensions bigger than 1 are more difficult and more
complex and the accuracy of the computations decreases as the dimension increases. In other words, the
computations in which the easiest, most understandable and most sensitive solutions are produced are the 1-
dimensional (1D) computations in the FIL method. The sensitivity of the selected or constituted FL model is
very important in the problem where the FIL method will be applied. To put it another way, the sensitivity of
the FIL method depends entirely on the sensitivity of the FL method chosen or constituted. If the sensitivity
of the FL model is very good, the solutions in the FIL method will be more sensitive. Because the FIL
method uses all the data of the selected or constituted FL model as it is. In the application of the FIL method,
the sensitivity of the FL model becomes more important as the computation dimension increases. FIL
computations performed in a dimension bigger than 1, the amount of error increases exponentially as the
number of computation dimensions increases (Oztekin, 2021a, 2021b). For this reason, low-dimensional
computations are important in terms of the sensitivity of computations performed with the FIL method. In
addition, 1D FIL computations generate direct solutions without the need for any additional iterations, but
the number of solutions obtained is less than the bigger dimensions. However, it should be noted that the
number of solutions obtained by 1D FIL computations is quite satisfactory. In fact, sometimes the number of
solutions produced is so large that it becomes difficult to choose between them. For these reasons, solutions
obtained from 1D FIL computations are often enough. However, if more solutions are still needed, more
solutions can be obtained by FIL computations bigger than 1D. But, error amounts in these solutions will be
higher. Since the 1D FIL method is used in this study, the working principle and computation steps of the 1D
FIL method are tried to be given below in detail.
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3. 1D Fuzzy inverse logic computations

In each step of the 1D FIL method, only 1 of the input parameters of the problem is kept as a variable. Other
parameters are taken into account as constants. The values of the parameters kept constant may correspond to
the value of the fuzzy sets whose memberships correspond to 1 used in the rule base, or it can also be taken
as a different value. In other words, keeping a parameter constant may be required by a condition in the
problem. If the net value of an input parameter is different from the net values whose membership is 1 in the
fuzzy sets of that parameter, this value is fuzzified and added to the fuzzy sets of the relevant parameter.
Then, new outputs and new rules are constituted for all combinations of this new fuzzy set with the fuzzy
sets of other input parameters, and these rules are added to the rule base of the FL model. This operation is
not performed if the net value of the constant parameter (even if it results from a condition in the problem)
corresponds to the net value whose membership is 1 in any of its fuzzy sets. Considering the value of all

other input parameters except the variable parameter, the fuzzy output in the FL method consists of 2 fuzzy
sets as shown in Figure 3.

/.U(./\‘\) ",/ ‘\ Ainpul ‘,', 3
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/ \
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Figure 3. Fuzzy set (B;) for constant Y parameter, adjacent fuzzy sets (Ai, Ai+1) for the
variable X parameter and fuzzy O;; and Oj,+1 outputs

In the solution of a 2-variable problem by the FL method shown in Figure 3, when one of the problem
variables(Y=Binput) iS kept constant, a fuzzy output with 2 fuzzy sets is obtained depending on the value of
the other variable (X=Ainpu). These two fuzzy sets are consecutive to each other in the fuzzy set space of this
variable parameter. The next step in the FL method is to convert the fuzzy output to the net value with the

help of the selected defuzzifier method. In a problem where the Weighted Average Method is used as a
defuzzifier, the net output is computed by Equation 1.

ie1 OiHi
Onet = 2"1——1#1 1)
The relationship between the two consecutive fuzzy sets of Aj and Ai+1 given by the triangular membership
functions of the variable X in Figure 3 can be easily written as given in Equation 2. This relationship is valid
between the net values corresponding to membership 1 of two consecutive fuzzy sets. In this case, the Opet
value in Equation 1 can be written more simply as in Equation 3.

u(d) +ul4ip) =1 (2)
Onet = 0ji X peay + 0jiv1 X Heagyp) )
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In fuzzy models in which membership functions different from the triangular membership function are used,
Equation 2 should be revised by another valid relationship. As can be seen from these equations and Figure
3, when the Weighted Average Method is used as defuzziffier, the net output takes place between the net
values of O;;and Oj;+1. This may be different when other defuzziffer methods are used and the mathematical
equations should be revised according to the used defuzziffer.

If the smaller and bigger of those O;; and Oji+1 outputs in the above equations are called Os and Og,
respectively, in the computations made with the 1D FIL method, it is first investigated whether the targeted
or desired Op output is between these two values(Os and Og) as in Equation 4. For this, all fuzzy rules are
examined by comparing them for all possible constant values of the other parameters (net values
corresponding to membership value 1 of each fuzzy set in their fuzzy space) except the variable parameter.

0, < 0p < 0p (@))

For each case that satisfies Equation 4, there is a separate solution. In the next step, fuzzy coordinates are
determined for each separate solution. These coordinates are fuzzy sets of the variable parameter in rules that
output Os and Og in a separate solution. These fuzzy sets are called as valid fuzzy sets for a separate solution
in the FIL method. In each 1D-FIL solution, two consecutive sets for the variable parameter and 1 fuzzy set
for other constant parameters constitute valid sets for that solution. The net value of a constant parameter is
the value corresponding to the membership value 1 of the valid fuzzy set of these parameters. As an
example, the Binpue Value of variable X in Figure 4 can be shown. In obtaining the net value of the variable
parameter, the reverse of the computation process in the FL method is performed. That is, for the One: OUtput
in an FL model to be equal to the desired output Op, the right-hand side of Equation 3 is equalized to Op as
in Equation 5.

Op = 0ji-teap + 0jiv1-Heag, ) )
By using the membership relationship between two consecutive valid fuzzy sets belonging to the variable

parameter given in Equation 2, membership values of these two valid sets can be easily computed as in
Equations 6 and 7.

Op—0jit+1
= 6
Heap 0i=0ji+1 ©)
Op—0;,;
Ly =" 7
Hawn) = 5o, (7)

When Equation 6 and Equation 7 are used for each of the two fuzzy consecutive valid fuzzy sets such as A;
and Ai+1 constituted by a triangular membership function, 2 net inputs are obtained for each separate valid
fuzzy set as in Equation 8 and Equation 9. As seen in Figure 4 and given in Equation 10, the sought A input
value of variable X is equal to the common net input value of two valid consecutive sets.

Al
flx) = Haapy = X = { 12 (8)
A;
A1
fXiv1) = Wag) = X1 = {ALHZ ©)
i+1
Xnet = Aiz = Ai+11 (10)

4. Determining of shear strength of rectangular RC beams with limited ductility

In this study, shear strength estimations and designs of rectangular RC beams with limited ductility levels
were performed according to two regulations current in Turkey. The first of these regulations is
“Requirements for design and construction of RC structures (TS 500-2000) and the second is “Turkish
Building Earthquake code (TBDY-2018).
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Figure 4. Determination of membership degrees and of net input values in 1D FIL method.

In a beam with shear reinforcement, it is generally accepted that the shear effect caused by external loads is
beared by four different forces emerging inside the beam cross-section, as shown in Figure 5 (Dogangiin
2021).

These four internal forces are, the shear force beared by the concrete in the uncracked compression zone of
the beam cross-section(Vcc), the vertical component of the shear force on the surface of the cracks emerged
from the shear effect in the beam cross-section, (V.i), Shear force beared by the longitudinal reinforcement in
the tensile zone of the beam (V.4) and the force beared by the shear reinforcement is (Vw=2Fsu).

\
" T & Vot

Figure 5. Bearing of shear effect by internal forces emerging inside of the beam cross-section
(Dogangiin 2021).

The total shear force that the beam can beat can be determined by Equation 11.

Ve=Vee +Vei +Veg + 1, (11)
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In order to facilitate RC calculations and to provide additional safety, by ignoring of vertical component (Vi)
of the friction force occurring in the cracks in the section and the effect of the longitudinal reinforcement in
the tension region of the section (Vcq) and the relationship given in Equation 12 is used in general.

V=t (12)

In Equation 12, the shear force beared by the concrete cross-section is shown with the symbol “V.” and is
calculated with the help of Equation 13, Equation 14, Equation 15 and Equation 16 given below.

V. =08xV, (13)
Ve =0.65 X forqa X by, X d (14)
fota =222 (15)
fetre = 035 X /fck (16)

The relation given with Equation 14 is the cracking strength under the effect of shear in beams with
approximately zero axial force value in the Turkish Building Code [34]. The f«q calculated in Equation 15 is
the tensile strength of the concrete and is calculated by dividing the characteristic concrete tensile strength by
the material coefficient. In this study, the material coefficient for concrete is taken as ymc =1.5. Equation 16
is recommended in the Turkish Building Code [34] for the calculation of the characteristic tensile strength of
concrete. In Equation 16, fe is the characteristic concrete compressive strength. In addition to the equations
given above, in the Turkish Building Code [34], the requirement given in Equation 17 for the shear force
acting on the beam must be met in order to prevent the crushing of the concrete due to high principal
compressive stresses. If this requirement cannot be met, the cross-section dimensions should be increased.

V <085X%Xb, xdX.fex (17)

The parameter shown by the symbol d in Equation 17 is the effective height of the beam and is obtained by
subtracting the concrete cover thickness from the section height. The part of the shear force beared by the
shear reinforcement, Vy, is calculated with the equation given in Equation 18.

V. = AswXSywaxd (18)
—

N

Asw in Equation 18 is the area of shear reinforcement. Since the area of the shear reinforcement varies
depending on the number of stirrup arms, the number of stirrup arms must be taken into account in the
calculations. Accordingly, the area to be used in the shear strength calculations of a stirrup with ¢ cross-
section diameter with n number of arms can be calculated with Equation 19. The s and fywq parameters in
Equation 18 are the distance between stirrups and the yield strength of the shear reinforcement respectively.
The fywg parameter is calculated by dividing of characteristic yield strength of the shear reinforcement by the
material coefficient (yms =1.15).

2
Agy = nx 2% (19)
5. Development of an FL model to estimate the shear strength of rectangular RC beams

In this study, after an FL model was developed for the estimation of the shear strength of rectangular RC
beams with limited ductility, this model was used to perform the designs of different beams under different
shear forces by using the 1D FIL method. For this purpose, beam width (b.), beam height (h), characteristic
concrete strength (fe), transverse reinforcement diameter (¢#r), number of stirrup arms (n) and stirrup spacing
(s) were taken into account as variable parameters. In the calculations, the net concrete cover, the
longitudinal reinforcement diameter and the characteristic yield strength of the transverse reinforcement are
kept constant as 25 mm, 14mm and 420 MPa respectively. In the constitution of the FL model; 3,4, 2, 2, 4
and 11 fuzzy sets were defined for beam width (by), beam height (h), characteristic concrete compressive
strength (fu), transverse reinforcement diameter (¢r), number of stirrup arms (n) and stirrup spacing(s)
respectively. These fuzzy sets are given in Table 1 in detail.
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The fuzzy sets of the input parameters of the problem in this study were constituted by using triangular
membership functions. These constituted fuzzy sets are shown in Figure 6, Figure 7, Figure 8, Figure 9,
Figure 10 and Figure 11 for b, h, fe, ¢r, n and s, respectively. For all combinations of all these fuzzy sets
belonging to the input parameters of the problem, 2640 conventional shear strength computations were
made. By using 1673 different results obtained from these computations, fuzzy sets belonging to the output
parameter V, were constituted. Since showing 1673 fuzzy sets with triangular membership functions could
not be possible in this study, they could not be presented. 2640 rules were constituted for 2640 input
parameter combinations. In these constituted rules, the term "AND™ was used as the condition term. The
general expression used to constitute the rule in this study is given in Equation 20. In addition to all these,
the “Weighted Average Method”, whose mathematical expression is given by Equation 1, was used as the
defuzzifier method in the developed FL model.

if b={b};and h = {h}j and foe = {forde and @7 = {@r}, andn = {n}p and
s = {sh thenV, = {V;}s (20)

Table 1. Fuzzy sets used in the development of FL model

Input Parameters Fuzzy Sets
bw (mm) 200, 300, 400
h (mm) 300, 400, 500, 600
fa (MPa) 20, 25, 30, 40, 50
¢r (mm) 8,10
n 2,4
s 50, 75, 100,125 150,175, 200,225, 250,275, 300
~ 1
< 08 /
0.6
0.4
0.2
0
200 300 400

bw (mm)

Figure 6. Fuzzy sets constituted for beam width (bw)
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Figure 7. Fuzzy sets constituted for beam height (h)
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Figure 8. Fuzzy sets constituted for characteristic concrete compressive strength(fe)
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Figure 9. Fuzzy sets constituted for transverse reinforcement diameter (¢r)
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Figure 10. Fuzzy sets constituted for transverse reinforcement arm number (n)
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Figure 11. Fuzzy sets constituted for transverse reinforcement spacing (s)
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6. Validation of the FL model

In this study, 480 beam sections different from 2640 different RC beam sections used in the constitution of
the FL model were used to determine whether the FL model constituted for the estimation of the shear
strength of RC beams with limited ductility produces correct results and to understand the sensitivity of the
results produced. It is a common view in the literature that in validation processes, the number of tests should
be at least 10% of the number of samples that constitute the model. In this study, the number of tests is more
than 18% of the 2640 samples that constitute the data of the FL model. This shows that the number of tests
used in the validation processes in this study is sufficient.

In the test computations, completely different values were used for the by, h, fc and s input parameters from
the values used in the constitution of the fuzzy model and given in Table 1. The same values in Table 1 were
used for the diameter of transverse reinforcement (' '7), and the values given in Table 2 for the number of
transverse reinforcement arms (n) were used.

After the shear strengths of 480 beam sections, which are different from the beam sections used in the
constitution of the FL model, were estimated with the developed FL model, these outputs were compared
with the conventionally computed shear strengths for the same beam sections to determine the accuracy and
sensitivity of the FL outputs. For comparisons, the formula of % error given by Equation 21 was used.

Table 2. Input parameter values used in testing phase of the FL model

Input Parameters Fuzzy Sets

bw (mm) 250, 350

h (mm) 350, 450, 550, 650, 750
fa (MPa) 23, 28, 35, 45

¢r (mm) 8,10

n 2,3,4

S 60, 90, 125, 225, 275

VTFL_VrConventionally

% error = x 100 (21)

yrConventionally

As a result of the error computations performed with the help of Equation 21, it was determined that the FL
model constituted in this study could estimate the shear strength of RC beams with a maximum % 3.452
error and minimum % -1.046 error. When these error amounts and the assumptions made in the RC
calculations are considered together, it is understood that the FL estimations are quite successful. In addition
to error computations, statistical correlation computations between these two results were also performed in
order to demonstrate the agreement between conventional results and FL estimations. As a result of the
statistical correlation computations performed, the correlation coefficient was determined as R>=0.999476 in
the distribution seen in Figure 12. As a result, it has been statistically demonstrated that the estimations
obtained by the FL method are in good agreement with the conventional computation results.

7. Designs of rectangular RC beams subjected shear forces by FIL method

In order to perform designs of RC beams with limited ductility, the FL model constituted as above to
estimate the shear strength of these beams and the data of this model were used in the FIL method in this
study. In order to demonstrate the effectiveness of the FIL method, 15 different RC beam design problems
are discussed. In Table 3, the values known or required to be taken before the design for the parameters
related to these problems and the shear strength values targeted (desired shear strength) in the designs are
given together. Targeted (desired) shear strength values were chosen as randomly and as different from each
other in such a way that they remain within the value space of the output parameter of the FL model. The
values shown with the question mark in Table 3 represent the values investigated in the designs for the
relevant input parameter or design parameter. Other numerical data show the values of the design parameters
that must be taken as mandatory and are limited by factors such as architectural, constructive, etc. before the

11
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design. In order to test whether the FIL method will produce sensitive results in as many different situations
as possible, 15 different beam design problems that are subject to shear were considered in this study.
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Figure 12. Correlation between FL estimations and conventional computation results

Table 3. Rectangular RC beam problems to be designed using the 1D FIL method

Problem ID bw h fok oT n S Vr (kN)
1 ? ? ? ? ? ? 999.9
2 550 ? ? ? ? 1222
3 : ? 33 ? ? ? 5155
4 288 555 ? ? ? ? 700.7
5 275 412 28 ? ? ? 450.0
6 600 25 ? ? ? 355.9
7 ? 10 2 ? 643.2
8 : ? : 8 4 130 3375
9 366 495 41 3 ? 867.6

10 220 350 22 ? 2 255 100.8
11 200 300 20 ? ? 177 1234
12 ? ? ? 10 ? ? 1323.1
13 : 8 2 300 70.0
14 : : 50 ? ? 70 1100
15 205 302 ? 10 2 280 90

In this study, three different codes were written in visual basic coding language for the FL method, FIL
method and conventional shear strength computations. The data prepared for use in the FL method with
conventional Shear strength computations were used directly in the program written for the FIL method
without making any changes at this data.

8. Findings and evaluations

After the designs of 15 different RC beams in Table 3 were determined by the FIL method, the maximum
shear strengths (V) that these designs could bear were determined by conventional RC beam computations to
check the accuracy and the sensitivity of these designs. In addition to these, max, min, mean, absolute max
and absolute min percentage error computations were made with the help of Equation 21 between the

12
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targeted shear strengths and the strengths determined by conventional RC beam computations. All these
values for each problem were given in Table 4 together with the number of solutions.

As can be seen from Table 4, the maximum absolute error value determined in a total of 521 designs in 15
different problems is 5.523%. This error value is an acceptable and reasonable error considering the
maximum error value of % error 3.452 in the FL model and the assumptions taken into account in the RC
calculations. The biggest standard deviations in Table 4 were obtained as 11.28 kN, 12.24 kN, 11.23 kN and
15.75 kN, in problems 1, 2, 9 and 12 respectively, where the Vqvalue is relatively bigger. The largest number
of designs were obtained in the 1%, 3" and 6™ problems as 122, 129 and 61 respectively. Obtaining a large
number of designs in such problems depends on the number and the attributes of the data in the FL model
and the number of variable parameters investigated. In general, as the number of variable parameters whose
values are investigated increases, the number of designs also increases. In this case, while it is expected that
the number of designs obtained in Problem 1 will be greater than that in Problem 3, the highest number of
designs from this study was obtained in Problem 3. The reason for this is related to the distribution of the
data used in the FL model. In other words, this is an indication that the number of outputs close to 515.5 kN
in the FL model is more than the number of outputs close to 999.9 kN.

Table 4. The mean, standard deviation of V, values of 1D FIL designs and percentage errors between V,
and Vq values in each problem

Design V4 Vr (kN) % Error % absolute error
Problem ID Numbers  (kN) _ )

Mean Std. Dev. Max Min Mean  Maximum Mean

1 122 999.9 992.27 11.28 0.025 -3.538 -0.763 3.538 0.764
2 44 1222.0 1213.43 12.24 1.197 -4.172 -0.701 4.172 0.793
3 129 515.5 513.16 4.49 0192 -3.707 -0.453 3.707 0.516
4 35 700.7 699.76 7.784 0.717 -2.972 -0.134 2.972 0.799
5 9 450.0 435.75 4,105 -2.407 -5.523 -3.168 5.523 3.168
6 61 355.9 354.98 1.241 0.099 -1.231 -0.258 1.231 0.272
7 39 643.2 635.44 9.351 0.137 -3.459 -1.206 3.458 1.246
8 21 3375 336.18 0.208 -0.287 -0.595 -0.392 0.595 0.392
9 2 867.6 883.97 11.23 2.272 1.501 1.886 2.272 1.886
10 100.8 97.59 -3.184 -3.184 -3.184 -3.184 3.184 3.184
11 123.4 123.29 0.065 -0.034 -0.139 -0.086 0.139 0.086
12 44 1323.1 1314.85 15.75 2115  -3.269 -0.623 3.270 0.792
13 7 70.0 69.44 0.23 -0.347 -1.233  -0.799 1.233 0.799
14 4 1100 1069.34 2.46 -2451  -3.077 -2.787 3.077 2.787
15 1 90 87.291 0 -3.010 -3.010 -3.010 3.010 3.010

All of the designs obtained for each problem are given in Table 5-19, respectively. As can be seen in these
tables, the number of stirrup arms, which should be an integer in practice, was obtained as a real number in
some designs by 1D-FIL computations. In this study, the results are given directly in the tables without any
rounding. Controls made with conventional RC computations were performed with these real numbers. In
practice, the values of parameters such as the number of stirrups and the number of reinforcements are used
by rounding them up. The same is true for classical designs. In fact, rounding operations need to be done in a
way that increases the security of the design. For example, for the stirrup spacing, the rounding must be done
downwards for the safety of the design. Rounding also causes the error amounts to vary. Considering the
smallness of the errors (error <~5.523%) in all designs and the assumptions and approaches in RC
calculations, all designs become more reliable without losing their applicability by rounding the values of the
design parameters given in Table 5-19 to a practically usable number. It should be noted here again that these
results are the design results obtained by the 1D FIL method. Realization of many more designs different
from these is possible with 2D, 3D..., n(D) FIL computations.

The bold values of the design parameters given in Table 5-19 show the parameter considered as a variable
for the relevant design in the 1D FIL method. The values given in italics in the last column of each design
show the shear strengths obtained by conventional strength computations of the designs determined by 1D
FIL.

13
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Table 5. Beam designs under 999.9 kN shear force by the 1D FIL method for Problem-1

No b h fox or n s V™ (kN) No b h fox n s v con
(mm) (mm) (MPa) (mm) (mm) (mm) mm)  (MPa) (mm) (mm) (kN)

1 200 458052 20 10 4 50 999.879 62 400 500 30 10 3342 50  999.937
2 200 455836 25 10 4 50  999.854 63 400 500 30 10 4 62332 964.800
3 200 453871 30 10 4 50 999.877 64 400 598831 30 10 4 75 999.871
4 200 450408 40 10 4 50  999.867 65 400 500 40 8977 4 50 989.753
5 200 447426 50 10 4 50  999.910 66 400 500 40 10 3270 50  999.872
6 200 500 20 9463 4 50 991.944 67 400 500 40 10 4 63677 965.828
7 300 600 30 8288 4 50 993.761 68 400 5863909 40 10 4 75 999.921
8 300 600 30 10 2776 50  999.890 69 400 591.8874 50 8 4 50  999.914
9 300 600 30 10 4 72950 988.878 70 400 500 50 8888 4 50  989.905
10 394340 600 30 10 4 75 999.872 71 400 500 50 10 3207 50  999.866
11 300 600 40 8212 4 50 995.145 72 400 500 50 10 4 64862 967.353
12 300 600 40 10 2722 50  999.899 73 300 445719 25 10 4 50  999.902
13 200 500 20 10 3616 50  999.891 74 300 442903 30 10 4 50  999.892
14 200 500 20 10 4 57.194 968.497 75 300 438020 40 10 4 50  999.927
15 200 500 25 9431 4 50 991634 76 300 433777 50 10 4 50  999.861
16 200 500 25 10 3594 50  999.858 77 300 500 20 9330 4 50 990935
17 2000 500 25 10 4 57.613 967.683 78 300 500 20 10 3522 50  999.943
18 200 500 30 9403 4 50 991406 79 300 500 20 10 4 58964 965.769
19 200 500 30 10 3574 50  999.862 80 300 500 25 9283 4 50  990.620
20 200 500 30 10 4 57.991 967.039 81 300 500 25 10 3488 50  999.944
21 200 500 40 9353 4 50 991020 82 300 500 25 10 4 59592 965.177
22 200 500 40 10 3538 50  999.879 83 300 500 30 9241 4 50  990.361
23 200 500 40 10 4 58662 966.097 84 300 500 30 10 3458 50  999.900
24 200 500 50 9308 4 50 990.733 85 300 500 30 10 4 60.163 964.765
25 200 500 50 10 3506 50  999.876 86 300 500 40 9165 4 50  990.060
26 200 500 50 10 4 59.254 965.441 87 300 500 40 10 3404 50  999.926
27 200 600 20 8510 4 50  990.467 88 300 500 40 10 4 61169 964.522
28 200 600 20 10 2934 50  999.899 89 300 500 50 9098 4 50  980.848
29 200 600 20 10 4 69.980 975.430 90 300 500 50 10 3357 50  999.871
30 200 600 25 8478 4 50  990.829 91 300 500 50 10 4 62058 964.665
31 200 600 25 10 2912 50  999.901 92 300 600 20 8377 4 50  992.285
32 200 600 25 10 4 70397 977.159 93 300 600 20 10 2840 50  999.876
33 200 600 30 8450 4 50  991.208 94 300 600 20 10 4 71755 983.079
34 200 600 30 10 2892 50  999.908 95 300 600 25 8330 4 50  993.011
35 200 600 30 10 4 70777 978.742 96 300 600 25 10 2806 50  999.897
36 200 600 40 8400 4 50  991.930 97 300 600 25 10 4 72382 986.074
37 200 600 40 10 2856 50  999.881 98 400 5758676 50 10 4 75 999.935
38 200 600 40 10 4 71450 981.688 99 400 600 20 8244 4 50  994.544
39 200 600 50 835 4 50  992.650 100 400 600 20 10 2745 50  999.916
40 200 600 50 10 2.824 50  999.889 101 400 600 20 10 4 73530 991.820
41 200 600 50 10 4 72042 984.438 102 400 600 25 8182 4 50  995.809
42 300 44881 20 10 4 50 999915 103 400 600 25 10 2701 50  999.912
43 300 600 40 10 4 73.957 994.133 104 400 600 25 10 4 74362 996.375
44 341589 600 40 10 4 75  999.907 105 400 600  29.192 10 4 75 999.961
45 369375 600 50 8 4 50 999.899 106 400 600 30 8125 4 50  996.979
46 300 600 50 8146 4 50 996512 107 400 600 30 998 4 75 999.645
47 300 600 50 10 2675 50  999.861 108 400 600 30 10 2660 50  999.871
48 300 600 50 10 4 74.848 998.998 109 400 600 30 10 399 75  999.871
49 305439 600 50 10 4 75  999.865 110 400 600 30 10 4 75246 999.180
50 400 440088 20 10 4 50  999.907 111 400 600 42759 8 4 50  1000.152
51 400 436066 25 10 4 50  999.902 112 400 600 40 8024 4 50  999.322
52 400 4325 30 10 4 50 999.897 113 400 600 40 983 4 75 997.425
53 400 426326 40 10 4 50  999.893 114 400 600 40 10 2589 50  999.917
54 400 421039 50 10 4 50 999.870 115 400 600 40 10 3883 75  999.917
55 400 500 20 9197 4 50  990.179 116 400 600 40 10 4 77.929 992.836
56 400 500 20 10 3427 50  999.896 117 400 600 50 8 3929 50  999.912
57 400 500 20 10 4 60741 964.548 118 400 600 5 8 4 51341 993135
58 400 500 25 9135 4 50  989.980 119 400 600 50 9703 4 75 995747
59 400 500 25 10 3383 50  999.929 120 400 600 50 10 2525 50  999.907
60 400 500 25 10 4 61576 964.549 121 400 600 50 10 3788 75  999.933
61 400 500 30 9.078 4 50  989.885 122 400 600 50 10 4 80.295 988.840
Table 6. Beam designs under 1222 kN shear force by the 1D FIL method for Problem-2

No b h fox NS v con: No b h fou s v Con

(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)

1 257240 550 20 10 4 50  1236.630 23 200 550 50 10 4 52001 1208.034
2 200 550 24365 10 4 50 1226571 24 300 550 20 9874 4 50  1219.536
3 200 550 25 9975 4 50 1221673 25 300 550 20 10 3910 50 1222146
4 200 550 25 10 3982 50  1222.224 26 300 550 20 10 4 51695 1210.205
5 200 550 25 10 4 50330 1219.708 27 300 550 25 9820 4 50  1217.083
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Table 6. Continuing

6 200 550 30 9938 4 50  1218.891 28 300 550 25 10 3871 50 1220682
7 200 550 30 10 3955 50  1220.246 29 300 550 25 10 4 52410 1204569
8 200 550 30 10 4 50837 1214.040 30 300 550 30 9784 4 50  1217.649
9 200 550 40 9906 4 50  1222.098 31 300 550 30 10 3845 50  1221.906
10 300 550 30 10 4 52890 1203314 32 400 550 20 10 4 53437 1201.012
11 300 550 40 9709 4 50  1216.459 33 400 550 25 9676 4 50 1215461
12 300 550 40 10 3792 50 1222110 34 400 550 25 10 3768 50  1221.482
13 300 550 40 10 4 53.894 1198443 35 400 550 25 10 4 54341 1195877
14 300 550 50 9646 4 50 1216.295 36 400 550 30 9597 4 50  1209.710
15 300 550 50 10 3748 50 1223147 37 400 550 30 10 3711 50 1216.484
16 300 550 50 10 4 54736 1195608 38 400 550 30 10 4 55429 1186582
17 400 550 20 9745 4 50 1217.880 39 400 550 40 9526 4 50  1214.843
18 400 550 20 10 3.818 50  1222.848 40 400 550 40 10 3662 50 1223020
19 200 550 40 10 3933 50  1224.107 41 400 550 40 10 4 56425 1188.908
20 200 550 40 10 4 51260 1215024 42 400 550 50 9370 4 50  1199.256
21 200 550 50 9850 4 50 1218611 43 400 550 50 10 3547 50  1207.940
22 200 550 50 10 3.893 50  1221.742 44 400 550 50 10 4 58480 1171.017

Table 7. Beam designs under 515.5 kN shear force by the 1D FIL method for Problem-3
No b h fex s Vcon. No b h fo s V,con

(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) n (mm) (kN)

1 200 360608 33 8 4 50 515546 50 300 572142 33 10 2 75  516.364
2 200 300 33 8926 4 50 509.730 51 300 500 33 10 2398 75 515864
3 2000 300 33 10 3237 50 515033 52 300 500 33 10 3196 100 515591
4 2000 300 33 10 4 64293 496.390 53 300 500 33 10 3992 125 515291
5 200 350.965 33 10 4 75 515731 54 300 500 33 10 4 125310 515123
6 200 400 33 8 3520 50 515502 55 300 572142 33 10 4 150  516.364
7 200 400 33 8 4 59018 498.107 56 300 600 33 8 2 52372 509.686
8 200 400 33 9159 4 75 510483 57 300 600 33 9646 2 75 514120
9 200 442511 33 10 2 50 515364 58 300 600 33 8 2912 75 516317
10 200 400 33 10 2266 50 515317 59 300 600 33 8 3873 100 515232
11 200 400 33 10 3403 75 515848 60 300 600 33 8 4 103954 512,673
12 200 400 33 10 4 89.973 506.437 61 300 600 33 8762 4 125  510.995
13 200 442511 33 10 4 100 515.364 62 300 600 33 9646 4 150  514.120
14 200 500 33 9212 2 50 510.671 63 300 600 33 10 2 81370 510.084
15 200 500 33 8 2672 50 515375 64 300 600 33 10 2491 100 515427
16 200 500 33 8 4 74818 515600 65 300 600 33 10 3116 125 515655
17 204959 500 33 8 4 75 516,093 66 300 600 33 10 3747 150  516.490
18 200 501471 33 8 4 75 516149 67 300 600 33 10 4 161146 513.977
19 200 500 33 8013 4 75 515963 68 384985 600 33 10 4 175 515577
20 200 500 33 9212 4 100 510.671 69 400 335046 33 8 4 50 515572
21 200 500 33 10 2 60534 497.895 70 400 300 33 8578 4 50  510.357
22 200 500 33 10 2577 75 515201 71 400 300 33 10 2991 50  514.681
23 200 500 33 10 3438 100 515526 72 400 300 33 10 4 68869 501.762
24 200 500 33 10 4 117.453 511.253 73 400 327126 33 10 4 75 515685
25 297335 500 33 10 4 125 515312 74 400 400 33 8 3143 50 515858
26 200 530312 33 10 4 125 516.289 75 400 400 33 8 4 66.059 500.548
27 267171 600 33 8 2 50 515499 76 400 449743 33 8 4 75 515411
28 200 600 33 823 2 50 513436 77 400 400 33 8649 4 75 511428
29 200 600 33 8 2130 50 516.096 78 400 404001 33 10 2 50  516.274
30 200 600 33 8 3194 75 515833 79 400 400 33 10 2028 50 516.255
31 200 600 33 8 4 95116 510.39% 80 400 400 33 10 3040 75 515981
32 267171 600 33 8 4 100 515499 81 400 400 3B 10 4 98961 514.881
33 200 600 33 8234 4 100 513436 82 400 404001 33 10 4 100  516.274
34 200 600 33 9192 4 125 511.329 83 400 472561 33 10 4 125  515.250
35 200 600 33 10 2 73711 512070 84 400 549591 33 8 2 50 516275
36 229060 600 33 10 2 75 515908 85 400 500 33 8537 2 50 512263
37 200 600 33 10 2052 75 515.633 86 400 500 33 8 2297 50 516170
38 200 600 33 10 2734 100 515351 87 400 500 33 8 343 75 515119
39 200 600 33 10 3424 125 516220 88 400 500 33 8 4 88998 507.791
40 200 600 33 10 4 146738 514.093 89 400 549591 33 8 4 100  516.275
41 229060 600 33 10 4 150 515908 90 400 500 33 8537 4 100  512.263
42 300 347164 33 8 4 50 515338 91 400 500 33 9560 4 125  512.403
43 300 300 33 8754 4 50 510.135 92 400 500 33 10 2 69.588 505.264
44 300 300 33 10 3118 50 515442 93 400 536193 33 10 2 75 515795
45 300 300 33 10 4 66523 498.940 94 400 500 33 10 2214 75 515483
46 300 338599 33 10 4 75 515761 95 400 500 33 10 2958 100 516.289
47 300 400 33 8 3331 50 515531 96 400 500 33 10 3687 125 515188
48 300 400 33 8 4 62540 497.969 97 400 500 33 10 4 136671 512.185
49 300 473564 33 8 4 75 515155 98 400 536193 33 10 4 150  515.795
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Table 7. Continuing

No b h fo g s v Conv. No b h fo N s v, o
(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)
99 300 400 33 8905 4 75  510.685 115 400 593687 33 10 4 175 515519
100 300 422150 33 10 2 50  515.660 116 400 600 33 8 2 59322 502.725
101 300 400 33 10 2146 50 515673 117 400 600 33 9125 2 75 511801
102 300 400 33 10 3220 75 515799 118 400 600 33 8 2625 75 515954
103 300 400 33 10 4 94495 509.545 119 400 600 33 8 3503 100 516.277
104 300 422150 33 10 4 100 515.660 120 400 600 33 8 4 115591 511.881
105 300 499.226 33 10 4 125 515201 121 400 600 33 8337 4 125  513.058
106 300 586.164 33 8 2 50  515.260 122 400 600 33 9125 4 150  511.801
107 300 500 33 8871 2 50 510596 123 400 600 33 9909 4 175  514.903
108 300 500 33 8 248 50 515897 124 400 600 33 10 2 90620 508.820
109 300 500 33 8 3720 75 515067 125 400 600 33 10 2250 100 515.666
110 300 500 33 8 4 81980 508.222 126 400 600 33 10 2814 125 515848
111 300 586164 33 8 4 100 515260 127 400 600 33 10 3377 150 515.863
112 300 500 33 8871 4 100 510.59 128 400 600 33 10 3935 175 515516
113 300 500 33 9988 4 125 515197 129 400 600 33 10 4 178224 514.800
114 300 500 33 10 2 65068 499.573
Table 8. Beam designs under 700.7 kN shear force by the 1D FIL method for Problem-4
No b h fex ér s V,con No b h fex s V,Con
(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) n (mm) (kN)
1 288 555 20 8 3303 50  705.046 19 288 555 40 8 3125 50  704.695
2 288 555 20 8 4 63.093 679.873 20 288 555 40 8 4 66376 683.556
3 288 555 20 8852 4 75  696.633 21 288 555 40 8622 4 75  698.673
4 288 555 20 10 2125 50 705577 22 288 555 42051 10 2 50  704.844
5 288 555 20 10 3180 75  704.022 23 288 555 40 10 2008 50  704.458
6 288 555 20 10 4 95395 697.178 24 288 555 40 10 3017 75 705311
7 288 555 25 8 3248 50 704219 25 288 555 40 10 4 99.683 703.844
8 288 555 25 8 4 64103 679.926 26 288 555 42051 10 4 100 704.844
9 288 555 25 8783 4 75  696.727 27 288 555 50 9.908 2 50  704.715
10 288 555 25 10 2086 50  703.636 28 288 555 50 8 3054 50  704.707
11 288 555 25 10 3132 75 704121 29 288 555 50 8 4  67.688 685948
12 288 555 25 10 4 96.757 697.959 30 288 555 50 8527 4 75 699.444
13 288 555 30 8 3204 50  704.395 31 288 555 50 9908 4 100 704715
14 288 555 30 8 4 64920 681.087 32 288 555 50 10 2 51227 701.252
15 288 555 30 8727 4 75  697.635 33 288 555 50 10 2948 75  705.061
16 288 555 30 10 2059 50  704.048 34 288 555 50 10 3935 100  705.724
17 288 555 30 10 3.093 75  704.965 35 288 555 50 10 4 102,056 702.812
18 288 555 30 10 4 97.787 700.106
Table 9. Beam designs under 450 kN shear force by the 1D FIL method for Problem-5
No b h fe n S VrCOnv. No b h fe S Vrconv.
(mm)  (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)
1 275 412 28 9327 2 50 435440 6 275 412 28 10 2 58991 425147
2 275 412 28 8 2735 50  439.168 7 275 412 28 10 2640 75 438881
3 275 412 28 8 4 73751 436.069 8 2715 412 28 10 3521 100  439.007
4 275 412 28 8090 4 75  438.052 9 2715 412 28 10 4 114992 434506
5 275 412 28 9327 4 100  435.440
Table 10. Beam designs under 355.9 kN shear force by the 1D FIL method for Problem-6
No b h f N s Voo No b h fa . s v Con-
(mm) (mm) (MPa) (mm) (mm)  (kN) (mm) mm) (MPa) (mm) (mm) (kN)
1 2000 600 25 8 2 72506 351.520 4 300 600 25 9402 4 225 353479
2 240711 600 25 8 2 75 355921 5 300 600 25 9960 4 250  355.623
3 200 600 25 8180 2 75 354465 6 300 600 25 10 2 12607 355.474
7 2000 600 25 8 2100 75 355.821 35 300 600 25 10 238 150  356.057
8 200 600 25 9441 2 100 353413 36 300 600 25 10 2782 175  356.028
9 2000 600 25 8 2798 100 355.625 37 300 600 25 10 3178 200  355.869
10 200 600 25 8 3500 125 355.764 38 300 600 25 10 3574 225 355770
11 200 600 25 8 4 143754 354.002 39 300 600 25 10 3971 250 355814
12 240711 600 25 8 4 150 355921 40 300 600 25 10 4 251961 355.654
13 200 600 25 8180 4 150 354.465 41 363583 600 25 10 4 275  355.891
14 200 600 25 8814 4 175 352644 42 400 600 25 8 2 94706 352.995
15 200 600 25 9441 4 200 353413 43 400 600 25 8253 2 100 354571
16 200 600 25 10 2 112.467 352.333 44 400 600 25 8 2141 100  356.000
17 294592 600 25 10 2 125 355817 45 400 600 25 9222 2 125 353.701
18 200 600 25 10 2251 125 355911 46 400 600 25 8 2676 125 355964
19 200 600 25 10 2701 150 355.882 47 400 600 25 8 3215 150 356.252
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Tablo 10. Continuing

20 200 600 25 10 3152 175 356.031 48 400 600 25 8 3.741 175  355.643
21 200 600 25 10 3.601 200 355.907 49 400 600 25 8 4 187.865 354.782
22 200 600 25 10 4 222.742 355.134 50 400 600 25 8253 4 200  354.571
23 209.443 600 25 10 4 225  355.447 51 400 600 25 8732 4 225  353.167
24 294592 600 25 10 4 250 355.817 52 400 600 25 9.222 4 250  353.701
25 300 600 25 8 2 82317 351.695 53 400 600 25 9.702 4 275  354.754
26 300 600 25 8847 2 100 352.819 54 400 600 25 10 2 145.853 354.886
27 300 600 25 8 2470 100 355.839 55 400 600 25 10 2.065 150  355.795

28 300 600 25 9960 2 125 355.623 56 400 600 25 10 2411 175  355.966
29 300 600 25 8 3.088 125 355.908 57 400 600 25 10 27757 200  356.055
30 300 600 25 8 3708 150 356.029 58 400 600 25 10 3.100 225  355.926
31 300 600 25 8 4 162.853 354.426 59 400 600 25 10 3.446 250  356.056
32 355317 600 25 8 4 175  355.693 60 400 600 25 10 3.788 275  355.885
33 300 600 25 8290 4 175  354.068 61 400 600 25 10 4 290.921 355.478
34 300 600 25 8847 4 200 352.819

Table 11. Beam designs under 643.2 kN shear force by the 1D FIL method for Problem-7

No b h fek ¢T n S VrCOnv. No b h fe ¢T n S VrCDnv
(mm) (mm) (MPa) (mm) (mm)  (kKN) (mm) mm) (MPa) (mm) (mm) (kN)

1 200 5543743 20 10 2 50 643.485 21 300 600 20 10 2 60.16177 622.924
2 200 5485729 25 10 2 50 642.688 22 300 600 25 10 2 61.58527 621.347
3 200 544456 30 10 2 50 643.284 23 300 600 30 10 2 62.70804 621.733
4 200 535.747 40 10 2 50 642.286 24 300 600 40 10 2 64.60139 623.982
5 299.9139 500 50 10 2 50 643.342 25 300 600 50 10 2 66.455 625.323
6 200 529.7235 50 10 2 50 643.286 26 400 497.7321 30 10 2 50 644.037
7 200 600 20 10 2 56.735 624.781 27 400  484.6242 40 10 2 50 643.716
8 200 600 25 10 2 57.646 623.019 28 400 4737396 50 10 2 50 643.528
9 200 600 30 10 2 58.326 623.008 29 400 5134757 20 10 2 50 643.287
10 200 600 40 10 2 59.799 620.955 30 400 5042314 25 10 2 50 642.516
11 200 600 50 10 2 60.766 622543 31 400 500 28242 10 2 50 643.620
12 300 499.9762 50 10 2 50 643.343 32 400 500 30 10 2 50.45898 642.462
13 300 533.607 20 10 2 50 644.079 33 400 500 40 10 2 53.19484 634.516
14 300 525721 25 10 2 50 643.041 34 400 500 50 10 2 55.60766 629.678
15 389.078 500 30 10 2 50 643.918 35 400 600 20 10 2 63.83655 622572
16 300 519.3286 30 10 2 50 642.835 36 400 600 25 10 2 65.69257 622.700
17 335611 500 40 10 2 50 643.447 37 400 600 30 10 2 67.02938 625.906
18 300 508937 40 10 2 50 643.234 38 400 600 40 10 2 69.72376 630.398
19 300 500 49.973 10 2 50 643.344 39 400 600 50 10 2 72.02353 634.815
20 300 500 50 10 2 50.005 643.326

Table 12. Beam designs under 337.5 kN shear force by the 1D FIL method for Problem-8

No b h fac  ¢gr N s vV Com No b h fac ¢ N s v, Conv
(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)
1 200 496.340 50 8 4 130 336.070 4 300 463.088 40 8 4 130  336.384
2 200 539.042 20 8 4 130 336.045 5 300 448934 50 8 4 130 336.243
3 274699 500 25 8 4 130  336.493 6 305941 500 20 8 4 130  336.198
7 200 529.803 25 8 4 130 336.098 15 300 502012 20 8 4 130 336.180
8 249436 500 30 8 4 130 336.087 16 300 500 20.870 8 4 130  336.327
9 200 521.482 30 8 4 130 335964 17 400 470.188 20 8 4 130  336.366
10 216248 500 40 8 4 130 336.168 18 400 456372 25 8 4 130  336.230
11 200 507912 40 8 4 130 336.116 19 400 444788 30 8 4 130  336.251
12 200 500 46780 8 4 130 336.182 20 400 425544 40 8 4 130  336.121
13 300 490596 25 8 4 130 336531 21 400 410467 50 8 4 130  335.491
| 14 | 300 |479.882] 30 | 8 | 4 | 130 |336.170 | | | | | | | | | |
Table 13. Beam designs under 867.6 kN shear force by the 1D FIL method for Problem-9
No b h fa s Y, Conv. No b h fa  or n s Vi Conv.
(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm)  (MPa) (mm) (mm) (kN)
1 366 495 41  9.862 3 50  887.313 2 366 495 41 10 3 31.85052 880.620

Table 14. Beam designs under 100.8 kN shear force by the 1D FIL method for
Problem-10

No b h S or n s Y Conv.
(mm) (mm) (MPa) (mm) (mm) (kN)
1 220 350 22 9.210 2 255 97.591
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Table 15. Beam designs under 123.4 kN shear force by the 1D FIL method for Problem-11

No b h Sex s VConv. No b h fex or s V;Conv.
(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)
3.52
1 200 300 20 8 3 177  123.228 2 200 300 20 10 2.281 177 123358
Table 16. Beam designs under 1323.2 kN shear force by the 1D FIL method for Problem-12
No b h fox o n s v con No b h fox o s v, con
(mm) (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)
1 200 589.718 25 10 4 50 1323.322 23 300 600 40 10 3.732 50 1323.165
2 200 586.339 30 10 4 50 1321.461 24 300 600 40 10 4 55.020 1292.099
3 200 583.267 40 10 4 50 1325.133 25 300 600 50 10 3.688 50  1324.180
4 200 578.354 50 10 4 50 1322.821 26 300 600 50 10 4 55.872 1289.515
5 233256 600 20 10 4 50 1351.084 27 400 569.074 20 10 4 50 1323.893
6 200 600 22456 10 4 50 1344.625 28 400 563.283 25 10 4 50  1322.701
7 200 600 25 10 3922 50 1323.292 29 400 556.534 30 10 4 50  1317.492
8 200 600 25 10 4 51456 1311.942 30 400 550.872 40 10 4 50  1323.922
9 200 600 30 10 3.897 50 1321.523 31 400 534.891 50 10 4 50  1300.202
10 200 600 30 10 4 51937 1306.863 32 400 600 20 10 3.757 50  1323.914
11 200 600 40 10 3871 50 1324.958 33 400 600 20 10 4 54.570 1294.333
12 200 600 40 10 4 52407 1307.296 34 400 600 25 10 3.709 50  1322.570
13 200 600 50 10 3834 50 1322.937 35 400 600 25 10 4 55.446 1290.097
14 200 600 50 10 4 53119 1301.029 36 400 600 30 10 3.654 50  1317.954
15 300 580426 20 10 4 50 1323.189 37 400 600 30 10 4 56.495 1281.591
16 300 575716 25 10 4 50 1321.870 38 400 600 40 10 3.601 50 1324.164
17 300 572471 30 10 4 50 1323.047 39 300 600 20 10 3.850 50 1323.306
18 300 566.059 40 10 4 50 1323.220 40 300 600 20 10 4 52.829 1302.730
19 300 560.855 50 10 4 50 1324.177 41 300 600 25 10 3.812 50 1321.837
20 300 600 25 10 4 53514 1297.942 42 400 600 40 10 4 57.556 1283.642
21 300 600 30 10 3.78 50 1322.977 43 400 600 50 10 3.553 50 1328.891
22 300 600 30 10 4 54006 1296.722 44 400 600 50 10 4 58.702 1279.840
Table 17. Beam designs under 70.0 kN shear force by the 1D FIL method for Problem-13
No b h fox n S Ve No b h fex n S v, con
(mm)  (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)
1 268.090 300 20 8 2 300 69.643 5 215968 300 30 8 2 300 69.137
2 200 340.691 20 8 2 300 69.432 6 200 310.825 30 8 2 300 69.142
3 239.636 300 25 8 2 300 69.619 7 200 300 36.154 8 2 300 69.757
4 200 324576 25 8 2 300 69.357
Table 18. Beam designs under 1100 kN shear force by the 1D FIL method for Problem-14
No b h fex s Vv, conv- No b h fox or n s v, con
(mm)  (mm) (MPa) (mm) (mm) (kN) (mm) mm) (MPa) (mm) (mm) (kN)
1 330.920 600 50 10 4 70  1073.038 3 400 600 50 9.777 4 70  1066.150
2 400 581165 50 10 4 70 1068.773 4 400 600 50 10 3839 70  1069.394

Table 19. Beam designs under 90 kN shear force by the 1D FIL method for

Problem-15
No b h Sex or s ; Conv.
(mm) (mm) (MPa) (mm) (mm) (kN)
1 205 302 27.67339 10 2 280  87.291

As can be seen from all of these design tables, only designs for the targeted output value were performed by
the 1D FIL method. The 1D FIL method does not produce designs that are very close to the targeted output
value, even if they are safe. To put it more clearly, according to the 1D FIL method, for example, for targeted
shear strength of 500 kN, a design with a shear force of 501 kN is not a result. Although this seems to be a
disadvantage of the 1D FIL method, it is foreseen that the 1D FIL method, which only gives outputs with
Demand/Capacity=1 as a result, can be used in sensitive optimization studies.

Taking into account the errors in the 1D FIL results arising from the data of the FL model, using the equation
given in Equation 22 instead of Equation 4 in the 1D FIL method will allow obtaining almost all safe

designs.
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0; < kx0p, < Op (22)

The k parameter in Equation 22 can be calculated by Equation 23 by considering the maximum error (emax) in
the designs performed by the 1D FIL method in this study. It is appropriate to take k=1+0.05533=1.06 for the
beam designs discussed in this study.

k=>1+ %enax
8. Conclusions and recommendations
Some of the conclusions obtained from this study are given below.

e In this study, an FL model was developed for the estimation of shear strength capacities of RC beams
with limited ductility and its validity was proven by testing it with a very low amount of error
(emax=3.452%).

e For the first time, a real design has been carried out for RC beams with limited ductility subjected to
shear with an Al method.

e By applying the 1D FIL method to the developed FL model without making any changes in the data of
this model, a total of 521 designs of 15 different RC beams with limited ductility were successfully
carried out. The maximum absolute error in the designs was determined as 5.523%.

e By the 1D FIL method, it is possible to perform a general design as in Problem 1, as well as to design for
certain/mandatory/constant values of the problem parameters(see Problem 2-15).

e The 1D FIL method can also be used as a very sensitive testing tool for FL models developed.

e The values of the problem parameters obtained for the designs with the 1D FIL method are within the
data ranges of the variables and outputs of the FL model.

e By the 1D FIL method, the designs with Demand/Capacity=1 can be obtained at once. In this respect, it
is foreseen that it will be a useful method for performing optimum designs. Additionally, if desired, it is
possible to perform designs in different Demand/Capacity ratios with the 1D FIL method.

A more general strength estimation tool can be created by expanding the data limits of the variable
parameters in the FL model developed in this study. However, by narrowing these data limits, a strength
estimation tool can be created for more specific problems. These strength estimation tools can be added to
the analysis programs used in civil engineering as an Al module and can be used in designs with the 1d FIL
method.

In this study, before using the designs obtained by the 1D FIL method directly, their compliance with other
design conditions in the regulations, if any, should be checked. Finally, it is foreseen that the 1D FIL method
along with a sensitively constituted FL model can be used effectively for control, optimization, design,
robotic, autonomous vehicles, etc. problems in many other scientific fields.
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Abstract

In this study, the effect of aging at different temperatures and times on the properties of AA7075-T6 alloy was
investigated. The samples prepared for the experimental studies were subjected to the solution, quenching, and then
aging heat treatment at 100 °C and 200 °C for different periods (42-66-90 hours). The properties of the experimental
samples were investigated by hardness, compression test, and scanning electron microscope (SEM). As a result of the
studies, it was determined that the aging heat treatment had a positive effect on the microstructure and mechanical
properties of the AA7075 alloy compared to the reference sample. Especially as a result of the heat treatments at 100
°C, higher results were obtained in hardness and compression strength compared to the initial values.

Keywords: Aging, Compressive strength, Hardness

Oz

Bu ¢alismada, farkll sicakli ve siirelerde uygulanan yaslandirma isleminin, AA7075-T6 alasiminin ézelliklerine etkisi
incelenmigtir. Deneysel calismalar icin hazirlanan numuneler, ¢ozeltiye alma, su verme, daha sonra 100 °C ve 200 °C
sicaklikta farkly siirelerde (42-66-90 saat) yaslandirma isil iglemine tabi tutulmugslardir. Deneysel numunelerin, sertlik,
basma deneyi ve taramali elektron mikroskobu (SEM) ozellikleri incelenmigstir. Yapilan ¢alismalar sonucunda, yapilan
yaslandirma 1sil isleminin AA7075 alasumimin ozelliklerini referans numuneye gore olumlu yonde etkiledigi tespit
edilmistir. Ozellikle 100 °C de yapilan isil islemler sonucu sertlik ve basma mukavemetinde baslangi¢c degerlerine gore
daha yiiksek sonuglar elde edilmistir.
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1. Introduction

Aluminum is one of the most important non-ferrous metals. The most important features of aluminum
materials are lightness, durability, easy processing, ability to conduct heat and electricity, resistance to
oxidation, magnetic and non-toxic, light-reflecting and pleasing to the eye. Especially low weight/strength
ratio, oxidation resistance, light reflection and anodic coating feature have made aluminum materials a
widely used metal in the machinery industry (Budak, 2016; Giiltekin & Korkmaz, 2021; Senel, 2020; Senel
& Giirbiiz, 2020).

Aluminum alloys can be divided into two main groups as wrought and cast. Some alloying elements such as
copper in aluminum alloys, whose strength and hardness can be increased by heat treatment, and sometimes
the elements that are added as alloying elements create situations that cannot be heat treated. Thus, according
to their sensitivity to heat treatment, aluminum alloys are divided into two subgroups as heat-treatable and
non-heat-treatable alloys. It is the general name given to alloys whose mechanical properties can be
improved after controlled heating and cooling processes. Those in the group of those that can be subjected to
heat treatment; 2011, 2014, 2017, 2018, 2024, 2025, 4032, 6151, 6061 and 7075 (Kibar, 2010; Al-Saadi &
Tunay, 2017).

7075 aluminum alloy, a typical heat treatment alloy, is widely used in aerospace, nuclear industry,
transportation, and other fields (Li et al., 2018). The use of aluminum and its alloys in many industrial
applications such as the automotive industry, aerospace industry and various marine structures is increasing
day by day. However, the need to obtain quality and reliable products imposes important responsibilities on
aluminum alloys in terms of strength rather than lightness. Aluminum alloys can meet the expectations in
terms of mechanical properties only by heat treatment. Since 7XXX series aluminum alloys are highly
susceptible to corrosion in the T6 temper state, which provides high hardness and strength, an over-aging
process known as T73 has been developed in recent years to improve the corrosion resistance of these alloys.
However, the T73 temper reduces the strength of the alloy by 10-15% while increasing the corrosion
resistance of the alloy. At the end of the studies aimed at combining the strength and corrosion properties at
the optimum value, the regression and re-aging (RRA, retrogression and re-aging) process was found. The
RRA process is defined as a two-stage heat treatment process, retrogression, and aging, and is applied to
alloys in the T6 temper state (Cina, 1974).

Aluminum alloys; contain one or more of the main alloying elements such as silicon, copper, magnesium,
zinc, and manganese. Elements such as iron, chromium, and titanium can be found in low amounts. In
addition, some special alloys may contain nickel, cobalt, tin, lead, or vanadium. Elements such as Cu, Zn,
Mg, Mn, Fe, Pb, and Bi, which are alloying elements added to aluminum alloys, positively affect the
mechanical properties of aluminum. In addition, heat treatments applied to aluminum alloys increase the
wear resistance by directly affecting the mechanical properties of the materials (Aydin, 2002). The increase
in hardness by heat treatment applied to aluminum alloys for hardening is provided by the thin and
homogeneous precipitation of the second phase precipitates in the matrix, especially light aluminum alloys
used in the aircraft industry are hardened by precipitation hardening and this process does not affect the
hardening. Not only the mechanical properties but also the magnetic and conductivity properties of the
material. For this reason, aging heat treatment is also applied to improve the properties of electronic
materials (Ak, 2012). They stated that alloying elements such as Cu, Zn, Mg, Mn, Fe, Pb, and Bi added to
aluminum alloys affect the mechanical properties of aluminum, while heat treatments applied to aluminum
alloys directly affect the mechanical properties of the materials (Naeem & Mohammed, 2013).

In the artificial aging processes, to investigate the effect of the aging process on 7075 aluminum alloy,
processes were generally carried out at a single temperature and at a single time (EI-Amoush, 2011; Xiao et
al., 2011; Rokni et al., 2017). However, it is seen that processes are not carried out at different temperatures
and at different times. In this study, AA7075-T6 alloys with circular cross-sections were subjected to
solution aging and artificial aging using different temperatures and different times. The effects of artificial
aging processes on the properties of 7075 aluminum alloy were investigated.
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2. Material and method

Resolution and artificial aging of the AA7075 alloy in the T6 state, which is the subject of the study, was
carried out using different temperatures and different times. Taking into account the tests to be made at the
end of the artificial aging process and the different parameters to be applied during the artificial aging,
samples with a diameter of 10 mm and a length of 20 mm were prepared on the CNC lathe using machining
methods. In the study, 7075 aluminum alloy in T6 state, which was taken into the solution at 485 °C for 2
hours, was rapidly cooled in water at room temperature, and then artificial aging was applied to the samples
at different temperatures and different waiting times specified in Table 1 and Figure 1. In the previous
studies, the changes in the mechanical properties of the aluminum alloy (7075) in the aging processes were
examined and aging heat treatment was applied at these temperatures and times to reach the optimum values.
A heat treatment furnace was used for the applied artificial aging processes.

Table 1. Aging parameters

Sample Solution temperature Aging temperature Aging time
Number (°C) — 2 hour (°O) (hour)

T6 - - -

2 42

3 100 66

4 90

10 42

11 485 200 66

12 90

485 °C (2 hours)

Temperature (°C)

200°C —mmm————
’ .
1 \
I \
100 °C A
1 L 1
I Ll 1
2 6 90

Aging time (hour)
Figure 1. Aging parameters graph

The samples prepared according to the specified standards for metallographic examination were sanded
under water with SiC abrasives with grit numbers 180, 320, 400, 600, 800, 1000, and 1200, respectively.
After sanding, the samples were polished with 0.3-micron diamond paste. The samples were prepared by
cleaning and spraying ethyl alcohol on their surfaces. Samples prepared for microstructural studies were
etched in Keller's reagent (2 ml HF, 3 ml HCI, 5 ml HNOs, 190 ml pure water) for 8-15 seconds. Etched
samples were examined with a JEOL brand JSM 7001F model scanning electron microscope.

The samples prepared according to the specified standards for metallographic examination were sanded
under water with SiC abrasives with grit numbers 180, 320, 400, 600, 800, 1000, and 1200, respectively.
After sanding, the samples were polished with 0.3-micron diamond paste. The samples were prepared by
cleaning and spraying ethyl alcohol on their surfaces. Samples prepared for microstructural studies were
etched in Keller's reagent (2 ml HF, 3 ml HCI, 5 ml HNOs, 190 ml pure water) for 8-15 seconds. Etched
samples were examined with a JEOL brand JSM 7001F model scanning electron microscope.

Vickers hardness method was used to measure the hardness values. In preparation for the hardness
measurement process, the samples were polished and smoothed with Metkon, Forcipol metal sanding, and a
polishing device. Microhardness measurements; A Buehler Micromet 2001 micro hardness device was used.
The hardness measurement was carried out by pressing the sample surface for 15 s at a load of 10 gf using a
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136° Vickers diamond square pyramid tip, creating traces of deformation on the surface. Compression tests
were performed with the Besmak brand BMT-100E model test device at 2 mm/min. with the printing speed.
A Compression test was used considering that embrittlement may occur with excessive aging in materials as
a result of heat treatments carried out at high temperatures and times, and it would be more appropriate to
evaluate all experimental results in terms of the same parameter. In addition, since the compression test
specimens are smaller in size and size than the tensile test specimens, it was thought that the aging processes
performed on small specimens would create a more homogeneous effect on the whole material, and it was
thought that this would make the results of the tests more stable.

3. Results and discussion

7075-T6 aluminum alloys were immediately applied to the quenching process after being in solution for 2
hours at 485 °C, and then artificial aging was applied at different temperatures such as 100 °C and 200 °C
and for 42, 66, and 90 hours. The effects of aging on mechanical properties were investigated. The result of
the spectral analysis performed to determine the percent composition of alloying elements is given in Table
2.

Table 2. Chemical composition of aluminum 7075 alloy used in experimental studies

Element Al Si Fe Mn Cu Mg Zn Cr Zr
Weight % 89.8 0.213 0541 0.019 1581 2589 5.670 0.0151 0.0278

The hardness values obtained from the hardness measurements of the samples at different aging parameters
are given in Figure 2. It is seen that the hardness values of the samples that were artificially aged after being
taken into the solution were higher than the hardness value of the reference (AA7075-T6 and 20 °C) sample.
When the samples were artificially aged at different times and temperatures were examined, the highest
hardness value was found in the samples aged at 100 °C and 42 hours. It is observed that there is a decrease
in hardness values in other samples whose artificial aging process continues at the same temperature and
whose duration is prolonged. It is understood from the literature that the reason for the decrease in hardness
values with the increase in the aging time in this period may be caused by excessive aging and coarsening of
the microstructure precipitates depending on time. When the increase in aging temperature is examined, it is
observed that there is a decrease in hardness as the aging temperature increases (Gegkinli, 2002; Hansen et
al., 2004; Chen et al., 2009; Baydogan et al., 2010; Durmus et al., 2011; Ozyiirek et al., 2012; Yilmaz et al.,
2012; Demirel & Karaagag, 2020).

180
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Figure 2. Hardness variation graph
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When the compressive strength values are examined, it is seen in Figure 3 that the compressive strength
values increase in the artificially aged samples. The main hardening components in 7075 aluminum alloys
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are the GP zones and the n' phase. The hardness of the material increases when the precipitated particles
hinder the dislocation movement since the 2nd phase grains formed after the precipitation process are mostly
harder than the matrix. The precipitate particles are generally harder than the matrix and prevent dislocation
movement during deformation. In this case, the dislocation part remaining between the precipitates moves
depending on the applied tension to overcome the precipitate particles and surround the particles. Since the
dislocations move in all directions, the number of rings around the precipitate increases and causes an
increase in the dislocation density in the material. The strength increases resulting from the aging heat
treatment are due to the precipitates formed in the aluminum matrix. These precipitates caused an increase in
compressive strength values at low temperatures by preventing dislocation movements caused by
deformation during the experiments. It was determined that the strength values decreased with the increase in
temperature. However, increases in elongation values were also observed (Gegkinli, 2002; Hansen et al.,
2004; Chen et al., 2009; Baydogan et al., 2010; Durmus et al., 2011; Ozyiirek et al., 2012; Yilmaz et al.,
2012).
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Figure 3. Compressive strength graph

Microstructure SEM pictures and EDS analyses taken from experimental samples are given in Figures 4-5.
In EDS analysis, it is thought that the zinc and copper ratios are higher than the other points and a second
phase is formed in the microstructure. During aging in the microstructure, GP-I and GP-II zones are formed
and the metastable ' phase occurs as aging progresses. With the re-dissolution of the n' phase, both new
ones are formed and the n' phase continues to grow and turns into the stable 1 phase (Hansen et al., 2004;
Giileryiiz & Kagar, 2011; Ozer & Karaaslan, 2017).

Despite the microstructural properties of the AA7075 alloy, the n-phase (MgZn,) precipitates, which are
expected to form in the structure by aging heat treatment, are not visible due to their nano-size. It is thought
that microstructural examinations should be made with a transmission electron microscope (TEM) to
visualize the second phase precipitates formed in the structure by the aging process. In a previous study
(Kalyon & Ozyiirek, 2017), it was reported that MgZn. phase was formed in the structure as a result of aging
heat treatment (Simsek et al., 2018; Altuntas, 2020; Karaaslan et al., 2007).

The strength increases resulting from aging heat treatment are caused by sediments in the matrix of
aluminum. These sediments have caused an increase in the pressure and set values to prevent dislocation
movements caused by deformation during experiments. It is also understood from previous studies that when
the temperature value is increased at a point, the particles that occur in the precipitous are increased more
rapidly, growing and reducing the ability to prevent dislocation movements as a result of growth (Gegkinli,
2002; Hansen et al., 2004; Chen et al., 2009; Baydogan et al., 2010; Durmus et al., 2011; Ozyiirek et al.,
2012; Yilmaz et al., 2012).
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Figure 4. SEM - EDS results of the artificially aged sample at
100 °C for 42 hours

4. Conclusions

In this study, solution treatment, quenching, and then artificial aging heat treatments at different temperatures
and times were applied to 7075 aluminum alloys in the T6 state. In the study, the effects of selected heat
treatment parameters on the microstructure and mechanical properties of AA7075 alloy were investigated.

Results from experimental studies:

- Solution aging and artificial aging apply to 7075 aluminum alloys, as a precipitation-controlled
phenomenon, and can also be applied to other alloys of the 7000 series. It was determined that the
compressive strength values of the samples, which were taken into the solution at 485 °C for 2 hours, cooled
rapidly in room temperature water and, heat-treated at 100 °C, were higher than the reference sample.

- When the compressive strength values are examined, it is seen that the solution treatment and artificial
aging process affect the compressive strength values. In the case of excessive aging, it is observed that the
compressive strength of the samples begins to decrease, and this situation increases with the increase in
temperature and time.
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Figure 5. SEM - EDS results of the artificially aged sample at 200 °C for 90 hours

- When the hardness values of the aged samples are taken into account and evaluated with different aging
times, the highest hardness values are found in the samples artificially aged for 42 hours.

- When the hardness values of the aged samples are taken into consideration and evaluated at different
temperatures, the highest hardness values are found in the samples artificially aged at 100 °C.

- When the hardness values of the artificially aged samples are taken into consideration and evaluated, it has
been observed that the aging time has increased along with the excessive aging and a decrease in the
hardness values due to this.
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Abstract

The software used today, on the estimation of module temperature of photovoltaic systems, seem very important to be
analyzed. These estimates are crucial in future techno-economic and environmentally friendly analyses of the systems
to reach better achievements for future generations. This is very important to reach lifetime analyses of long-term
feasibility to find out payback time and the levelized cost of energy. The present work is based on this issue, to test the
module temperature estimation formulas used by four commonly used software models, and to determine the most
suitable software for temperature analyses of five different photovoltaic modules in Middle Anatolia. Outdoor truthful
long-term testing is the main realistic approach to reach fundamental contemplations. After an introductory basic
knowledge, the main materials and methods are discussed to enlighten the analysis. The main methodology is given and
further prospects are enlightened. Four well-known software are analyzed using four years of outdoor testing of five
different photovoltaic modules. Measured ambient temperature and solar irradiance are used in the categorization of the
software estimation performances. PV*SOL appears to be superior at low irradiance and ambient temperature, whereas
Helioscope appears to be superior overall.

Keywords: Photovoltaic module temperature, PV correlations, Solar cell, Solar energy, Temperature estimation

Oz

Giiniimiizde kullanilan fotovoltaik sistemlerde modiil sicakhigini tahminleme yazilimlarimin analiz edilmesi ¢ok
onemlidir. Bu tahminler ileriye yénelik tekno-ekonomik ve ¢evre duyarli analizler icin gelecek nesiller icin daha
kazanmimli olacaktir. Mevcut ¢alisma, bu konuyla ilgili olarak, yaygin kullanilan dort yazilim modeli tarafindan
kullanilan modiil sicaklik tahmin formiillerini test etmek ve Orta Anadolu’da bes farkly fotovoltaik modiiliin sicaklik
analizleri i¢in en uygun yazilimi belirlemektir. A¢ik alanda yapilan tutarli ve uzun dénemli testler, temel sonuglara
ulasmak i¢in en gercgekg¢i yaklasimdir. Giris béliimiinde temel bilgilerin ardindan, analize 151k tutacak temel materyal ve
yontemler tartisilmaktadir. Ana metodoloji verilmekte ve sonuglar sunulmaktadir. Dért iyi bilinen yazilim, bes farkl
fotovoltaik modiiliin dort yillik agik alan testleri kullanilarak analiz edilmistir. Yazilim tahmin performanslarimin
stiflandwriimasinda ortam sicakligi ve giines iginimi kullanilmistir. PV*SOL, diisiik wsinim ve ortam sicakliginda iistiin
goriiniirken, Helioscope genel olarak daha iyi sonu¢lar vermistir.

Anahtar kelimeler: Fotovoltaik modiil sicaklig, PV korelasyonlari, Giines hiicresi, Giines enerjisi, Sicaklik tahmini
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1. Introduction

The problems with the Earth’s environment are mainly due to the use of conventional energy sources. The
increasing demand for energy while co-saving the Planet drives the motion for the adaptation of clean and
sustainable energy sources. Renewable energy sources such as hydro, wind, and solar seem the world's new
energy supply. As of 2010, the total installed renewable energy capacity was 1.2 TW; in 2019, it was 2.5
TW, which is doubled in 9 years at an increasing pace. In 2019 the installed Solar photovoltaics was around
580 GW, whereas this number was simply 40 GW in 2010 (International Renewable Energy Agency, 2020).

The photovoltaic installation capacity will continue exponentially to increase all over the world. Therefore,
comprehensive testing of the PV performance in outdoor conditions is crucial to get the best efficiency and
yield. R/D on PV and the operating temperature of PV modules seem very important as it affects both the
panels' efficiency and their degradation rates. This issue of degradation rates is still heavily studied,
especially in new next-generation solar cell systems (Ozden, Akinoglu, et al., 2018). It should also be noted
that the operation of PV modules under outdoor conditions in diverse climates results in different
performance outcomes (Ozden, Carr, et al., 2020).

The efficiency of the modules varies seasonally due to variation of a plane-of array (POA) irradiance,
ambient temperature, and wind speed. It was demonstrated that the performances of thin-film modules vary
seasonally depending on the light and temperature exposure (Nikolaeva-Dimitrova et al., 2010). (J. Ye et al.,
2012) observed the seasonal efficiency for a-Si single-junction, Monocrystalline Silicon and Micromorph
cells vary. Both modules attained their highest efficiencies during the Monsoon season when module
temperatures attain their minimum values due to seasonal variations and heavy rainfall. They observed that
relative changes in monthly outdoor efficiency within the year were around 3.1%, 2.7%, and 1.6% for mono-
Si, micromorph, and a-Si, respectively. Moreover, dust accumulation in summer makes the efficiency more
prone to diminish in summer compared with winter. (Jha & Tripathy, 2019) indicated that the efficiency
reduction in summer is 7.5% whereas, in winter, the efficiency reduction is 4.9% and also analyzed the
thermal behavior of the modules using a 3D computational model based on the finite element method.

Most of the energy incident from the Sun is either not absorbed effectively or not converted to produce
photocurrent. Non-absorbed photons and electrons excited to high levels in the conduction band produce heat
in their relaxation. The heat generation within the cell reduces the efficiency of the modules by creating hot
carriers. It is observed that 72% of incident energy was converted into heat, causing an increase adversely in
the cell temperature rather than creating a usable form of energy (Shen et al., 2020). It is well known that the
results of the power output and module temperature are inversely related (Dubey et al., 2013). Furthermore,
(Radziemska, 2003) observed that the output power change is -0.65 %/K which affects the change in
efficiency as -0.08 %/K according to the experiments conducted on the crystalline silicon solar cell. (Rahman
et al., 2015) observed that -0.06 %/°C change in efficiency for the monocrystalline PV module.

(Aly et al., 2019) demonstrated the variation of the cell temperature concerning the ambient temperature,
POA irradiance, and wind speed. The variation of operating cell temperature seems linear with respect to the
ambient temperature up to POA irradiance of 800 W/m?2. On the other hand, the change in cell temperature is
outlined to be hyperbolic with respect to wind speed variations. However, not only the wind speed but also
the wind direction and tilt angle are the other two critical parameters for the module temperature analysis
(Tuncel et al., 2020). (Jaszczur et al., 2019) demonstrated the importance of the tilt angle by analyzing the
temperature distribution within the cell for several inclinations. It was observed that polycrystalline-silicon
PV modules attained their highest temperature when it was parallel to the surface, whereas when the angle is
15° the module temperature was lower, because of the unavailability of cooling due to wind when inclination
was zero.

The correlation between the module temperature and POA irradiance is also linked to the technology of the
module (Atse et al., 2017). Different modules react diversely in outdoor conditions. (Z. Ye et al., 2013)
analyzed the module temperature of sixteen different PV modules, manufactured using four different
technologies, and observed that although the value of module temperature was varying, the trends were
relatively similar. They stated that the difference between the module and the ambient temperature starts to
increase as the ambient temperature increases, having the poly-Si concrete solar cell had the least
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temperature difference between ambient and module temperatures, whereas the highest difference was
attained at the pc-Si module.

In our previous works (Ozden, Tolgay, et al., 2018, 2020) it is observed that the module temperature could
reach above 60 °C in a moderate climate in the middle of Anatolia, Ankara. In our previous study (Ozden,
Tolgay, et al., 2020), all analyses were conducted on ten different module temperature estimations schemes
without specifically considering the effect of ambient temperature, solar irradiance, and their seasonal
variations. It is concluded that both intrinsic and extrinsic parameters should be considered to estimate the
module temperature accurately. The ambient temperature, wind speed, and irradiance are the most used
parameters with form-based heat and wind coefficients. The difference between our previous study and this
study is previously ten correlation equations are used and two of them are found to be perform better than
others, whereas in this study the most commonly used four software is analyzed by considering different
weather conditions separately. The two best equations are proposed by (King et al., 2004) and (Skoplaki et
al., 2008).

To reach accurately the estimation schemes which is very important for long-term techno-economic analysis
(Karaveli et al., 2018; Ozden, et al., 2020)) to find out truthfully the efficiency and yield the software in hand
as: HOMER, Helioscope, PVsyst, and PV*SOL (Folsom Labs, 2019; HOMER Software, 2019; PVsyst,
2019; Valentin Software, 2019) are detailly studied. The present work comprehensively achieves to be as an
original stand work in PV temperatures with the temperature estimation formulas developed by several
authors (Duffie et al., 1985; Faiman, 2008; King et al., 2004; Skoplaki et al., 2008).

This study, starting from the methodology, compares the module temperatures obtained in outdoor
conditions using the four most utilized software as stated above. We obtained essential data on
meteorological and systems properties measurements for four years. The data and the methodology we
integrated are gathered in the cold and semi-arid climate of Ankara, Turkey. We believe that the works in the
present research and the methodology will firmly clarify the outdoor testing of the behavior of the module
temperatures to inform the investors and researchers by giving clear findings. This study’s novelty is that the
16 different weather categories are studied to determine the most suitable temperature estimation for four
different software.

The importance of module temperature estimation lies in the fact that software uses these estimations to
predict the yield and efficiency of modules. Accurately predicted module temperature will present more
authentic estimations for the performance of photovoltaic modules. Additionally, this paper aims to
determine the better-correlated procedure for each weather category and temperature estimation formula for
five-module types in Ankara, which leads to the construction of a feasible and trustworthy techno-economic
analysis. In this study, the ambient temperature and incoming solar irradiance values are also evaluated to
analyze and discuss the module temperature estimation schemes. Considering that this study is done in the
Middle Anatolia, our results are expected to be valid for the “Csb” Koppen climate classified regions.

2. Materials and methods
2.1. Description sites and modules

The tested PV modules are located on the rooftop of the Department of Physics, METU in Ankara, which
in the Central Anatolia Region of Turkey. The exact location of latitude and longitude of our outdoor test
platform are 39.9° N and 32.8° E. The altitude of the platform is 929 m, and modules are mounted with a tilt
angle of 32° tilt and 0° azimuth angle so facing directly South. Figure 1 is the picture of the outdoor
installations of the tested modules. The modules were installed in April 2012, and the tested modules have
been operating since. However, this research will consider the data taken out between January 2017 and
December 2020.

We investigated five different types of PV modules in this study which are Copper Indium Selenide (CIS),
Monocrystalline Silicon (Mono-Si), Polycrystalline Silicon (Poly-Si), amorphous silicon (pc-Si/a-Si), and
Heterojunction with Intrinsic Thin layer (HIT) structures (Figure 1). Technical details of the PV modules
investigated are presented in Table 1. The values are taken from the datasheets given by the companies
producing the modules. Mono-Si, Poly-Si, and HIT modules have mono- and poly-crystalline silicon
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structures, whereas the other two are composed of thin-film PV of different compositions. All modules are
cleaned once a week.

Figure 1. Configuration of ODTU-GUNAM outdoor test facility (a) and tested
modules — 1: CIS, 2: Poly-Si, 3: Mono-Si, 4: pc-Si/a-Si, 5: HIT (b)

Table 1. Module nameplate values

Module Types  Pwmax Voc Isc Vmpp Impp n Bstc TmNocT  Area

(W] vl [A] vl [A] [%0] [%/°C]  [°C] [m?]
CIS 130.0 59.50 3.28 44.90 2.90 12.3 -0.39 40 1.05
Mono-Si 160.0 43.70 5.06 35.30 4,58 125 -Fx E il 1.28
Poly-Si 130.0 21.70 8.18 17.80 7.30 12.7 -0.45* 46 1.02
pe-Si/ a-Si 128.0 59.80 3.45 45.40 2.82 9.1 -0.24 44 1.40
HIT 230.0 42.30 7.22 34.30 6.71 16.5 -0.30 45 1.39

* The parameter unit is %/K. ** There is no datasheet for this module. Therefore, some results are missing.

The climate of Middle Anatolia can be defined within the Képpen — Geiger climate classification system
(Peel et al., 2007; Rubel et al., 2017) as a semi-arid desert. The average ambient temperature is given for four
years as 14.8 °C. The highest and lowest daily temperatures are recorded as 39.8 °C and -6.1 °C on 3 July
2017 and 3 January 2017, respectively. Further information about the measured meteorological climatic
parameters and highest, lowest, and average values of solar irradiance values are tabulated in Table 2. These
measurements are taken using a weather station installed on the ODTU-GUNAM outdoor test facility.

The module and ambient temperature, solar irradiation, and electrical performance were recorded via a PV
analyzer. The average values of the data were recorded every ten minutes. T-type thermocouples were used
in the measurement of ambient temperature, and solar irradiation was measured by a high precision
secondary standard Kipp & Zonnen pyranometer. The thermocouples were fixed to the middle of the
backside of the PV modules. As an exception, the temperature sensor of the pc-Si/a-Si module was set close
to its junction box, which is in the middle of the top of the backside (Ozden, Tolgay, et al., 2018).

Ambient temperature, relative humidity, precipitation, solar irradiance, and both speed and direction of the
wind were measured by using the meteorological station. The station and PV analyzer recorded and stored
the averaged data every ten minutes. The pyranometer and meteorological station were located at the top of
the roof, and incoming solar radiation and wind speed were not obstructed by any other nearby elements.
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Table 2. Meteorological statistics

2017 2018 2019 2020
Tamb,average [°C] 1441 15.49 14.82 15.29
Tambnighest [°C] 39.85 36.63 38 40.67
amb highest (3 July) (17 August) (14 August) (3 September)
- oC) -6.11 -5.22 -5.04 -1.59
ambloest (3 January) (27 December) (9 January) (17 January)
Precipitation Average [mm] 0.061 0.118 0.079 0.067
Precipitation Highest [mm] 155.6 202.2 288 245.2
Precipitation Lowest [mm] 0 0 0 0
It average [W/m?] 211.39 210.84 200.24 225.9
1381.1 1404.5 1350.4 1273.6
It highest [W/mz] .
(7 May) (19 January) (4 July) (6 April)
-71.73 -9.6 -6.93 -9.93
It lowest [W/mz]
(3 August) (10 June) (15 August) (8 October)
Vwind,average [m/s] 0.96 0.89 0.85 0.84
Vwind, highest [m/s] 12.1 13 11.6 13
Vwind, lowest [m/s] 0 0 0 0
2.3. Methods
Table 3. Temperature models used by four different software
Equation # Correlation Software
G Nsre(X — apTesre)
To + (Teocr — Tanocr) (G L ) [1 e .mP ST
1 T, = NoeT - o HOMER
- T ) (ZRIUSTC
1+ (TC'NOCT Ta) (GNOCT) ( Ta )
2 T, = Gp(e%™*WS) + T, Helioscope
a(l—nsrc)
3 T, =Ty + G ¥ ———— PVsyst
€T T T Uy + Uy x WS y
Gr
4 T, =T, + k * PV*SOL
NOCT

Three of the given temperature models include many parameters. For explanations of these parameters, one
can refer to the Nomenclature, whereas some of the parameters are taken from different references as
explained below. Equations (1) and (3), #stc refers to the efficiency of a module at standard test conditions,
and o is the temperature coefficient. Both #stc and a, are taken from the datasheets of the PV modules. In
addition to this, in equation (1), oz is taken as 0.9 (Eckstein, 1990; Sandnes & Rekstad, 2002). a and b in
equation (2) are empirically determined parameters, and they depend on the module type. In other words, a
and b are taken as -3.97 and -0.0594 for glass/cell/glass & open rack module structure and, -3.56 and -0.075
for other modules which are composed of glass/cell/polymer sheet & open rack (King et al., 2004). The wind
speed in equation (2) is fixed at 10 m in height. To convert our wind speed measurements to 10 m reference
height, the following law is used (Twidell & Weir, 2015):

n
ws z
WSref (zre f) )

in which n refers to friction coefficient which depends on the topography of the test site. According to
Banuelos-Ruedas et al. it is taken as 0.3 because the topography of our test site can be described as a small
town with some trees and shrubs (Bafuelos-Ruedas et al., 2010). zwf , z, and WS are reference heights
measured from the ground of the outdoor test platform, 10 m, and wind speed at the outdoor test platform.
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Uo and Us in equation (3) are the thermal coefficients describing the effect of the solar radiation on PV cell
temperature, and the cooling effect of the wind, respectively (Koehl et al., 2011). They are taken as 23.09
and 3.11 for the CIS module while for other modules they are taken as 25 and 6.84 (Faiman, 2008; Koehl et
al., 2011).

According to PV*SOL documentation (Valentin Software, 2019), k strongly depends on the installation type
of PV modules. Since PV modules in the test site can be considered as free-standing installation, k is taken as
20 for all PV modules.

The module temperature calculation for the Mono-Si module using the Homer temperature estimation
formula requires knowledge of the datasheet values of this module. The unavailability of this information
resulted in the missing values in Table 5.

In the present work, the effects of ambient temperature and solar irradiance are considered in detail. Since
this study aims to obtain how close the temperature models estimate the cell temperature under different
conditions, 16 different categories are generated according to different ambient temperature and solar
irradiation intervals. The details about the contents of these categories are supplied in Table 4.

Table 4. Description of categories

0<Il< 300 300 <1< 700 700<1:< 900 900 <1
Tamb <0 C1 C5 C9 C13
0<Tam<10 C2 C6 C10 C14
10 <Tamb< 25 C3 C7 Cl1 C15
25 < Tamp C4 C8 C12 C16

The main thermal parameter is the difference between the estimated and measured module temperature

AT; = Testimated,i - Tmeasured,i (6)

where i is just an indexing number, Testimated,i aNd Tmeasured,i are the estimated module temperature by the
methodology and measured module temperature in our outdoor test facility, respectively.

Error calculation is needed to understand how good temperature models are estimating the module
temperature. Root mean squared error (RMSE) and mean bias error (MBE) methods are used to obtain error
values. These two statistical errors are the main parameters to determine the accuracy of estimation schemes
of the methodologies (Akinoglu, 1991). Although both RMSE and MBE are concerned with the deviations
between estimated and measured module temperature values, their focus is different. RMSE focuses on the
wild deviations between estimated and measured values, and more sensitive to high deviations than the
MBE, whereas MBE measures over or under-estimations. These two error calculation methods can be
expressed as follows:

MBE =~ N, AT, )

RMSE = |~%N,(AT)? (8)

where N denotes the total number of data and, i is just an indexing number.
3. Results and discussion

Estimation of the above-mentioned parameters is only possible with the correct assessment of the module
temperatures. Implicit and explicit parameters are being used by temperature estimation formulas. The
former involves the heat transfer coefficients, thermal loss coefficients, thermal and physical properties, and
maximum efficiency whereas, the latter contains the incoming irradiance and ambient temperature.
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Figure 2. Results of category 3 [Irradiation: 0 <I; < 300 W/m?, Temperature: 10 <Tamp < 25
°C] for Eq. 1, Eq. 2, Eq. 3and Eq. 4

Deviations are measured by considering equation (6), if the AT is positive, the software overestimates the
module temperature, whereas if AT is negative, the module temperature is underestimated. The deviations
are plotted and categorized according to the categories listed in Table 4. For each category, there exist four
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graph groups that correspond to the specific equation. By considering all results, the deviations between the
estimated and measured temperature can reach up to -30 °C and +30 °C (Figures 2 and 3).
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Figure 3. Results of category 4 [Irradiation: 0 < I;< 300 W/m?, Temperature:
25 °C < Tamp] for Eq. 1, Eq. 2, Eg. 3 and Eq. 4
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Results demonstrate that for different meteorological conditions, the reaction of the modules considerably
alters. The software that made the best estimations by considering RMSE and MBE for different categories
was listed in Table 5 a, b, ¢, and d. Table 5 is categorized according to Table 4. Every category has the
names of the five methodologies of module temperature estimation in the first column. The first four blocks
of Table 5 part a are for the irradiance range of 0 - 300 W/m? and the latter blocks of b, ¢, and d are for the
irradiance value ranges of 300 - 700 W/m?, 700-900 W/m?, and larger than 900 W/m?, respectively. As also
can be observed that each block of benches is for the module temperature ranges of Tamy <0 °C, 0 °C < Tamp
<10 °C, 10 °C < Tamp < 25 °C and 25 °C < Tamp. The green-colored boxes are the better estimation schemes
while the reds are the weaker.

It can be determined that for the lower irradiance values of 0-300 W/m? the methodology of PV*SOL is
better up to module temperatures of 25 °C. However, larger than 25 °C, PV*SOL is the weakest for the three
types of modules and still weak for the other two. This suggests that this methodology is weaker for quite
higher ranges of module temperatures which can be attributed to its development stage of the utilized
measured values to construct the formalism. PVsyst has rather better values for CIS type modules, but it
resembles the weakest estimations in general for this small range of irradiance values (0 - 300 W/m?).
However, we should note that for this range, the better results are interestingly evenly distributed within the
methodologies under discussion. The results of our analyses show that, as can be observed to some extent,
the weaker and better methodologies are rather evenly distributed for higher irradiance values. Except for
this determination for PV*SOL is the unique temperature range of 0 °C < Tamp < 10 °C for the irradiance
values larger than 900 W/m? (Table 5.d). Although this can be attributed to the extent of the evaluated data in
hand, it can also be thought to be the better estimation scheme of this methodology for a rather smaller range
of 0 °C < Tamp < 10 °C. However, also should be stated to be under discussion is the increasing weaker
estimation of PV*SOL since it still quite better estimation schemes at lower irradiance values (see the parts b
and c of Table 5).

Every model uses solar radiation flux on module plane (Gr), Helioscope and PVsyst are considering the
relation between it with module parameter and wind speed, whereas HOMER does not include wind speed as
a parameter in its model. On the other hand for the PV*SOL, GT and installation coefficient (k) are
multiplicative factors with each other. This emphasizes the direct effect of installation type on the estimated
temperature. As wind speed increases the overall effect of the Gr decreases in Helioscope and PVsyst,
suggesting these two parameters cannot be considered separately. Although PVsyst and Helioscope have
similar estimations under high irradiances, the latter model offers a closer estimation below 700 W/mz in
Table 5. At low irradiance, the best estimations are done by PV*SOL that does not use wind speed or module
parameters. This hints the utilization of the wind speed or module parameters can result in a deviation
between estimation and measurement at low irradiance. Nonetheless, at high irradiance values, the module
parameters and wind speed decrease the errors in estimations. The importance of the parameters depends on
the module technology and requires future investigations.

An important remark that we obtained on the presented results is quite a good evaluation of the
methodologies widely used by the investors and researchers. In this discussion, we also need to add that, for
the higher solar irradiance larger than 300 W/m?, the tabulated results should be carefully handled for future
investigations.

But a final note is that for the larger values of solar irradiance, the methodology used by Helioscope is better
than a general consideration.
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Table 5. The best/worst estimations of methods for MBE and RMSE values for various categories solar
irradiance vs temperature (a, b, ¢ and d); values of the green colored boxes are better, and reds are
weaker.

(@) Irradiance: 0 — 300 W/m?

C1 CcIs Mono-Si Poly-Si ue-Sifa-Si HIT
MBE 1.64 - 3.04 2.18 1.73
Homer RMSE 238 - 3.01 2.85 3.68
Helioscope  MBE 211 1.11 2.99 211 177
P& RMSE 2.86 3.59 3.90 2.80 3.72
$ PV/svst MBE 2.25 1.17 3.04 2.23 1.74
= y RMSE 3.03 3.64 3.97 2.99 3.74
—— MBE 1.56 0.76 2.63 1.75 1.41
L RMSE 2k 3.54 3.61 2.39 357
c2 cIS Mono-Si Poly-Si uc-Sifa-Si  HIT
MBE 1.12 - 2.74 1.97 1.89
Homer RMSE 221 - 3.66 2.64 2.84
€ Lelioscone  MBE 1.74 155 267 1.87 1.94
S P& RMSE 259 2.60 3.62 259 2.91
Vo vt MBE 1.93 1.64 2.74 2.05 1.92
£ Y RMSE 277 2.70 3.72 2.80 2.94
- MBE 1.00 1.07 2.18 1.39 1.45

*
" SOL RMSE 2.18 2.37 3.29 2.21 2.60
C3 CIS Mono-Si Poly-Si uc-Sifa-Si HIT
MBE 0.94 - 57 2.02 2.06
B iomer RMSE 2.78 - 6.60 3.07 3.26
% Helioscope  MBE 1.66 1.63 237 1.87 2.07
o P& RMSE 3.07 3.03 6.56 2.99 3.32
. MBE 1.89 1.70 2.44 2.05 2.02
K y RMSE g 3.14 6.62 3.18 3.35
VI o MBE 0.78 1.06 1.81 1.30 1.50
o PVTSOL RMSE 277 2.82 6.39 2.69 3.00
c4 CIS Mono-Si Poly-Si uc-Sifa-Si HIT
MBE -2.01 - -0.16 -0.16 -0.18
Homer RMSE 6.15 - 6.40 5.95 6.14
Helioscope  MBE -1.37 0.72 -0.50 -0.49 -0.33
2 Pe RMSE 6.00 6.37 6.40 5.93 6.14
- MBE .16 -0.77 -0.55 -0.42 -0.50
v y RMSE 5.97 6.38 6.41 5.95 6.15
MBE -2.20 -1.19 -0.97 -0.96 0.8

o *
w PV*SOL RMSE 6.21 6.41 6.43 5.94 6.14

(b) Irradiance: 300 — 700 W/m?

C5 CIS Mono-Si Poly-Si pe-Si/a-Si HIT
Homer MBE 0.23 - 4.24 6.54 4.19

&) RMSE 4.50 - 5.54 7.17 5.38
= Helioscope MBE 3.00 2.00 3.07 5.28 3.72
v RMSE 5.10 3.74 4.54 5.98 4.90
l_% PV/svst MBE 3.93 2.04 3.08 5.76 3.23
4 RMSE 5.70 3.99 4.76 6.71 4.77

- MBE -0.41 0.05 1.12 3.32 1.77
PVZSOL RMSE 4.55 3.53 3.79 4.31 3.86

Cé6 CIS Mono-Si Poly-Si pc-Sifa-Si HIT

O Homer MBE -0.97 -- 3.18 411 2.52
= RMSE 4.20 - 4.84 5.05 4.23
‘\7 Helioscope MBE 242 131 2.59 3.48 2.68
2 RMSE 4.43 3.48 4.30 4.42 421
s PVsyst MBE 351 1.69 2.95 4.37 2.47
él RMSE 5.13 3.89 4.74 5.38 431
- MBE -1.68 -1.37 -0.08 0.79 -0.01
PVESOL RMSE 4.46 3.85 3.80 3.05 351
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Cc7 CIS Mono-Si Poly-Si pc-Sifa-Si HIT
O Lomer MBE -1.60 - 2.46 3.09 1.77
% RMSE 4.04 - 9.34 4.26 3.74
V' Helioscope MBE 1.72 0.51 1.65 2.29 1.75
2 RMSE 3.84 3.20 9.06 3.46 3.62
|\—; PVsyst MBE 2.79 0.76 1.87 3.05 1.40
4 RMSE 4.46 3.50 9.17 4.22 3.70
= . MBE -2.41 -2.15 -0.99 -0.37 -0.91
PVSOL RMSE 4.46 4.10 9.12 2.96 35
cs CIS Mono-Si Poly-Si ue-Sifa-Si HIT
Homer MBE -1.99 - 2.18 3.10 1.76
2 RMSE 4.17 - 4.67 4.38 3.73
l;‘“ Helioscope MBE 1.04 0.20 0.82 1.81 1.24
b RMSE 3.65 3.19 4.03 3.27 3.29
D PVsyst MBE 2.01 0.06 0.66 2.17 0.52
QX RMSE 4.10 3.37 4.16 3.63 3.26
. MBE -2.91 -2.16 -1.54 -0.56 -1.12
PV*SOL RMSE 4.7 4.13 4.47 3.14 3.53

(c) Irradiance: 700 — 900 W/m?
co9 CIS Mono-Si Poly-Si pe-Si/a-Si HIT
Homer MBE -4.40 - 2.50 8.57 2.51
8 RMSE 7.95 - 6.00 9.18 5.88
e Helioscope MBE -0.07 -1.28 -0.01 5.97 1.23
v RMSE 5.25 4.28 3.97 6.32 3.86
= pvsyst MBE 1.36 -1.72 -0.49 6.27 -0.07
RMSE 5.26 4.22 3.81 6.81 3.39
. MBE -5.58 -4.24 -2.97 3.01 -1.73
PVSOL RMSE 8.68 7.12 6.30 4.48 5.68
C10 CIS Mono-Si Poly-Si uc-Sifa-Si HIT
O Homer MBE -2.61 - 3.04 5.63 2.20
2 RMSE 6.10 - 5.81 7.08 4.88
T | iclioscone MBE 2.58 0.20 1.48 4.05 1.91
s P RMSE 5.45 3.77 4.35 5.26 3.93
E pvsyst MBE 4.25 0.43 1.67 5.09 1.21
Vi RMSE 6.42 4.1 4.71 6.33 3.89
. MBE -3.86 -3.81 -2.52 0.04 -2.10
PVSOL RMSE 6.73 6.01 5.52 4.23 4.81
Cl1 CIS Mono-Si Poly-Si uc-Sifa-Si HIT
O Lomer MBE -3.18 - 2.27 4.33 1.63
0 RMSE 5.77 - 6.39 5.80 4.40
V' Helioscope MBE 2.03 -0.47 0.68 2.84 1.37
2 RMSE 4.67 3.78 5.47 4.05 3.73
i PVsyst MBE 3.71 -0.23 0.87 3.9 0.66
a RMSE 5.62 4.07 5.68 5.07 3.84
_. . MBE -4.56 -4.64 -3.46 -1.33 -2.80
PV*SOL RMSE 6.63 6.41 6.91 4.06 4.96
C12 CIS Mono-Si Poly-Si pc-Sifa-Si HIT
Homer MBE -2.61 - 2.58 4.40 2.03
2 RMSE 5.09 - 6.30 5.60 4.15
l;“’ Helioscope MBE 2.15 -0.37 0.41 2.40 1.22
U RMSE 45 3.40 5.43 3.61 3.27
& Psyst MBE 3.69 -0.60 0.14 2.97 0.08
N RMSE 5.44 3.70 5.61 4.21 3.28
. MBE -4.13 -4.16 -3.38 -1.41 -2.57
PVSOL RMSE 6.02 5.73 6.67 3.73 4.45
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(d) Irradiance: > 900 W/m?

C13 CIS Mono-Si Poly-Si pe-Sifa-Si  HIT
Hormer MBE -1.46 - 6.72 13.15 7.20
RMSE 5.58 - 7.56 13.29 7.78

Helioscope  MBE 0.96 -0.86 0.45 6.81 2.48
RMSE 411 2.41 2.32 7.60 3.20

€ overst MBE 2.12 2.92 -1.65 5.47 -0.43
= y RMSE 4.49 3.74 2.87 6.63 2.20
S MBE -2.95 -1.37 -0.06 6.30 1.97
- RMSE 6.13 37 3.47 6.63 3.54
S cl14 CIS Mono-Si Poly-Si uc-Sifa-Si HIT
- MBE 1.79 - 8.39 11.41 6.78
£ RMSE 8.90 ~ 12.22 13.9 10.70
el MBE 6.88 3.15 4.81 7.84 4.82
L QHENOSCopE pa s 11.37 8.77 9.64 11.02 9.19
PVsyst MBE 8.67 257 4.18 8.18 3.16
RMSE 12.72 8.84 9.63 11.70 8.55

. MBE 0.16 -0.36 1.29 4.32 1.30
PV*SOL RMSE 8.59 8.13 8.39 8.52 7.89
C15 CIS Mono-Si Poly-Si uc-Sifa-Si HIT
Homer MBE 2.71 - 3.79 6.35 2.28

o RMSE 6.46 - 7.64 7.71 5.48
% Helioscone  MBE 3.00 -0.54 0.91 3.64 1.08
o P¢  RMSE 6.15 4.83 6.25 4.94 4.56
. - MBE 4.87 -0.84 0.54 4.29 -0.35
5 RMSE 7.32 5.35 6.6 5.79 4.89
VI oo MBE -4.49 -4.93 -3.47 -0.76 -3.31
g PVSOL  puise 7.39 7.27 7.46 4.38 5.98
C16 CIS Mono-Si Poly-Si uc-Sifa-Si HIT
Homer MBE -2.87 - 2.97 5.42 2.38
RMSE 5.77 - 6.80 6.57 473

Helioscope  MBE 274 -0.65 0.02 274 1.14

2 RMSE 5.28 3.78 5.67 3.89 3.54
= pveyst MBE 4.55 -1.13 -0.51 3.22 -0.45
v RMSE 6.45 4.19 5.88 4.46 3.64
S . MBE 4,78 -5.10 -4.43 -1.73 -3.31
w PV'SOL  pvise 6.92 6.68 7.53 4.09 5.25

4. Conclusions

In the present research article, the main consideration is PV module temperature. Four years of experimental
investigations are inter-correlated with recent empirical/analytical estimations that are heavily used in
international software. The main results showed that the module temperature values together with the
incident solar irradiance are very effective in the performance of the module temperature estimations
schemes. As the temperature and solar irradiance values increase other models become better, showing the
situation that the derived methodologies are mainly climate/location dependent. It can be concluded that
equation 4 (PV*SOL) is better at low irradiance and ambient temperature values, while equation 2
(Helioscope) seems better overall. All these results are explained in detail.

Temperature differences between estimated and observed temperatures range between -30 °C and +30 °C
(Figures. 2 and 3). The results show that the deviation of the module temperature varies significantly
depending on the climatic circumstances. In different categories, the deviation between measured and
estimated module temperature varies highly. For high-irradiance categories, Helioscope estimations of Poly-
Si module temperature are highly correlated with the measurements. For category 9 the MBE deviation is
only -0.01 and for category 16 the MBE deviation is 0.02.

The temperature estimation formula used by Homer software highly deviated for high irradiance values for
pc-Sifa-Si module. For category 13 and category 14 and both the MBE and RMSE values attained > 11
RMSE and MBE values, meaning that the deviation is very high and the formula consistently over-estimates
the pc-Si/a-Si module temperature.
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Although the MBE estimations of PV*SOL for low irradiance categories are low compared with other
software’s still the RMSE estimations can reach up to +6.39 in category 3 for Poly-Si, pointing that the
deviation between the estimated and measured temperatures is too high at some time instants.

This research highlights the prospect of the present Solar Energy investments and gives very important clues
to future achievements. Further research should be on the experimental and theoretical/analytical of solar
energy on PV for a better renewable energy future.

5. Nomenclature

Empirically-determined coefficient establishing the

a upper limit for module temperature at low wind T amb Ambient temperature (°C)
speeds and high solar irradiance (dimensionless)
a Absorptance coefficient (dimensionless) Tanocr Ambient temperature at NOCT (°C)
a, Temperature coefficient of power [%/°C] Taaverage Average ambient temperature (°C)
Empirically-determined coefficient establishing the
b rate at which module temperature drops as wind Tahighest Highest ambient temperature (°C)
speed increases (s/m)
Nsrc Efficiency at STC (dimensionless) Ta,lowest Lowest ambient Temperature (°C)
Gnocr Irradiance at NOCT (W /m?) T, Cell temperature (°C)
G, Solar radiation flux on module plane (W /m?) Tenocr Cell temperature at NOCT (°C)
G Average solar radiation flux on module plane (W/ T Cell temperature at standard test
LAVEIAGE ) eSTC conditions (°C)
A coefficient describing the effect of
Guni Highest solar radiation flux on module plane (W/ U U the radiation on the module temperature
thighest i 2) oY1 (W/m?°C), A coefficient describing
the cooling by the wind (Ws/m?3°C)
k Installation Coefficient (°C) ws Wind speed (m/s)
Paverage Average precipitation (mm) WSaverage Average wind speed (m/s)
Phighest ~ Highest precipitation (mm) W Shighest Highest wind speed (m/s)
T Transmittance coefficient (dimensionless) I Irradiation (W/m?)
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Abstract

In this study, SimMechanics-based dynamic modeling and vibration analysis of a single-link flexible manipulator are
studied. A flexible beam model is set up for modeling the manipulator. Transient analysis is performed to obtain the
endpoint acceleration vibration responses of the manipulator moved with different motion profiles. Both the
experimental and simulation acceleration results are presented for different cases. The root means square (RMS) values
of the acceleration responses are calculated to evaluate the compatibility performance in verifying the simulation results
with the experimental results. It has been observed that the results match each other successfully for different cases. The
reliability of the SimMechanics-based dynamic modeling method of manipulators is discussed with the experimental
results.
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Bu c¢alismada, tek baglantili esnek manipiilatériin SimMechanics tabanli dinamik modellemesi ve titresim analizi
calistlir. Manipiilatoriin modellenmesi igin bir esnek kiris modeli kurulur. Farkl hareket egrileri ile hareket ettirilen
manipiilatéoriin u¢ nokta ivme titresim tepkilerini elde etmek igin gegici durum analizi gerceklestirilir. Farkly durumlar
icin hem deneysel hem de simiilasyon ivme sonuglart sunulur. Simiilasyon sonuglarinin deney sonuglart ile
dogrulanmasindaki uyumluluk performansini degerlendirmek i¢in ivme cevaplarimin ortalama karekék (RMS) degerleri
hesaplanmistir. Sonuclarin  birbirleriyle farkliy durumlar igin basarili bir sekilde eslestigi gézlemlenmistir.
Manipiilatérilerin SimMechanics tabanli dinamik modelleme yonteminin giivenirligi, deneysel sonuglarla ele alinmistir.
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1. Introduction

Robot arms use commonly in manufacturing applications for their advantages, such as short cycle time and
high speed (Mariappan & Veerabathiran 2016). Robot manipulators are designed rigidly to achieve high
precision, flexibility, and productivity. In order to plan the endpoint motion of robot arms and realize the
position control, it is an important step to correctly design the dynamic modeling of robot manipulators.
Various methods are used for the modeling and dynamic analysis of robot arms. Researchers use analytical
approaches such as Newton-Euler and Euler-Lagrange methods to construct dynamic models of flexible
structures. In addition, as it is known, commercial applications such as ANSYS and MATLAB/Simulink
provide the opportunity to numerically model and dynamically analyze robot manipulators. For numerical
analysis, Simscape based on MATLAB/Simulink is an essential toolbox used for modeling and simulation of
mechanical, thermal, and fluid systems. It provides to simulate dynamically with rigid and flexible modeling
of mechanical systems on the basis of a 3D model. With the proposed method, various studies on rigid
robotic applications have been carried out by researchers and are summarized.

The mechanical design, dynamic analysis, and controller design of the parallel and SCARA manipulator
designed with SimMechanic and CAD methods are compared (Mariappan & Veerabathiran, 2016; Tlale &
Zhang, 2005). Gaber et al. (Gaber et al., 2016) developed an interface in MATLAB to animate the model and
perform the position control of a 6-DOF robot arm. The designed interface is provided for communication to
perform the robot control by exchanging information with the controller. With a similar approach, West et al.
(West et al., 2016) developed a mechanism for the numerical modeling of a robot manipulator constructed
from 7-DOF hydraulic systems and estimation of unknown parameters using a genetic algorithm. Joint
torques of the dynamic model of a 5-DOF robot arm designed for use in an electric arc furnace are simulated
by Esmaeili et al. (Esmaeili & Saadat, 2020). A mathematical model of a multi-link snake robot with an
additional part with 6-DOF on its tail is created by Malayjerdi and Akbarzadeh (Malayjerdi & Akbarzadeh,
2019), and the detailed dynamic and kinematic analyses are obtained analytically. Dynamic equations are
verified with the SimMechanics model. In Ref. (Azmoun et al., 2019), Azmoun et al. developed a dynamic
model of a 4-DOF parallel robot arm that perform pick and place operation at SimMechanics. The inverse
kinematics problem has been confirmed analytically, and the simulation results are compared with PID and
Sliding-mode controllers. Wang et al. (Wang et al., 2017) derived a dynamic model for position control of a
3D robot arm through dependent parameters and then presented a linear model based on SimMechanics.

SimMechanics-based modeling method is also widely used in biological studies. In another study,
Stevanovi¢ and RaSuo (Stevanovi¢ & Rasuo, 2017) reported a SimMechanics-based mathematical model of a
3-DOF biological robot. In addition, a moving dynamic analysis of the mechanism is carried out. The
biological arm model is modeled with a simplified 3-DOF robotic arm (Umar & Bakar, 2014). The
mathematical dynamic equations of robot arms are established, and then the simulated dynamic model using
computerized algorithms is compared with the SimMechanics model. For flexible structures, dynamic
modeling and performing vibration analyzes of flexible structures with the FE method are widely studied.
Modeling and simulation of a flexible beam are studied with both ANSYS and SimMechanics-based flexible
beam element model (Uyar, 2021). Controlled and uncontrolled vibration responses are presented
comparatively.

For mechanical systems, the overhead crane model is modeled by Win et al. (Win et al., 2013) using
SimMechanics, and an LQR controller is applied to the system to prevent skidding. Using the experimental
model of the system and the mean square root error, the most appropriate mathematical model is presented.

Studies on the modeling of SimMechanics-based robot manipulators are described above. In the studies, it
was observed that modeling and dynamic analyzes on rigid robot arms were carried out. Dynamic modeling
of flexible robot manipulators is a challenging process since the flexibility of flexible robot arms requires
vibrations at the endpoint and position control. Therefore, various control methods are used for reducing
endpoint vibrations and trajectory tracking of robot manipulators. Various control methods such as feed-
forward compensation control (Abou Elyazed et al., 2016), proportional-integration-derivative (PID) control
(Mailah et al., 2005), Sliding-Mode controller (Ansari-Rad et al., 2019; Azmoun et al., 2019), adaptive
control (Boukattaya et al., 2011), and advance control methods (Hirukawa et al., 2007; Lavretsky & Wise,
2013; Tsay et al., 2010) have been reported to be applied in robot manipulators. In order to increase the
applicability of the control method to the system, the accuracy of the dynamic model of the system is
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important for experimental and analytical validation. In the reference work (Malgaca & Uyar, 2019), authors
built the finite element model of the flexible composite manipulator in ANSYS and performed vibration
analysis. The PID control is studied for the endpoint vibration control. Although simple control methods
such as PID control can be applied to the finite element analysis, modern control methods cannot be applied.
The use of the SimMechanics modeling approach in the dynamic modeling of flexible robot manipulators is
an important advantage in terms of applying different control methods analytically. In this study, the
dynamic modeling of a flexible manipulator is modeled and analyzed in MATLAB/Simulink version 2021a
based on SimMechanics. Then, the vibration analysis of the proposed model is compared with experimental
studies. The evaluation of modeling and vibration analysis in the paper is organized as follows: firstly,
dynamic modeling and a 3D solid model of the flexible manipulator are developed by using a block diagram
and also, motion curves are determined to move the manipulator; secondly, an experimental system is built
to compare the experiments with the simulation results; thirdly, the experimental and simulation results for
discussion are presented and evaluated for different motion curves; and finally, the conclusions obtained
from results in the paper are exhibited.

2. Dynamic modeling
SimMechanics is an important part of MATLAB/Simulink to model and to simulate the dynamic model with

the dynamic forces and torques. In this section, the block diagram and dynamic 3D model of the FM are
shown as the mechanical model in SimMechanics given in Figure 1.
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Figure 1. a) block diagram, and b) 3D model based on SimMechanics

Figure 1 indicates the block diagram and 3D model of FM. In order to create the simulation model, a flexible
beam element defined in a general coordinate system is used. The flexible beam element is connected to the
reference frame and the revolute joint element, which is assigned to move the manipulator. Reference frame

49



Uyar 2023 / Volume:13 « Issue:1 * Page 47-56

is determined at the A point in the coordinate system. A rigid transform element is utilized to determine the
sensor and actuator positions. Rigid transform 1 is used to define the position for the revolute joint at A
point, while rigid transform 2 is utilized for the position of the acceleration sensor at B point. The position of
the sensor is chosen as 630 mm from the root and the acceleration sensor is used to measure the acceleration
signals in three directions (at X, y, z axes in the coordinate system). The sensor mass is defined as M;=0.054
kg at the endpoint of the FM because of the weight of the acceleration sensor used in the experiment. Also,
the revolute joint element in the system is utilized to measure the angular position since the angular position
information in degree is obtained as a system output in the rotating joint element.

For material and physical properties, the dimension of the FM is selected as 3.2x20x640 mm?®, while its
material is steel with the modulus of elasticity E=210 GPa and density of 7750 kg/m?. Damping is defined in
the flexible beam model to confirm the simulation results with the experiment. Here, system damping is used
as damping ratio of 0.0002 obtained from the experimental acceleration response (Rao, 2014).

In order to move the FM, the angular velocity curve given in Figure 2 is created with time and motion
parameters.

Angular
velocity, o(t)

Oy

Time [sJ
0\ ] ] ] -
{

c

Figure 2. Angular velocity curve

The motion curve is selected as a trapezoidal velocity profile which consists of four parts: acceleration,
constant, deceleration, and residual, separately. As seen from Figure 2, t,, tc, tq, and t. motion parameters are
represented as acceleration, constant, deceleration and residual time parameters, respectively. tm is the
motion time. o, denotes the maximum angular velocity. Time parameters are selected in seconds while o, is
in rad/s. Motion and time parameters are determined as described in Refs. (Malgaca et al., 2017; Malgaca &
Uyar, 2019).

To find the motion and time parameters, the frequencies of the FM are used. Modal analysis is achieved to
obtain the natural frequencies of the FM. Experimentally, natural frequencies are found with the
experimental modal analysis by obtaining the frequency-amplitude plot from the free vibration responses at
the tip point, and, in simulation, natural frequencies are calculated by using the time responses obtained from
SimMechanics. After the Fast Fourier Transform (FFT) is applied to the free vibration responses obtained
from the experiment. Experimental vibration and frequency response is shown in Figure 3.
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Figure 3. a) vibration and b) frequency responses

Modal analysis results for first natural frequencies are calculated as 5.23 Hz for the experiment and 5.23 Hz
for the simulation, respectively. As seen from modal analysis results, it is observed that the results of the
experimental and simulation natural frequencies are successfully matched well. The accuracy of the
SimMechanics model is experimentally confirmed with the modal analysis results for the first natural
frequency.

Undamped natural frequency results are utilized to determine the motion parameters as described in
Ref.(Malgaca & Uyar, 2019). In the vibration analysis of FM, three different stopping positions for the
trapezoidal motion curve are defined as 10, 30 and 60 degrees. Motion time is taken as tn=1 s. Motion and
time parameters are calculated as listed in Table 1.

Table 1. Motion parameters for trapezoidal velocity curve

Motion curves 0 [°] ta[s] ta [s] tm [S] ©Omax [rad/s]

Cia 0.7131 0.0956
Cig 0.6175 0.1912
Cic 10 0.5219 0.2868 1 0.2930
Cip 0.4263 0.3824
Cie 0.3307 0.4780
Caa 0.7131 0.0950
Cap 0.6175 0.1912
Cac 30 0.5219 0.2868 1 0.8791
(&) 0.4263 0.3824
Ca 0.3307 0.4780
Csa 0.7131 0.0950
Csp 0.6175 0.1912
Csc 60  0.5219 0.2868 1 1.7582
Cip 0.4263 0.3824
Cse 0.3307 0.4780

In Table 1, time and motion parameters are given for three stopping positions of the trapezoidal velocity
curve. Motion curve is applied to the revolute joint element to move the manipulator in simulation and to
drive the manipulator by using the servo motor and driver in the experiment.

3. Experimental system

In this study, the experimental set-up is used to verify the simulation results based on SimMechanics as
shown in Figure 4.
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Figure 4. Experimental and measurement system

In the experimental and measurement system, there is a single-link flexible manipulator, an acceleration
sensor and base station, a data acquisition card (DAQ), a personal computer (PC), a servo motor, and driver.
The acceleration sensor providing wireless-based data communication is located at a distance of 20 mm from
the tip point of the FM. The Servo motor and driver of Mitsubishi Electric company with 200 W are used in
the experiment. The servo motor is connected to the FM with the gearbox via a Fixture. The gearbox of
Harmonic Drive company is utilized with a gear ratio of 100 for the servo motor. In order to drive the FM,
the motion card of Adlink PCI-8366 which is communicated with the servo driver in serial by the SSCNET
network, is used. And, motion card is programmed by using Visual Basic (VB) commands. VB program is
prepared to create the motion profile. In the VB program, pulses are produced by using the velocity values

corresponding to each time step by the time and motion parameters of the trapezoidal motion profile given in
Table 1. The pulses generated to move the manipulator are sent synchronously to the servo driver via VB.
The servo driver and motor are connected to each other with SSNET communication protocol.

During the movement of the manipulator, vibrations occur at the endpoint, which is considered the free
point. The endpoint acceleration signals are measured synchronously with the wireless accelerometer.
Acceleration data is transmitted to the base station by the wireless communication protocol. After the data is
processed, the acceleration signals are transmitted to the computer via the WSDA base station and then
recorded to the PC via the Node Commander program of Microstrain company. The sampling frequency of
the sensor is selected as 512 Hz and signals are filtered with a cut-off frequency of 20 Hz by using the low-
pass Butterworth filter.

The FM moves from a rest position at t=0 s to a stopping position at t=tn. After completing the movement of
FM, the residual section begins at t=t, and completes at t=t.. For three different motion curves, acceleration
signals at the endpoint of the FM are obtained during the time from the rest position to the residual position.

4. Results and discussions

The experimental and simulation results are obtained for three different motion curves. For motion time t,=1
s, example vibration responses for Cia.i, C2a-28 and Csa-3g motion curves are shown in Figure 5.

Figure 5 presents the experimental and simulation results for example motion curves. When the acceleration
responses are examined, it is clear that the acceleration amplitudes are high at t,=1 s when the manipulator
completes its movement. While the endpoint acceleration responses are obtained, the vibration responses of
the manipulator are obtained by subtracting the rigid body motion curve from the flexible body motion
curve. Therefore, it is obvious that high amplitude acceleration vibration responses are obtained in the
stopping position due to the inertia of the manipulator. As seen from Figure 5, the vibration amplitudes for
the motion profile C; vibrate with a maximum and a minimum of approximately +4 m/s?, while these values
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for Cy, Cs are maximum £12 m/s?, and +24 m/s%, respectively. It is clear that maximum vibration amplitudes
are obtained for Cia, C2a and Csa in all three different cases.
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Figure 5. Vibration time responses for a-b) Cia-ig, ¢-d) Caa-z, and e-f) Csa s

As seen from Figure 5, it is observed that experimental and simulation vibration responses matched each
other well in motion profiles with both maximum and minimum vibration amplitudes. For all cases, root
means square (RMS) values of the acceleration responses are computed in order to find the Prediction Error
Criteria (PEC) which is a criterion that checks the compatibility of the reference model for a specific model.
The reference model is selected as experimental studies while the specific model is defined as simulation
method based on SimMechanics. In this study, PEC is determined by the Percent Error Rate (PER) of the
RMS values of the acceleration responses in the experiment and simulation. RMS values are calculated for
the experimental and simulation results and listed in Table 2.

Table 2. RMS values

Motion RMS Values [m/s?]

curves Simulation Experiment
Cia 1.5235 1.4417
Cis 0.2124 0.1618
Cic 0.6546 0.6485
Co 0.3308 0.3587
Cie 0.6795 0.6073
Caa 4.2101 3.7849
Cas 0.6878 0.6078
Cac 1.5822 1.5015
Cw 0.7832 0.7480
Cae 1.4314 1.3527
Csa 6.8244 6.7530
Css 1.2474 1.1427
Csc 3.0072 2.8751
Csp 1.5211 1.4532
Cse 2.7267 2.5978

In Table 2, RMS values are presented to evaluate PER values of experimental and simulation results. For
PER values, RMS values for experimental vibration responses are considered as reference values. For three
different motion curves, PER values are calculated and presented in Figure 6.
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Figure 6 shows PER values of all motion curves for the simulation and experimental studies. For Cia.g, PER
values are found as 5.36%, 3.32%, 0.40%, 1.83%, and 4.74%, respectively.

While the maximum PER value for Cza is obtained as 10.10%, it is also observed that it is the highest PER
value for all cases, and when all motion curves are compared, the minimum PER values are found for the Cs
motion curves according to the other motion curves. For all cases of the Cs motion curve, the experimental
results are successfully matched well with the simulation vibration responses. If the 10% value of PER is
accepted as the reference value for the accuracy of the simulation model, it has been observed that the
simulation model is in good agreement with the experiments for all velocity profiles. Briefly, the proposed
modeling method based on SimMechanics is verified with the experiments for three different stopping
positions and five different motion curves for each position.

5. Conclusions

In this work, the dynamic modeling of a single-link flexible manipulator is investigated in order to confirm
the proposed modeling method with experimental studies. The simulation model based on SimMechanics is
designed in MATLAB/Simulink. Motion curves for different stopping positions are defined to move the
manipulator. Acceleration vibration responses at the endpoint of the FM are obtained with simulations and
experiments. The simulation results are successfully verified with experiments. Also, the proposed method
for different stopping positions and cases is supported by experimental results.

The accuracy of the modeling approach of the SimMechanics-based dynamic modeling method is increased
by experimental studies. Therefore, since the simulation and experimental vibration results are successfully
matched with each other, the proposed method leads to its use in mechanical systems such as flexible
manipulators. It is advantageous to use the proposed approach in obtaining dynamic models of complex
structures that are analytically modeled. Moreover, while control methods applied to finite element analysis
are limited in commercial applications such as ANSYS, different and modern control methods can be applied
to dynamic models in MATLAB.
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Abstract

The study set out to look at the clinical strain of A. faecalis's antibiotic susceptibility pattern. Both biochemical and
molecular approaches were used to identify A.faecalis. The VITEK compact system was used to analyze the strain's
antibiotic susceptibility profile. The use of PCR was evaluated to determine the presence of resistance genes. It was also
determined whether resistance determinants could be transferred. It was determined that A. feacalis showed resistance
to imipenem, cefepime, ceftazidime, gentamicin, amikacin, netilmicin, tobramicin, ciprofloxacin, and levofloxacin. The
blavim-4-iike geNe was present in this strain, according to the results of the PCR and DNA sequencing studies. In contrast
to VIM-4, this blayvim-s-iike gene showed one amino acid change (Ala265Val).Filter-mating experiments showed that the
blavim--ike gene cannot be transferred from A. faecalis to E. coli. In this study, This research, demonstrated the presence
of the blavim-s-iike gene for the first time in A. faecalis from Turkey.

Keywords: A. faecalis, gnrB, VIM-4

Oz

Calismanin amaci, A. faecalis klinik susunun antibiyotik duyarlilik paterninin arastirmaktir. A. faecalis hem
biyokimyasal hem de molekiiler yontemlerle tamimlanmistir. VITEK kompakt sistemi, susun antibiyotik duyarhilik
profilini analiz etmek igin kullanildi. Direng genlerinin belirlenmesi, PCR yontemi kullanilarak degerlendirildi. Ayrica,
direng belirleyicilerinin aktarilabilirligi arastirildl. A. feacalis'in imipenem, sefepim, seftazidim, gentamisin, amikasin,
netilmisin, tobramisin, siprofloksasin ve levofloksasine diren¢ gosterdigi belirlendi. PCR ve DNA dizi analizleri, bu
susun blaviv-a benzeri gene sahip oldugunu ortaya ¢ikardi. Bu blaviv-siike 9€N, VIM-4'e kiyasla bir amino asit ikamesi
(Ala265Val) sergiledi. Filtre eslestirme deneyleri, blaviv-aiike 9€NIN A. faecalis'ten E. coli'ye aktarilamayacagin
gosterdi. Bu calismada, Tiirkiye'den A. faecalis'te ilk kez blavim-s-ike genin varligi ortaya konmustur.

Anahtar kelimeler: A. faecalis, qnrB, VIM-4
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1. Introduction

Gram-negative, aerobic, rod-shaped Alcaligenes faecalis bacteria are found in soil and water. They are
oxidase, catalase, and citrate positive. (Pereira et al., 2000; Khajuria et al., 2013). A. faecalis can cause
dangerous opportunistic infections and is also present in the microbiome of humans. (Pereira et al., 2000).
This organism often causes nosocomial infections including sporadic endocarditis, meningitis, chronic otitis,
urinary tract infections, infantile gastroenteritis, pyelonephritis, bacteremia, peritonitis, endophthalmitis,
nosocomial pseudobacteremia, and abscesses (Tena et al., 2015; Kavuncuoglu et al., 2010; Khokhar et al.,
2002; Ashwath & Katner, 2005) and is usually seen in immunocompromised hosts (Tena et al.,2015).

A. faecalis is typically not susceptible to aminoglycosides, chloramphenicol, or tetracyclines; however, it is
susceptible to trimethoprim/sulfamethoxazole (TMP-SMX). Moreover, it is usually susceptible to B-lactams
such as ureidopenicillin, ticarcillin-clavulanic acid, cephalosporins, and carbapenems (Wisplinghoff, 2017).
Aminoglycoside resistance may occur in strains by different mechanisms. One of which is the inactivation or
modification of aminoglycosides (Doi et al., 2016). Aminoglycoside phosphotransferase encoding genes;
strA, strB, aphA6 (Mantengoli & Rossolini, 2005), aminoglycoside nucleotidyltransferase encoding gene;
ANT (2”’)-la (Al Laham et al., 2017), aminoglycoside acetyltransferase encoding genes; aacA4 (Al Laham et
al., 2017), aac(3)-11 (Hidalgo del Rio, 2014), aac(6’)-1 (Dubois et al., 2006), Aac-6 -Ib-cr (De Paiva, 2015),
AAC(3)-Il-b (Hidalgo del Rio, 2014), and aminoglycoside adenyltransferase encoding genes; aadA2
(Adelowo & Fagade, 2012), aadB (Al Laham et al., 2017), aadAll (Agerse & Sandvang, 2005), aadAl
(Barlow et al., 2008) were found in A. faecalis. Five class integrons have been identified to date and these
genetic structures play major role in spreading antibiotic resistance genes (Cury et al., 2016). Class | and
Class Il integrons were found in A. faecalis. aadB-blaviv-2 -dfrA34-aacA4-dfrB5 (Al Laham et al., 2017),
aadA2-sul-1B-qacEA1-F (Adelowo & Fagade, 2012), aadAll-dfrAl (Agerse & Sandvang, 2005), and
aadAl (Barlow et al., 2008) gene cassette arrays with integrase | gene were identified in this bacteria. p-
lactamases are enzymes found in various bacterial species that can inactivate chemical compounds like
penicillins. B-Lactamases are composed of Class A, B, C and D (Bush, 2018). B-lactamases production is
one of the most important causes of multidrug resistance among bacteria. (Bush, 2010). Class A pB-lactamase
PER-1 (Mantengoli & Rossolini, 2005), TEM-21 (Dubois et al., 2006), SHV (Adesoji & Ogunjobi, 2016),
CTX-M1 (Zeynudin et al., 2018) and class B metallo Blactamase VIM-4 (Al Laham et al., 2017), VIM-2 (Al
Laham et al., 2017), VIM-6 (Khajuria et al., 2013), NDM-1 (Wang et al., 2013), IMP-1 coding genes have
been reported in A faecalis. Efflux of the drug are cellular formations that provide resistance to antibiotics.
More than 40 genes (tet-genes) encoding tetracycline resistance have been characterized to date, and most of
them encode membrane-associated efflux proteins (Meoller et al., 2016). The second most common
tetracycline resistance flow pump, tetA (Mgller et al., 2016) was reported in A. faecalis isolates.
Fluoroquinolones are potent, antibiotics for the cure of severe or resistant infections. However, resistance to
fluoroquinolones has been developing in recent years and causes problems in clinical settings. Plasmid-
mediated quinolone resistance (PMQR) genes cause resistance to fluoroquinolones. The first report of this
gene is the presence of the gnrA gene on the plasmid in K. pneumoniae. (Redgrave et al., 2014).
Fluoroquinolones resistant A. faecalis isolates have been reported in Angola (Filipe et al., 2017).

In this paper, it was focused to determine the antibiotic resistance pattern and analyze the transferability of
the resistance in A. feacalis isolated from the urine sample of a patient in Trabzon Fatih State Hospital in
Tirkiye.

2. Material and method
2.1. Bacterial strain and antimicrobial susceptibility test

From urine cultures taken in 2017 at Trabzon Fatih State Hospital, an A. faecalis clinical strain was
identified. Utilizing the VITEK system 2 Compact automated system (biomeriux, France), the strain's
biochemistry was identified, and tests for antibiotic susceptibility were run.

The results were verified using 16S rDNA (Primers 27F: AGAGTTTGATCMTGGCTCAG, 1492R
GGYTACCTTGTTACGACTT used in 16S rDNA). Antibiotic susceptibility testing was conducted using
cefepime, aztreonam, piperacillin, ceftazidime, imipenem, meropenem, amikacin, gentamicin, netilmicin,
tobramycin, ciprofloxacin, and colistin. The results were assessed in accordance with the EUCAST 2017
guidelines (EUCAST, 2017).
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2.2. Total DNA isolation

The isolate was inoculated into 3 ml of antibiotic-free Luria-Bertani (LB) medium and incubated overnight at
37°C for 16 hours. The sample's DNA was extracted from the bacterial culture using the boiling procedure.
A 1 minute, 10,000 rpm centrifugation was performed on 1 ml of the culture. After discarding the
supernatant and washing the pellet once in 1 mL of sterile water, the pellet was given another 1 mL of sterile
water. The suspension was centrifuged for 10 minutes at a speed of 13000 rpm after boiling it for 10 minutes
at 100 °C. The supernatant was stored for use in PCR after centrifugation (Cigek et al., 2013).

2.3. Detection of antibiotic resistance genes and integrons by PCR

blaoxa-23, blaoxa-24, blaoxa-s, blaoxa-ss, blavim, blaves, blaciv, blaser, blame, blaces, blatem, blasky, blactxwv-
1, blactxm-2, blanowm, blasiv, gnrA, gnrB, gnrS, aac6-1b and integrons primers used in the PCR reaction (Table
1). Reaction buffer (5 pL), MgCI (3 pL 25 mm), dNTP (1 pL 4 mm), primers 10mM (1 pL), genomic DNA
(5 uL), and GO Taq polymerase (1 U) were prepared to a final volume of 50 microliters. PCR products were
run on an ethidium bromide-containing 1% agarose gel and then visualized using UV light and the outcomes
were assessed in light of the positive controls' molecular weights, which were discovered to include
antibiotic resistance genes in earlier investigations.

Table 1. Primers Used in Polymerase Chain Reaction

Primer 5'-3' References

blaoxa4s F: TTGGTGGCATCGATTATCGG Iraz et al., 2014
R: AGCACTTCTTTTGTGATGGC

blaoxa2z F: GATCGGATTGGAGAACCAGA Woodford et al., 2006
R: ATTTCTGACCGCATTTCCAT

blaoxa24a F: GGTTAGTTGGCCCCCTTAAA Woodford et al.,2006
R: AGTTGAGCGAAAAGGGGATT

blaoxass F: AAGTATTGGGGCTTGTGCTG Woodford et al.,2006
R: CCCCTCTGCGCTCTACATAC

blaces F: ATGCGCTTCATTCACGCAC Moubareck et al.,2009
R: CTATTTGTCCGTGCTCAGGA

blaves F:ATTTCCCGATGCAAAGCGT Moubareck et al., 2009
R: TTATTCCGGAAGTCCCTGT

blaper-2 F: ATGAATGTCATCACAAAATG Celenza et al.,2006
R: TCAATCCGGACTCACT

blaimp F: CATGGTTTGGTGGTTCTTGT Jeon et al.,2005
R: ATAATTTGGCGGACTTTGGC

blavim F: ATTGGTCTATTTGACCGCGTC Jeon et al.,2005
R: TGCTACTCAACGACTGAGCG

blanom:  F: GAGATTGCCGAGCGACTTG Cicek et al.,2014
R: CGAATGTCTGGCAGCACACTT

gnrS F: ACGACATTCGTCAACTGCAA Vasilaki et al.,2008; Cattoir et al.,2007
R: TCTAAACCGTCGAGTTCGGCG

gnrA F: AGAGGATTTCTCACGCCAGG Vasilaki et al.,2008
R: CCAGGCACAGATCTTGAC

gnrB F: GGMATHGAAATTCGCCACTG Cattoir et al.,2007
R: TTTGCYGYYCGCCAGTCGAA

blatem F: AGTATTCAACATTTYCGTGT Copur Cicek et al.,2013a
R: TAATCAGTGAGGCACCTATCTC

blasnv F: ATGCGTTATATTCGCCTGTG Copur Cicek et al.,2013a
R: TTAGCGTTGCCAGTGCTC

blactxm1 F: GCGTGATACCACTTCACCTC Copur Cicek et al.,2013a
R: TGAAGTAAGTGACCAGAATC

blactx-mv2 F: TGATACCACCACGCCGCTC Copur Cicek et al.,2013a
R: TATTGCATCAGAAACCGTGGG

blacim F: TCGACACACCTTGGTCTGAA Ellington vd., 2007; Woodford 2010
R: AACTTCCAACTTTGCCATGC

blasim F: TACAAGGGATTCGGCATCG Ellington et al.,2007; Woodford 2010
R: TAATGGCCTGTTCCCATGTG

intl1 F: ACATGTGATGGCGACGCACGA Copur Cicek et al.,2013b
R: ATTTCTGTCCTGGCTGGCGA

intl2 F: CACGGATATGCGACAAAAAGGT Copur Cicek et al.,2013b
R: GTAGCAAACGAGTGACGAAATG
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2.4. Cloning of blavim-iype Metallo-Beta Lactamase Gene

A cloning experiment was performed to detect genes encoding blavimiike in our strain. Ligation experiment
was performed according to the guide in the kit (p(GEM®-T Easy Vector Systems, A1360). Ligation Product
was transferred to E. coli DH5a strain and DNA isolation was performed from positive plasmids obtained
after transformation. All plasmid DNAs were sent to Sentegen (Ankara) for DNA sequence analysis.
Sequence results were evaluated using the CLUSTAL W and BLAST bioinformatics programs. The DNA
sequence was uploaded to GenBank.

2.5. Transferability of antibiotic resistance by conjugation

The resistance transfer test was carried out using conjugation experiments. (Rice et al., 1990). Equal amounts
of the donor (A. fecalis) and receiver (E. coli K-12 strain J53-2) bacteria were planted in antibiotic-free
Luria-Bertani media before being cultured at 37°C for 20 hours. After incubation, transconjugants were
identified using Eosin-Methylene Blue (EMB) agar.

3. Results and discussion

A. faecalis was isolated from urine culture. Both molecular and biochemical techniques were used to identify
isolated A. faecalis. The isolate underwent a VITEK test for antibiotic susceptibility, and the outcomes were
assessed in accordance with EUCAST 2017 (EUCAST 2017). The isolate was positive for resistance to
ceftazidime, cefepime, imipenem, amikacin, gentamicin, netilmicin, tobramicin, ciprofloxacin, and
levofloxacin in the antibiotic susceptibility test. The strain was found to be moderately sensitive to
aztreonam and meropenem. Additionally, piperacillin and colistin were effective against A. faecalis. (Table
2). PCR was used to check for Blactamase genes (blaoxa-23, blaoxa-24, blaoxa-s, blaoxass, blavim, blaves,
blaciv, blaper, blaive, blaces, blatem, blaswy, blactxm-1, blactxm-2, blanowm, blasiv), quinolone resistance genes
(gnrA, gnrB and gnrS) and Class | and Il integrons. The strain was found to carry the gnrB (Figure 1). The
isolate was also class | integron positive.

Table 2. Antibiotic susceptibility profile of A. faecalis

Antibiotics MIC (pg/mL) R/S/I
Piperacillin 16 S
Ceftazidime >=64 R
Cefepime >=32 R
Aztreonam 16 |
Imipenem >=16 R
Meropenem 8 |
Amikacin >=64 R
Gentamicin 8 R
Netilmicin >=32 R

R/S/I values were evaluated according to EUCAST.
(R:Resistant, S: sensitive, I: moderately sensitive)

Among the Blactamase resistance genes investigated, the strain carried only VIM-type metallo-p lactamase
(Figure 1). After being cloned into the pGEMT, the blavim gene was forwarded for sequencing analysis. The
sequence result showed that this gene was 99% similar blavims. A single amino acid was found to be
different between VIM-like and VIM-4. (A265V). Therefore, this VIM-like was found to be the new VIM
variant and it is named to VIM-4-like. The nucleotide sequence of the VIM-4-like was uploaded to the
Genebank (accession number: MN792829).
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Figure 1. PCR gel image of samples
(1:gnrB, M: Marker, 2 :VIM)

Conjugation experiments were performed between A. faecalis and E.coli K-12 strain J53-2 and no
transconjugant was obtained.

The gram-negative, oxidase-positive, rod-shaped A. faecalis is classified as an environmental bacterium and
rarely causes clinically important infections in humans (Kahveci et al., 2011). The most frequent reason for
technical failure in peritoneal dialysis (PD) is likely peritonitis, a major side effect of PD. 16% of individuals
with PD die as a result of this infection (Szeto et al., 2011). A. faecalis peritonitis was reported in two cases
of PD from Tiirkiye. These patients recovered under antimicrobial therapy alone, and catheter removal was
not necessary. (Kavuncuoglu et al., 2010; Kahveci et al., 2011).

A. faecalis that was resistant to carbapenems, polymyxins, and even tigecycline was isolated in the blood
culture of a 60-year-old female patient with a history of diabetes mellitus and hypertension in the ICU of a
hospital in Bangladesh (Hasan et al., 2019). Skin and soft tissue infections from the University of
Guadalajara Hospital (Spain) were examined and A. faecalis was isolated from five patients. As a result of
this study, it was reported that in particular, post-operative patients and individuals with vascular disorders
should be aware of this organism's potential pathogenicity (Tena et al., 2015).

In this study, A. faecalis that was resistant to ceftazidime, cefepime, imipenem, amikacin, gentamicin,
netilmicin, tobramicin, ciprofloxacin, and levofloxacin was isolated from a flaxide tetraplagy patient in
Tirkiye.

Fluoroquinolone (ciprofloxacin, levofloxacin), cephalosporin (cefepime, ceftazidime, cefotaxime),
aminoglycoside (gentamisin, tobramycin), carbapenem (imipenem, meropenem), penicillin (ampicillin,
piperacillin), B-lactam/B-lactamase inhibitor combination (amoxicillin-clavulanate, piperacillin-tazobactam),
aztreonam, trimethoprim-sulfamethoxazole, chloramphenicol, tetracycline resistance has been observed in
different A. faecalis isolates from Angola, Bangladesh, Spain (Filipe et al., 2017; Hasan et al., 2019; Tena et
al., 2015).

Because quinolones are frequently used to treat urinary tract infections, there has been an increase in
guinolone resistance. Many distinct enterobacterial species, including K. pneumoniae, Enterobacter spp., E.
coli, and Salmonella enterica isolates, have been identified to carry the genes gnrA, gnrB, and gnrS. (Poirel
et al., 2012). gnrB genes are more common than other gnr genes. A. faecalis clinic isolate had gnrB found in
this paper. The resistance of the strain to fluoroquinolones such as ciprofloxacin and levofloxacin may be
associated with the presence of gnrB.

Five isolates carrying VIM from Gaza were found to be intermediate resistant or resistant to imipenem, but
susceptible to meropenem except one isolate (Al Laham et al., 2017). Similar to this result, we determined
that the isolate we studied was resistant to imipenem and intermediate resistant to meropenem. This is likely
to be the result of the effect of the VIM type carbapenemase on carbapenem susceptibility profile. Because
VIM type carbanemases have higher imipenem hydrolysis activities than those of meropenem (Al Laham et
al., 2017).

By facilitating horizontal gene transfer between Gram-negative bacteria, integrons, one of the mobile
element types referred to as natural gene capture systems in bacteria, are crucial in the spread of antibiotic
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resistance. (Copur Cigek et al., 2013). Using primers tailored to conserved areas, the presence of class | and
class Il integrons in the A. faecalis isolate was examined. It was discovered that the isolate only possessed a
class | integron. This non-fermentative uncommon Gram negative bacterium had class | and class Il
integrons with various gene cassette arrays, and the origin of these integrons was choromosamal or plasmid.
(Al Laham et al., 2017; Adelowo & Fagade, 2012; Agersg & Sandvang, 2005; Barlow et al., 2008). The
presence of aac6-1b gene in A. faecalis isolate which was resistant to the tested aminoglycoside antibiotics
was investigated by PCR and the gene was not found. Another allele of aminoglycoside acetyltransferase or
one of the other aminoglycoside modifying enzymes may cause aminoglycoside resistance in this strain.
Only the subclass B1 metallo beta lactamase encoding blavim was detected among the investigated genes
(blaoxa-23, blaoxa=zs, blaoxass, blaoxass, blavim, blaves, blagim, blaper, blave, blaces, blarem, blasnv,
blactxm-1, blacTxm-2, blanowm, blasim, gnrA, gnrB, gnrS) in A. faecalis isolate. The sequence result of blavim
showed that this sequence was 99% differ from VIM-4 with one amino acid substitution (A265V).

This amino acid exchange of VIM-type metallo $-lactamases has not previously been observed in A. faecalis.
According to our knowledge, VIM-4-like with A265V amino acid substitution was found for the first time in
A. faecalis in Tirkiye. In previous studies, new allele of VIM type metallo Blactamases (VIM-5, VIM-38)
have been reported in P. aeruginosa in Tirkiye (lraz et al., 2014). There was an amino acid difference
between VIM-5 and VIM-38, which was A265V. Results of a study that characterized the kinetic and
biochemical properties of VIM-5 and VIM-38 revealed that they had remarkably similar catalytic activities
against B-lactam substrates (Makena et al., 2015).

In a study, the conjugation assay was performed using the clinical strain A. faecalis Af1930 (with blatem-21
gene) as donor and azide resistant Escherichia coli C600, rifampicin and nalidixic acid resistant E. coli K12
or rifampicin resistant mutant P. aeruginosa ATCC 27853 strains as recipient. As a result of this study,
ESBL producing transconjugant could not be obtained. In addition, the plasmid was isolated from Af1930
could not be transferred to E. coli DH50. (Dubois et al., 2006). In another study, it was found that tetA and
intl genes from A.faecalis can be transferred together to Psedomonas putida by conjugation. A. faecalis with
conjugative plasmid was isolated from manured soil and pigsty environment. This suggests that A. faecalis
contribute to the horizontal transfer of resistance genes. (Agerse & Sandvang, 2005). As a result of our
conjugation experiment using A. faecalis isolate harboring the VIM-4-like gene (as a donor) and E.coli strain
(as a recipient), we could not obtain any transconjugate. These two results suggest that the blavim-s-iike gene
and other identified genes (gnrB, class | integron gene cassette) are of chromosomal origin. In contrast to our
results, VIM-4 was found in integron originated from plasmid (Al Laham et al., 2017).

4. Conclusions

In A. faecalis isolate derived from clinical sample, antibiotic resistance was identified. Although not
regularly, infections brought on by A. faecalis isolates resistant to antibiotics have been documented from
various parts of the world. A. faecalis has been shown to have p-lactamases such PER-1, TEM-21, SHV,
CTX-M1, VIM-4, VIM-2, VIM-6, NDM-1, and IMP-1 that lead to B-lactam resistance. Our study is the first
to document the existence of an A. faecalis isolate harboring VIM in Tiirkiye.
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Oz

Bu ¢aligsmada, bir yazilim iriiniiniin hata ayiklama ve test etme maliyetlerinin hesaplanmasi amaciyla geometrik siire¢
(GS) modeli ele alinacaktir. GS model varsayimi altinda, yazilim {iriiniiniin hata ayiklama ve test etme maliyetleri
GS’nin birinci ve ikinci moment fonksiyonlarma bagli olarak elde edilmektedir. Bu durumda, maliyetlerin
hesaplanabilmesi i¢in siirecin birinci ve ikinci moment fonksiyonlarinin degerlerinin bilinmesi gerekmektedir. Aym
zamanda, moment fonksiyonlarinin hesabt da hem GS'nin ilk olay zamanmin dagilimina hem de model ve dagilim
parametrelerinin tahminlerine baglhdir. Bu c¢alismada, gercek zamanli bir komut ve kontrol sisteminin 136 hata
zamanini iceren veri kiimesi icin hata ayiklama ve test etme maliyetleri hesap edilecektir. lgili veri kiimesi icin daha
onceki caligmalarda ilk olayin ger¢eklesme zamani gamma dagilimma sahip olan bir GS’nin model olarak
onerilebilecegi gosterilmistir. Bu nedenle, gamma dagilimi varsayimi altinda model parametrelerinin en ¢ok olabilirlik
tahminleri elde edilmektedir. Model parametrelerinin tahmin degerleri kullanilarak GS’nin birinci ve ikinci moment
fonksiyonlari, bu fonksiyonlar i¢in &nerilen sayisal yontemler yardimiyla hesaplanmaktadir. Son olarak, veri kiimesi
i¢in hata ayiklama ve test etme maliyetleri elde edilmektedir.

Anahtar kelimeler: Geometrik siireg, Hata ayiklama maliyeti, Moment fonksiyonlari, Test etme maliyeti

Abstract

In this study, the geometric process (GP) model is considered in order to calculate the debugging and testing costs of a
software product. Under the assumption of the GP model, the debugging and testing costs of the software product are
obtained depending on the first and second moment functions of the GP. It is observed that the values of the first and
second moment functions of the process must be known in order to calculate the debugging and testing costs. At the
same time, the calculation of moment functions also depends on both the distribution of the first interarrival time of the
GP and the estimates of the model and distribution parameters. In this study, the proposed debugging and testing costs
are calculated for the data set containing 136 failure times of a real-time command and control system. For this
dataset, it has been shown in previous studies that the GP with gamma distribution can be proposed as a model. Under
gamma distribution assumption, the maximum likelihood estimates of the model parameters are obtained. Using the
estimates of the model parameters, the first and second moment functions of the GP are calculated with the help of the
numerical methods proposed for these functions. Finally, the debugging and testing costs are obtained for the data set.
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1. Giris
1.Introduction

Yazilim testi, yazilim iiriinlerindeki hatalarin tespiti i¢in kullanilan etkili ve gerekli bir yontemdir. Ancak
biiylik bir yazilim programi igerisindeki tiim birimler ilizerinde meydana gelebilecek hatalarin tespiti icin
gergeklestirilen kapsamli bir test etme islemi pratik olmayabilir. Hata ayiklama ve test etme siireci hatalar1
azaltirken, Urlinlin gelistirilmesi i¢in katlanilmas1 gereken maliyeti artiracaktir. Aslinda, yazilim iyilestirme
siirecinde belirli bir seviyeye ulastiktan sonra yazilim giivenirligini artirmak i¢in yapilan ek calismalar hem
maliyette hem de hata ayiklama zamanlarinda iistel bir artisa neden olacaktir. Béyle durumlarda test etmeyi
birakma zamanlarinin ya da {irliniin piyasaya siiriilme zamanlarinin belirlenmesi 6nemli bir problem olarak
degerlendirilir. Giintimiize kadar arastirmacilar, birgok yazilim giivenirligi modeli ilizerinde c¢aligmalar
gerceklestirmislerdir. Model olarak homojen olmayan Poisson stirecinin kullanildigi ¢aligma Pham ve Zhang
(1997), Markov siireglerinin kullanildig1 ¢alisma Tokuno ve Yamada (1999), Bayesci istatistigin kullanildig1
calisma Pham ve Pham (2000) ve Kklasik istatistiksel yontemlerin kullanildigi ¢aligma Gutjahr (2015)
literatiirdeki 6nemli ¢aligmalar arasinda yer almaktadir. Yazilim giivenirligi iizerinde bu kadar yogun bir
arastirma yapilmis olmasina ragmen hata ayiklama ve test etme maliyetlerinin tahmin edilebilmesi ve iiriiniin
hangi zamanda piyasaya siiriileceginin belirlenmesi i¢in uygulamaya yonelik daha gergeke¢i yaklagimlarin
kullanildigr model varsayimlarina hala ihtiya¢ duyulmaktadir. Bu calismada ilgili gereksinimi karsilayan,
hem hata ayiklama hem de test etme maliyetleri icin bir model olarak énerilen GS modeli ele alinacaktir. ilk
kez Lam tarafindan tanimlanan GS, olasilik ve uygulamali istatistigin bir¢ok alaninda kullanilan 6nemli bir
sayma siirecidir.

1.1. Geometrik siirec
1.1.Geometric process

Tanmm 1: X;, ilk olayin gerceklesme zamami ve X, (k —1). olay gerceklestikten sonra k. olay
gerceklesinceye kadar gegen zamani gostermek iizere {a*~1X,, k = 1,2, ...} birbirlerinden bagimsiz ve aym
F; dagilim fonksiyonuna sahip rasgele degiskenlerin bir dizisi olacak sekilde bir a > 0 reel sayis1 varsa
{Xi, k = 1,2,...} dizisi iizerine kurulu bir {N(t),t > 0} sayma siirecine a oranl bir GS denir. Burada F; ilk
olayin gergeklesme zamaninin dagilim fonksiyonudur.

{N(t),t = 0} sayma siireci a oranl ve ilk olayin gergeklesme zamanimin dagilimi F; olan bir GS olsun.
GS’nin tanimina gore, X, rasgele degiskeninin dagilim fonksiyonu, ilk olayin ger¢eklesme zamanina ait
dagilim fonksiyonu ile tek olarak belirlenir. Yani, Fj(x) = F; (ak_lx),k = 1,2, ... Buradan a < 1 i¢in GS
stokastik artan iken a > 1 i¢in stokastik azalandir sonucuna ulasilir. a = 1 iken GS bir yenileme siireci olur.

{N(t),t = 0} sayma siireci a oran parametresi ile bir GS olmak iizere
M;(t) =E(N(@®)),t=0 1)
ile tanimlanan M; fonksiyonuna GS’nin ortalama deger fonksiyonu veya kisaca geometrik fonksiyon denir.
Burada M; (t), (0, t] araliginda gergeklesen olaylarin ortalama sayisidir. M; geometrik fonksiyon dagilim
fonksiyonlarinin konvoliisyonlaria bagli olarak

M, (6) =ZF1*F2*...*Fk(t), £>0 @
k=1

biciminde y_azﬂabilir. M, fonksiyonu i¢in bir integral denklem, (1) ifadesinin ilk olay zamani olan X; rasgele
degiskeni tizerinden kosullandirilmast ile

®)
olarak elde edilir. GS modeli i¢in diger 6nemli bir karakteristik ise ikinci moment fonksiyonudur. {N(t),t >
0} sayma siireci a oran parametresi ile bir GS olmak {izere

M,(t) = E(N?2(8)),t =0

t
M, (t) = F(t) +J M;(a(t —x))dF(x),t =0
0

(4)
ile tanimlanan M, fonksiyonuna GS’nin ikinci moment fonksiyonu denir. M, ikinci moment fonksiyonu
dagilim fonksiyonlarinin konvoliisyonlarina bagh olarak
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Mo(®) =2 ) k(Fy Fy s o Fe(D) = Y Fy s Fy b F(9),62 0 ©
k=1 k=1

bi¢ciminde yazilabilir. GS’nin ikinci moment fonksiyonunun sagladigi bir integral denklem asagidaki teorem
ile verilir.

Teorem 1: {N(t),t = 0} sayma siireci a oranli bir GS olsun. (4) ifadesinin ilk olay zaman1 olan X; rasgele
degiskeni tizerinden kosullandirilmasi ile M, ikinci moment fonksiyonu i¢in

t

M, (t) = 2M,(t) — F(t) +f M,(a(t —x))dF(x),t =0
0

integral denklemini elde edilir (Pekalp &Aydogdu, 2018).

(6)

a <1 i¢cin GS’nin her mertebeden momentleri sonlu oldugundan her t = 0 i¢in M;(t) ve M,(t)
fonksiyonlari sonludur. a > 1 iken 6 = inf {x: F; (x) > F;(0)} olmak tizere t > ;—i icin My (t) ve M,(t)
fonksiyonlari sonlu degildir (Lam, 2007).

1.2. Literatiir taramasi
1.2 Literature review

M, ve M, fonksiyonlarinin (2) ve (5) denklemlerinde verilen dagilim fonksiyonlarinin konvoliisyonlarina
dayali tamimlan dikkate alindiginda, M; ve M, fonksiyonlarinin analitik olarak elde edilemeyecegi
goriilmektedir. Bu nedenle bu fonksiyonlarin sayisal yontemler yardimiyla hesaplanmasi gerekmektedir. M,
ve M, fonksiyonlarinin hesabi i¢in Aydogdu ve Altindag (2015) calismasinda Monte Carlo tahmin
yontemine dayali bir prosediir uygulanmistir. Ancak bu yontemin kullanigh ve uygulamasi kolay bir yontem
olmamasi nedeniyle alternatif olarak yamuk integrasyon ve kuvvet serisi a¢ilimi gibi yontemler ilgili
fonksiyonlarin (3) ve (6) ile verilen integral denklemlerinin sayisal ¢éziimii igin ele alinmistir. Tang ve Lam
(2007) caligmasinda M; fonksiyonu i¢in ve Pekalp ve Aydogdu (2018) ¢alismasinda M, fonksiyonu igin
yamuk integrasyon yontemini uygulayarak integral denklemlerin ¢6ziimlerini vermislerdir. GS’nin ilk olay
zamaniin dagilimi literatiirde siklikla karsilagilan iistel, gamma, Weibull ve lognormal gibi yasam
dagilimlar arasindan segilerek yamuk integrasyon yontemi drneklendirilmis ve bununla birlikte {istel dagilim
icin Aydogdu vd. (2013), Weibull dagilimi i¢in Aydogdu ve Karabulut (2014) ve gamma dagilimi igin
Pekalp ve Aydogdu (2021), M; ve M, fonksiyonlarin (3) ve (6) ile verilen integral denklemlerin kuvvet serisi
acilimlarini elde etmislerdir.

{N(t),t = 0} sayma siireci a oranli bir GS, E(X;) = u ve Var(X;) = a2 olsun. Bu durumda E(X;) = %

2
ve Var(Xy) = %,
onemli parametredir. Genellikle GS ile ilgili uygulamalarda bu parametrelerin tahmin problemleri ile
kargilasilmaktadir. Ustel, gamma, Weibull ve lognormal dagilimlarindan biri GS’nin ilk olay zamamnim
dagilim olarak ele almarak a, i Ve o2 parametrelerinin tahmin problemi kapsamli bir sekilde incelenmistir.
Lam ve Chan (1998) ¢alismasinda, ilk olay zamaninin lognormal dagilima sahip oldugu varsayimi altinda
GS i¢in istatistiksel ¢ikarim problemini ele almistir. Chan vd. (2004) ¢alismasinda ilk olay zamani gamma
dagilimima sahip GS i¢in istatistiksel ¢ikarim problemini incelemistir. Aydogdu vd. (2010) ilk olay
zamaninin Weibull dagilimina sahip oldugu varsayimi altinda parametrelerin tahmin edicilerini elde
etmiglerdir. Bahsi gecen tiim c¢alismalarda arastirmacilar parametreler i¢in en ¢ok olabilirlik tahmin
edicilerini onermislerdir.

k = 1,2, ... olarak elde edilir. Agiktir Ki a,u ve o2 parametreleri GS modeli i¢in ii¢

Parametre tahmin problemi literatiirde siklikla kullanilan yasam dagilimlar1 varsayimlari altinda detayl bir
sekilde incelenmistir. Ayrica yukaridaki ifadelerden de anlasilacagi tizere GS modeli ilk olay zamaninin
dagilimu ile tek olarak belirlenmektedir. Bu nedenle, GS’den gelen bir veri kiimesini en iyi sekilde temsil
eden yasam dagilimimnin hangisinin oldugunun belirlenmesi diger énemli bir problem olarak ele alinabilir.
Pekalp vd. (2022) ¢aligmasinda GS ile uyumlu oldugu, yani GS’nin bir model olarak kullanilabildigi bilinen
on veri kiimesinin hangi dagilim ile en iyi sekilde temsil edilecegini arastirmak amaciyla olabilirlik oranina
dayal1 T-istatistigini kullanmislar ve GS i¢in ilk olay zamaninin dagilimini bu kritere gore belirlemislerdir.
Dagilimin belirlenmesinin ardindan parametrelerin en ¢ok olabilirlik tahmin degerlerini de hesaplamiglardir.
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1.3. Motivasyon
1.3 Motivation

Hata ayiklama ve test etme maliyetlerinin belirlenmesi i¢in Onerilen bir yazilim modelinin asagidaki sorulari
yazilim gelistirme uzmanlar1 ve yoneticiler i¢in cevaplamaya yardimci olmasi beklenir: (1) Yazilim
iirlinlinlin zamaninda teslim edilebilmesi i¢in kaynaklar nasil kullanilmalidir? (2) Yazilim gelistirme
uzmanlari ve yoneticiler tirlinlin piyasaya ne zaman siiriileceginin belirlenmesi i¢in yazilim testi agamasindan
hangi bilgileri edinmelidir? Bu c¢alismada, yukaridaki sorulari cevaplayabilecek bir yazilim modeli olan GS
modeli ele alinacak ve bdylece GS modeli altinda, yazilimin piyasaya siiriilmesi icin belirlenecek optimal
zamanin, toplam yazilim maliyeti kriterine gore degerlendirilmesi yapilacaktir. GS modelinin
kullanilmasiyla geleneksel yazilim test etme yontemlerinden farkli olarak, test asamasinda yazilim hatasinin
meydana gelmedigi zaman bilgisi de model igerisine dahil edilmis olacaktir.

Caligmanin igerigi su sekilde tasarlanmistir: 2. Boliimde bir yazilim {iriiniiniin hata ayiklama ve test etme
maliyetleri i¢in ele alinan problemin ne oldugu ve bu probleme GS modeli ile nasil bir ¢éziim sunuldugu
verilecektir. 3. Boliimde 6nerilen maliyet fonksiyonlarinin GS modeli altinda nasil hesaplandigina yonelik
olarak adim adim uygulama siireci sunulacaktir. 4. Bolimde ger¢ek zamanli bir komut ve kontrol sisteminin
hata zamanlarini iceren veri kiimesi i¢in bir 6nceki bdliimde verilen yontem uygulanarak ilgili veri kiimesi
icin maliyet fonksiyonlart1 hesap edilecektir. Son bolimde ise calismanin genel bir degerlendirmesi
yapilacaktir.

2. Problemin tanimi
2 Problem description

Yazilim testi, yazilim {iriinlerindeki hatalar1 (arizalar1) ortadan kaldirmak igin giiglii bir ara¢ olarak
degerlendirilmektedir. Ancak, biiyiikk bir yazilim programinda kapsamli bir hata ayiklama ve test etme
islemlerinin gergeklestirilmesi her zaman miimkiin olmayabilir. Bu iglemler, yazilim firiiniindeki hata
icerigini azaltmakta ancak ayni zamanda iyilestirme maliyetlerini de dnemli Sl¢lide artirmaktadir. Aslinda,
yazilim iirtinii belirli bir gelisim diizeyine ulastiktan sonra, giivenilirligi artirmaya yonelik daha fazla ¢alisma
yapmak, maliyet ve hata ayiklama siiresinde ¢ok daha fazla artisa neden olacaktir. Bu nedenle, hata ayiklama
ve test etme islemlerinin ne zaman durdurulacagini veya {irliniin ne zaman piyasaya siiriilecegini belirlemek
onemlidir (Pham & Wang, 2001). Pham ve Wang (2001) ¢alismasinda yazilim iiriiniinde meydana gelen hata
zamanlarin1 modellemek igin a oran parametresiyle bir GS modeli {N(t),t = 0} 6nerilmektedir. Burada
N(t), her sabit t > 0 i¢in (0, t] araligindaki yazilim hatalarinin sayisini belirtir. Bu modelde yazilim hatasim
diizeltme maliyetinin W; = ¢y + (i — 1)U,i = 1,2, ... ile verilen bir rasgele degisken oldugu varsayilir.
Burada c, sabit bir maliyet degeri iken U, ortalamasi c¢; olan bir rasgele degiskendir. Ortadan kaldirilan veya
diizeltilen hatalarin sayisi arttik¢a bir yazilim hatasini diizeltme maliyeti de arttigindan bu varsayimin makul
oldugunu belirtmekte fayda vardir. Hata ayiklama ve test etme islemlerinin sonraki asamalarinda ortaya
cikan bir yazilim hatasin1 diizeltmek zorlagabilir. Bu durumda (0,¢] araliginda beklenen toplam hata

ayiklama maliyeti E (Zf’:(i)( co+ (- 1)U)) ile verilir. N(t) rasgele degiskeni iizerinden kosullandirma ile
bu maliyet M; ve M, fonksiyonlarina bagli olarak

_2c0— ¢ o) -
Ci(t) = TM1(t) +?M2(t).t =0 @)

bi¢ciminde yazilabilir. Ayrica, birim zaman basina test etme maliyetinin, ortalamasi ¢, olan bir rasgele
degisken oldugunu varsayilirsa t zamanina kadar beklenen toplam test etme ve hata ayiklama maliyeti
C,(t) =tc, + C(t),t =0

(8)

ile verilir.

C1(t) ve C,(t) maliyet fonksiyonlarim (7) ve (8) denklemlerinden hesaplamak i¢in ¢ zamanina kadar olan
yazilim hatalarinin sayisinin gosteren N(t) rasgele degiskeninin birinci ve ikinci moment fonksiyonlarinin,
yani M; ve M, fonksiyonlarinin hesaplamasi gerektigi aciktir. Bu fonksiyonlarin degerleri GS’nin ilk olay
zamaninin dagiliminin belirlenmesiyle bazi 6nemli yasam dagilimlar1 i¢in hesaplanabilir. Hesaplama
prosediirii bir sonraki boliimde agiklanacaktir.
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3. Hesaplama yontemi
3. Calculation procedure

{X1,X5, ..., X, } veri kiimesinin a oran parametresiyle bir GS’den geldigi varsayilsin. C; (t) ve C,(t) maliyet
fonksiyonlarini hesaplamak icin asagidaki adimlar uygulanir:

Adim 1. Literatiirde en ¢ok karsilasilan {istel, gamma, Weibull ve lognormal gibi 6nemli yasam
dagilimlarinin, GS’nin ilk olay zamaninin dagilimi oldugu varsayilarak a oran parametresinin ve dagilim
parametrelerinin tahmin degerleri hesaplanir. Gamma dagilimi igin Chan vd. (2004), Weibull dagilimi i¢in
Aydogdu vd. (2010) ve lognormal dagilim igin Lam ve Chan (1998) ¢alismalar1 incelenebilir.

Adim 2. Parametrelerin tahmin degerlerinin kullanilmasiyla onerilen yasam dagilimlarinin olabilirlik
fonksiyonlar1 hesaplanir. Dagilimlarin  karsilagtirilmas: amaciyla degerleri hesaplanan olabilirlik
fonksiyonlar1 oranlanir ve dogal logaritmasi1 alinarak T-istatistiginin degeri bulunur. Bu degerin sifirdan
biiyiik olmasi pay kisminda verilen dagilimin aksi halde payda kisminda verilen dagilimin ele alinan veri
kiimesi icin secilmesi gerektigini ifade eder. Karsilastirmalar sonucunda veri kiimesini en iyi temsil eden
dagilim belirlenir.

Adim 3. Bir o6nceki adimda belirlenen dagilim varsayimi altinda a oran parametresinin ve dagilim
parametrelerinin tahminleri bulunur.

Adim 4. Belirlenen dagilim g6z oniline alinarak 1.Boliimde bahsedilen uygun hesaplama yontemlerinden
biriyle M; ve M, fonksiyonlar1 hesaplanir.

Adim 5. Verilen ¢, ¢y, c; Ve ¢, degerleri igin C; (t) ve C,(t) maliyet fonksiyonlar1 hesaplanir.

4. Gergek veri uygulamasi
4. Real data application

Bu boliimde, bir yazilim iiriiniinde meydana gelen hata zamanlarini igeren ve Musa vd. (1987) calismasinda
verilen veri kiimesi ele alinmaktadir. Bu veri kiimesi, ger¢ek zamanli bir komut ve kontrol sisteminin 136
hata zamanim igermektedir. Lam (2007) ¢alismasinda bu veri kiimesinin bir GS modeliyle
modellenebilecegini ve GS modeline ait a oran parametresinin 1’den kiiciik oldugunu gdstermistir. Simdi bu
veri kiimesi i¢in C;(t) ve C,(t) maliyet fonksiyonlarini hesaplamak amaciyla bir 6nceki boliimde verilen
hesaplama prosediiriinii uygulayalim: GS’nin ilk olay zamanimn dagilimi istel, gamma, Weibull ve
lognormal dagilimlar olarak segildiginde GS’nin a oran parametresinin ve dagilim parametrelerinin tahmin
degerleri bulunur. Elde edilen tahminler yardimiyla da bahsi gecen her bir dagilim durumu ig¢in olabilirlik
fonksiyonlarinin degerleri hesaplanir. Gamma dagilimina ait olabilirlik fonksiyonu degeri; sirasiyla iistel,
Weibull ve lognormal dagilimlarina ait olabilirlik fonksiyonlarinin degerlerine oranlanir ve dogal
logaritmalar1 alinarak olabilirlik oranina dayali T-istatistiginin degerleri sirasiyla 3.7343, 0.9483 ve 22.7349
olarak elde edilir (Pekalp vd., 2022). T-istatistiginin degerleri g6z 6niine alindiginda ilgili veri kiimesinin
sekil parametresi a ve Olgek parametresi § olan gamma dagilimina sahip bir GS'den geldigi sonucuna
ulagilir. Bu durumda ilk olayin ger¢eklesme zaman o ve  parametreleriyle gamma dagilimina sahip olan a
oran parametreli GS icin parametrelerin en ¢ok olabilirlik tahmin degerleri @ = 0.9771,& = 0.7604 ve § =
123.7110 olarak hesaplanir (Pekalp vd., 2022). Ilk olay zamanmin dagilimi gamma dagilimi oldugundan
M; ve M, fonksiyonlari, Pekalp ve Aydogdu (2021) ¢aligmasinda onerilen kuvvet serisi agilimma gore
hesaplanabilir. Parametrelerin tahmin degerlerinin Pekalp ve Aydogdu (2021) galigmasinda 6nerilen kuvvet
serisinde kullanilmasiyla verilen t = 20 i¢in M; ve M, fonksiyonlarmin degerleri sirasiyla 0.3005 ve
0.4068 olarak bulunur. ¢y =12.5,¢c; =1 ve ¢, =1.2 olarak alindiginda C;(t) ve C,(t) maliyet
fonksiyonlar1 sirasiyla 4.1099 ve 28.1099 olarak hesaplanir. Agiktir ki, bu yazilim iriiniiniin (0,20]
araliginda beklenen toplam hata ayiklama maliyeti 4.1099 birim iken t = 20 zamanina kadar beklenen
toplam test etme ve hata ayiklama maliyeti 28.1099 birim olarak bulunmustur. Yazilim gelistirme uzmanlari
ve yoneticiler hesaplanan bu maliyetleri, sirket biitcelerine gore yorumlayarak test etmeyi birakma
zamanlarinin  ya da driiniin = piyasaya slirlilme zamanlarinin  belirlenmesi  problemlerini
degerlendirebileceklerdir.
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5. Sonuclar
5. Conclusions

Bu ¢alismada bir yazilim iiriiniiniin hata ayiklama ve test etme maliyetlerinin belirlenmesi amaciyla a oran
parametresi ile bir GS modeli ele alinmistir. Yazilimin test edilmesi asamasinda bir hatay1 diizeltme
maliyetinin deterministik ve rasgele terim i¢eren parcalardan olustugu ve giderilen hata sayisi arttikca hatayi
diizeltme maliyetinin de arttig1 varsayilmistir. Bu varsayim, sonraki test agamalarinda tespit edilen bir hatay1
diizeltmenin genellikle zor olabilecegi gercegiyle dogrulanmaktadir. Hata ayiklama ve test etme maliyetleri
GS modeli altinda ayr1 ayri ele alinmis ve GS modelinin birinci ve ikinci moment fonksiyonlarina baglh
olarak elde edilmislerdir. Boylece birinci ve ikinci moment fonksiyonlarinin hesap edilmesiyle hata ayiklama
ve test etme maliyetlerinin da hesap edilebilecegi sonucuna ulagilmistir. Ger¢ek zamanli bir komut ve kontrol
sisteminin 136 hata zamanini igeren veri kiimesi i¢in oncelikle GS’nin ilk olay zamaninin belirlenmesi
problemi ele alinarak, dogrulanan dagilim i¢in model parametrelerinin en ¢ok olabilirlik tahmin degerleri
bulunmustur. Bu tahminler yardimiyla siirecin birinci ve ikinci moment fonksiyonlar1 hesaplanarak ilgili veri
kiimesi i¢in hata ayiklama ve test etme maliyetleri bulunmustur. Maliyet fonksiyonlarinin hesaplanmasi ile
birlikte yazilim gelistirme uzmanlar1 ve yoneticiler igin yazilim iriiniiniin zamaninda teslim edilebilmesi ve
piyasaya ne zaman siiriileceginin belirlenmesi ile ilgili 6nemli bir degerlendirme araci elde edilmistir.
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Faylarin belirlenmesi ve 6zelliklerinin ortaya konulmasi dogal afet risklerinin belirlenmesi, giivenli sehir altyapisi, biiyiik
miihendislik yapilarinin durayliligi, yeralti sulari ile mineral zonlarinin belirlenmesi agisindan bilyiik 6nem tagimaktadir.
Faylar yeryiiziinde belirgin ¢izgisel yapilar olustururlar ve bunlar genellikle yilizeyden kolayca ayirt edilebilirler. Faylarin
tespit edilmesi, haritalanmasi ve ilgili saha ¢calismalari olduk¢a emek yogun ¢alisma gerektirmektedir. Saha ¢alismalarinin
yogunlugunu azaltmak ve daha genis alandaki yapisal biitiinliigli algilamak i¢in hava fotograflari, yiikseklik haritalari ve
uydu goriintiileri kullanilmaktadir. Arazide sadece faylar degil, karayolu, demiryolu ve insan yapimu ¢it vb. karsitlik
olugturan birgok farkli ¢izgisel yap1 bulunmaktadir. Bu ¢izgiselliklerin tespiti ve analizinde uzaktan algilama goriintiileri
yaygin olarak kullanilmaktadir. Bu ¢alismada Landsat-7 (ETM+) uydu goriintiilerinden yararlanilarak filtreleme, temel
bilesenler analizi (TBA), bant oranlama, FCC (False Color Composite) bant kombinasyonlar1 goriintiilleme, sonug
¢izgisellik haritast ve otomatik ¢izgisellik ¢ikarimi yontemleriyle ¢izgisellik analizleri yapilmistir. Elde edilen sonuglar
arazi c¢alismalarindan elde edilen verilerle karsilastirilmistir. Yontemlerle genel cizgisellik hatlart ortak olarak
belirlenebilirken, belirlenen nesne sayisinda farklilik oldugu, yonteme gore ¢izgisellige ait nesne sayisinin degisebildigi
ve en fazla nesne sayisiin otomatik ¢izgisellik ¢ikarimi yontemi ile tiretildigi belirlenmistir.

Anahtar kelimeler: Baklan grabeni, Fay ¢izgisellikleri, Landsat-7, Uzaktan algilama

Abstract

Identifying faults and revealing their characteristics are of great importance in terms of determining natural disaster
risks, safe city infrastructure, stability of large engineering structures, groundwater and mineral zones. Faults form
distinctive linear structures on the earth and these are usually easily distinguishable from the surface. Identification,
mapping and related field studies of faults require a labor-intensive work. Aerial photographs, digital elevation models
and aerial images are used to reduce the intensity of fieldwork and to detect the structural integrity of the larger area.
There are not only faults in the land, but also many different linear structures such as roads, railroads and man-made
fences that form a contrast. Remote sensing images are widely used in the detection and analysis of these lineaments. In
this study, lineament analyzes were carried out using filtering, principal component analysis (PCA), band ratio and false
color composite displaying, result linearity map and automatic lineament extraction methods on Landsat-7 (ETM+)
satellite images as the basis. The results obtained were compared with the data obtained from field studies.
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1. Giris
1. Introduction

Alp-Himalaya tektonik kusaginda bulunan Tiirkiye sismik olarak oldukga aktif bir bolgedir (Jackson, 1994).
Buna bagl olarak Ege bolgesinde oOzellikle graben yapilarinin hakim oldugu bir¢ok tektonik yapi
gozlenmektedir. Denizli’de bu sismik hareketlilige bagli olarak gelisen Biiyiik Menderes, Denizli, Acigdl ve
Baklan grabenleri yer almaktadir. Yogun tektonik faaliyetlerin etkin oldugu bu bolgede faylarin 6nemi oldukca
On plana ¢ikmaktadir.

Faylarin belirlenmesi ve 6zelliklerinin ortaya konulmasi dogal afet risk analizlerinde, giivenli sehir altyapist
sistemlerinin planlanmasinda, biiyliik miihendislik yapilariin durayliliginda, yeralti sulari ile mineral
zonlarinin tespitinde biiyiik 6nem tasimaktadir. Faylar yeryiiziinde belirgin ¢izgisel yapilar seklinde gbzlenirler
ve genellikle arazi gozlemleri ile tespit edilebilirler. Faylarin tespit edilmesi, haritalanmasi ve ilgili saha
caligmalart olduk¢a emek yogun calisma gerektirmektedir. Son yillarda, maliyetli ve uzun siiregler alan saha
caligmalarini en aza indirgemek ve daha genis alanlardaki yapisal 6zellikleri ortaya ¢ikarmak igin hava
fotograflari, sayisal ylikseklik haritalar1 ve uydu goriintiileri kullanilmaktadir. Bu goriintiileri kullanarak cesitli
amaglara yonelik ¢ok sayida ¢aligma bulunmaktadir.

Arazide sadece fay ve dere yataklarinin yani sira, karayolu, demiryolu, enerji hatlar1 ve ¢it vb. gibi insan yapimi1
karsitlik olusturan bircok farkli ¢izgisel yap1 bulunmaktadir. Insanin bakis agis1 gercek olsun ya da olmasin
cizgisellikleri ve kaynagini kolayca ayirt edebilir. Dogal ve/veya jeolojik gibi goriinen ¢izgiselliklerin kaynagi
¢ok farkli olabilir.

O'Leary vd. (1976) cizgiselligi dogrusal veya hafif egri pargalarin siralanan ve ¢esitli yeralti yapilarini yansitan
haritalanabilir bir yiizeyin 6zelligi seklinde tanimlamistir. Uzun mesafelerde yeryliziinii kesen siirekli kirilma
hatlar ¢izgisellik olusturur. Faylarin dogrusal 6zelligi bir zitlik olusturur ve kolayca fark edilebilir. Ancak bu
cizgiselliklerin tamami jeolojik olmayip karayolu, demiryolu ve tarim arazileri, ¢it gibi insan yapimi olabilir.
Bunun disinda golgeleme ile goriintiiler olabilir ve fay ¢izgisi gibi goriilebilirler. Tiim bu nedenlerle faz
¢izgilerinin arazide diger yapilardan ayrilmasi gerekmektedir. Insan gozii i¢in oldukga siradan olan bu islem
icin gesitli analiz yontemleri gereklidir. Cizgisel yapilari belirlenmesi igin bircok yontem bulunmaktadir
(Marghany & Hashim, 2010; Rahmana & Gloaguen, 2014).

Cizgiselligin tespiti ve analizinde uydu goriintiileri ve sayisal yiiksekli modeli yaygin olarak kullanilmaktadir.
Cizgiselliklerin tespitine yonelik gegmisten giiniimiize hava fotograflari, uydu goriintiileri, sayisal yiikseklik
haritalarindan yararlanilmistir. Ik hava gériintiisii 1858 yilinda bir balondan cekildikten sonra (Baumann,
2014) biyiik ilerleme kaydetmis ve uydu teknolojisi ile bilinen noktaya ulagmistir. Goriintiiler iizerindeki
cizgisellikleri belirlemesi ile ilgili yapilan ilk uygulamalar, uzay ¢alismalarinda renk tonu farkliliklarindan
kaynaklanan yapilari tespit etmek i¢in yapilmistir (NASA, 2022).

Vanderbrug (1976), uydu goriintiilerine uygulanabilecek ii¢ yerel ¢izgisellik algilama algoritmasi {izerinde
calismistir. Bu ¢alisma Landsat 1 goriintiilerinde arazideki ¢izgisel 6zelliklerin bilgisayarla taninmasi (yar1
otomatik yontem) lizerinedir. Qari (1991) Landsat TM'nin litolojik ve yapisal ¢aligmalar i¢in kullanilip
kullanilamayacag iizerine calismis, goriintiiler farkli litolojileri ve yapilari haritalamak igin ¢esitli gdriintii
isleme tekniklerini kullanmigtir. Suzen ve Toprak (1998) ¢esitli filtreleme teknikleri kullanarak jeolojik
amagclar i¢in haritalarda ¢izgisellik analizi yapmistir. Bu ¢alisma, birbirine paralel faylarin yogun oldugu Orta
Anadolu’da 6rnek olarak secilen bir arazideki ¢izgisel yapilarin hizli bir sekilde belirlenmesine yoneliktir.
Yazarlar kullandiklar1 6rnekte tek bant girisli konumsal alan filtreleme yonteminin en basarili oldugunu
sonucuna varmislardir. Kaya vd. (2004) Kuzey Anadolu fay zonunun Ganos boliimiinde uzaktan algilama ve
sayisal yiikseklik modeli kullanarak aktif bir faymn geometrisini izlemislerdir. Calisma ile faym mevcut
haritalarda olmadigi sekilde birgok pargadan olustugu belirlenmistir. Joshi vd. (2013) Narmada-Son fayi
ilizerinde cografi bilgi sistemi destekli yaptiklar1 ¢alismada konumsal degisikler gdsteren tektonik yogunluk
belirlemislerdir. Pour ve Hashim (2016) PALSAR verisi kullanarak Malezya yarimadasindaki jeolojik
yapilarin uzaktan algilama ile analizini yapmislar ve ulagilmasi zor alanlarda biiyiik tektonik yapilar ile metalik
maden olusumuna iliskin bulgular elde etmislerdir. Akgiin vd. (2021) Dogu Anadolu fay zonunda aktif
tektonik yapilarin belirlenmesi amaciyla uzaktan algilama yontemini kullanmislardir. Calisma ile tektonik
hatlarin yani sira akarsu Stelenmeleri, basing sirtlari, ¢izgisel vadi gibi morfotektonik &zellikler ve litolojik
smurlar ayirt edilmistir. Liu vd. (2021) Qianhe grabeninde segment iz ve ¢izgi algoritmalarimi kullanarak
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cizgisellikleri belirlemigler ve tektonik yapilar1 ortaya c¢ikarmada biyiik potansiyeli oldugunu
vurgulamislardir. Kirsan (2021) Dogu Anadolu fayinin Bingdl-Karliova arasindaki bolgede uydu goriintiisii
ve sayisal yiikseklik verileri kullanarak ¢izgisellik analizleri yapmus, ilkinin ikinciye gore daha diisiik degerler
verdigini tespit etmistir. Ayrica ¢izgisellik analizi ¢aligmalarinin g¢alistiklart bolgede bilinmeyen diger fay
yapilarinin ortaya c¢ikarilmasinda yararli oldugunu belirtmistir. Calismalardan elde edilen sonuglara gore
uzaktan algilama ydntemlerinin sonuglara olumlu katkilar1 oldugu goériilmektedir.

Bu calismada Landsat 7 uydu goriintiileri kullanilarak filtreleme, temel bilesenler analizi, bant oranlama ve
FCC (False Color Composite) bant kombinasyonlar1 yontemleriyle ¢izgisellik analizleri yapilmis, elde edilen
sonugclar arazi ¢aligmalarindan elde edilen verilerle karsilastirilarak yontemlerin basarimi degerlendirilmistir.

2. Materyal ve metot
2. Material and method

Inceleme alaninin bulundugu Baklan grabeni KD-GB yénlii olup Baklan ile Civril arasinda uzanir ve yaklasik
55 km uzunlugunda ve 10 km genisligindedir. Baklan grabenini kuzeydogusunda Dinar grabeni,
giineybatisinda Denizli grabeni ve giineydogusunda Acigdl grabeni ile sinirlandirilmustir (Sekil 1). Giirbiiz vd.
(2012) galismalarinda Bat1 Anadolu bolgesinin D-B, KB-GD ve KD-GB uzaniml faylar ile temsil edildigini
belirtmislerdir. Baklan-Dinar grabeninin ters V sekilli geometrik yapisi, KD-GB uzanimli Baklan grabeni ve
KB-GD uzanimli Dinar grabenlerinin birlestigi yerde olugsmustur. Bu durumun ise Ege bdlgesinin yapisal
evrimini anlamada kritik 6neme sahiptir. Grabenin geometrisi bolgede iki eksenli cekmenin hakim oldugunu
gostermektedir (Temiz vd., 1997; Cihan vd., 2003). Acigol ve Burdur grabenlerinin eksenleri Baklan
grabeninin eksenine giineyde paraleldir ve bu {i¢ havza Dinar fayi ile ayrilmaktadir.

- PR

Sekil 1. Inceleme alaninin yer bulduru haritas:
Figure 1. Location map of the study area

Uzun mesafelerde yeryliiziinii kesen siirekli kirllma hatlari ¢izgisellik olusturur. Faylarin dogrusal 6zelligi bir
zitlik olusturur ve kolayca fark edilebilir. Ancak bu ¢izgiselliklerin tamami jeolojik olmayip karayolu,
demiryolu ve tarim arazileri, ¢it gibi insan yapimi olabilir. Bunun disinda gélgeleme ile goriintiiler olabilir ve
fay cizgisi gibi goriilebilirler. Tiim bu nedenlerle faz ¢izgilerinin arazide diger yapilardan ayrilmasi
gerekmektedir. Insan gézii icin oldukea siradan olan bu islem igin cesitli analiz yontemleri gereklidir. Cizgisel
yapilarin belirlenmesi igin birgok yéntem bulunmaktadir (Marghany & Hashim, 2010; Rahmana & Gloaguen,
2014). Bu ¢alismada filtreleme, temel bilesenler analizi, bant oranlama, FCC (False Color Composite) bant
kombinasyonlar1 goriintiilleme, sonu¢ ¢izgisellik haritasi1 ve otomatik ¢izgisellik ¢ikarimi yontemleri
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kullanilmigtir. Cizgisellik analizinde USGS (Amerika Birlesik Devletleri Jeoloji Arastirmalart Kurumu)
tarafindan ticretsiz olarak saglanan 17.07.2002 tarihinde ¢aligma alani {izerinde algilanmis bulutsuz (%0 cloud
cover), SLC (Scan Line Corrector) hatasi olmayan Landsat-7 Enhanced Thematic Mapper Plus (ETM+) uydu
gorlintlisii kullanilmigtir. Landsat-7 uydu goriintiisii, 15m ¢oziniirliiklii bir pankromatik bandla beraber, 30m
¢Oziinlirliikli goriiniir, yakin kizil 6tesi, kisa dalga kizilétesi bolgede (VNIR-SWIR) alt1, 60m ¢oziiniirliiklii
termal kizil6tesi bolgede bir band igerir. Kullanilan uydu goriintiileri sistem tarafindan radyometrik, atmosferik
ve geometrik diizeltmesi yapilmis olarak L7 ETM+ C1 Level-2 seklinde temin edilmistir. Cizgisellik
analizlerinde pankromatik band kullanilarak Gram-Schmidt spektral keskinlestirme yontemi (Laben &
Brower, 2000) ile 15 metreye pankeskinlestirilmis VNIR-SWIR bandlar1 kullanilmustir.

3. Bulgular ve tartisma
3. Results and discussion

3.1. Filtreleme teknigi
3.1. Filtering technique

Filtreleme tekniklerinde genellikle kullanilan 3 y6ntem vardir (Kouame vd. (1999). Bunlar diisiik gegirgen
filtreler, ytliksek gecirgen filtreler ve yonsel filtrelerdir. Diisiik gegirgen filtreler goriintiideki mekansal
detaylar1 ortadan kaldirmak i¢in kullanilirken, ytiksek gecirgen filtreler goriintiideki objeleri belirginlestirir ve
keskinlestirir. Yonsel filtreler ise ¢izgisel objeleri belirginlestirmek i¢in kullanilirlar (Sekil 2).

Bu calismada Landsat-7 ETM uydu goriintiisiiniin 5. bandina Kouame vd. (1999) ve Youan vd. (2008)
tarafindan gelistirilmis 7*7 matris uygulanarak K-G, KD-GB, D-B ve KB-GD olmak iizere dort ana yonde
yonsel filtreleme iglemine tabii tutulmus ve bu dort ana yonde filtrelenen goriintiiler elde edilmistir. Yonsel
filtrelemeden sonra ArcGIS yazilimi kullanilarak otomatik ¢izgisellik haritalar1 olugturulmustur.

Yonsel filtreleme sonucu elde edilen goriintiiler R(45°) G(0°) ve B(135°) olacak sekilde goriintii olusturulmus
(Sekil 3) ve bunun tizerinden ¢izgisellik haritasi elde edilmistir (Sekil 4). Yonsel filtreleme sonucunda elde
edilen cizgisellik haritasinda 100 adet ¢izgisellik elde edilmis olup bunlarin toplam uzunlugu 263.94 km’dir.
Ortalama ¢izgisellik uzunlugu ise toplam 2.64 km’dir.

C D

Sekil 1. inceleme alanmin yer bulduru haritasi
Figure 1. Location map of the study area
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Sekil 3. Yonsel filtreleme sonucu elde edilen goriintii R (45%) G (0°) ve B (135°).
Figure 3. The image of directional filtering is R (45°) G (0°) and B (135°)
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Sekil 4. Yonsel filtreleme sonucunda elde edilen ¢izgisellik haritasi.

Figure 4. Lineament map of directional filtering
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3.2. Temel bilesenler analizi
3.2. Principal components analysis

Orijinal p degiskeninin varyans yapisint daha az sayida ve bu degiskenlerin dogrusal bilesenleri olan yeni
degiskenlerle ifade etme yontemidir. Bu ¢alismada Landsat ETM uydu goriintiisiinden alinmis olan 6 bant
iizerinden MultispecV32 yazilimi temel bilesenler analizi yapilmis ve ¢ikan istatistiksel degerler tespit
edilmistir. Temel bilesenler analizi sonucunda elde edilen goriintii Sekil 5’te gosterilmistir. Elde edilen ve
toplam varyans degerlerinin %98.49’luk kismini igeren ilk ii¢ bilesen kullanilarak hazirlanan renk
kombinasyonundan otomatik ¢izgisellik elde etmek i¢in aymi yazilim kullanilarak c¢izgisellik haritasi
olusturulmustur (Sekil 6). Elde edilen bu haritada 95 adet ¢izgisellik elde edilmis olup toplam uzunluklari
262.26 km’dir. Ortalama ¢izgisellik 2.76 km’dir.
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Sekil 5. Temel bilesenler analizi (PCA) uygulanmis goriintii
Figure 5. Image after principal component analysis (PCA)
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Sekil 6. Temel bilesenler analizinden elde edilen ¢izgisellik haritasi.
Figure 6. Lineament map after principal component analysis
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3.3. Bant oranlama
3.3. Band ratio

Bu yontem jeolojik 6zellikleri ayirt etmede yaygin olarak kullanilmakta olup farkli bantlarda bulunan hiicre
degerlerinin birbirlerine béliinmesi islemidir. Bu islem topografik etkilerden meydana gelen olumsuzluklart
ve golgelenmeyi ortadan kaldirmaktir (Lillesand & Keifer, 1999). Literatiirdeki ¢aligmalarda 5/7 oram
hidroksil igeren minerallerin tanimlanabilmesi i¢in kullanilmaktadir; bu mineraller faylar ve kiriklar boyunca
suyun etkisini gostermektedir (Crippen, 1988). 2/3 oram bitki ortiisiiniin yogun olarak bulundugu kesimleri
diger alanlardan ayirt etmek igin 4/5 orani ise yiiksek derecede deformasyona ugramig kesimleri belirlemek
i¢in kullanilmaktadir. 4/5 oranlamasi sonucunda deformasyona ugramis alanlar siyah ve koyu tonda izlenirler
(Won-In & Charusiri, 2003). Bu ¢alismada 5/7, 2/3, 4/5 bant oranlar1 kullanilmugtir.

MultispecV32 yazilimi ile 5/7, 2/3 ve 4/5 bant oranlar1 kullanilarak RGB renk kombinasyonu elde edilmis
(Sekil 7) ve ¢izgisellik haritas1 otomatik olusturulmustur (Sekil 8). Elde edilen ¢izgisellik haritasinda 141 adet
cizgisellik bulunmus olup bunlarin toplam uzunlugu 297.21 km’dir. Bunlarin ortalama ¢izgisellik uzunlugu
2.11 km’dir.
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Sekil 7. Bant oranlamasi sonucu elde edilen goriintii.
Figure 7. The image of band ratio

3.4. Bant kombinasyonlari
3.4. Band combinations

Bant kombinasyonlari yontemi ¢alisma alanina ait uydu goriintiistiniin farkli bantlarinin R(Kirmizi), G(Yesil),
B(Mavi) olacak sekilde cakistirilmasi ile yapilir. Cizgiselliklerin belirlenebilmesi i¢in Landsat ETM uydu
gOrilintlisiiniin 2, 3 ve 4. bantlarinin en iyi RGB kombinasyonu oldugu bilinmektedir. Bu ¢alisma kapsaminda
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inceleme alanimin yukarida belirtilen RGB bant kombinasyonu olusturulmus (Sekil 9) ve ¢alisma alanindaki
cizgisellikler elde edilmistir (Sekil 10). Yapilan analizler sonucunda 99 adet ¢izgisellik bulunmustur. Bu
cizgiselliklerin toplam uzunlugu 273.39 km olup ortalama ¢izgisellik uzunlugu 2.76 km’dir.
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Sekil 8. Bant oranlamasindan elde edilen ¢izgisellik haritasi
Figure 8. Lineament map after band ratio
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Sekil 9. Bant kombinasyonlari sonucu elde edilen goriintii
Figure 9. The image of band combinations
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Sekil 10. Bant kombinasyonlarindan elde edilen ¢izgisellik haritas1
Figure 10. Lineament map of band combinations

3.5. Sonug cizgisellik haritasi
3.5. Result linearity map

Uydu goriintiilerinden dort farkl ¢izgisellik ¢ikarim teknigi kullanilarak dort farkli gizgisellik haritasi elde
edilmistir. Bu sonuglar igerisinde ¢ift olanlar ayiklanmig, ayni dogrultu tizerindeki birden fazla olan
cizgiselliklerin en uzunu birakilip kisa olanlari silinmis ve birbirini tamamlayan ¢izgisellikler birlestirilmistir
(Sekil 11). Sonug ¢izgisellik haritasinda 144 adet ¢izgisellik belirlenmis olup, bunlarin toplam uzunlugu 416.90
km’dir. Veriler arasinda en uzun ¢izgisellik 13.65 km, en kisa ¢izgisellik ise 0.6 km’dir.

3.6. Otomatik ¢izgisellik ¢ikarim
3.6. Automatic lineament extraction

Otomatik ¢izgisellik ¢ikarimi, uydu goriintiileri {izerinden bilgisayar yazilimi yardimiyla ¢izgiselliklerinin
cikarilmasi iglemidir. Bu goriintiilerde ¢izgisellikler insan gdziiniin ayirt edemeyecegi kadar kiigiik ayritilarin
belirlenmesi miimkiin olabilir. Manuel ¢izgisellik ¢ikarimina gére daha hizli ve daha ayrintili olsa da, elde
edilen verilerin dogruluk oran1 daha azdir. Otomatik ¢izgisellik ¢ikarimi igin kullanilan ii¢ yaygin algoritma
vardir (Kogal, 2004): Hough doniistimii, Haar doniisiimii ve Segment izleme algoritmasi (STA).

Segment izleme algoritmasi (STA) digital goriintiilerde gri seviye degisimini inceleyip, ¢izgisellikleri pixel
boyutunda degerlendirip vektdr elemant olarak algilamaktadir (Koike vd., 1995). Calismanin bu boliimiinde
otomatik ¢izgisellik ¢ikarimi i¢in PCI Geomatica yazilimi kullanilmistir. Bu yazilim goriintii iizerinden
cizgisel 6zellikleri ¢ikarmakta ve vektor formatinda “goklu ¢izgi” olarak kaydetmektedir.

Bu calismada Landsat ETM uydusunun jeolojik sinirlara duyarliligi ile bilinen 30*30 metre ¢oziiniirliiklii 7.
bandinm ve yazilimin “gizgi” modiiliine ait orijinal esik degerleri (RADI:10, GTHR:100, LTHR: 30, FTHR:3,
ATHR:30, DTHR:20) kullanilmistir. Yapilan analizler sonucunda elde edilen ¢izgisellik haritasi Sekil 121°de
gosterilmistir. Bu yontemle 246 adet cizgisel nesne bulunmustur. Bunlarin en kisa olan1 0.86 km, en uzunu
5.94 km olup toplamlar1 355.89 km’dir.
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Figure 11. Result linearity map
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Figure 12. Result linearity map

82



Kaya vd. 2023 / Cilt:13 « Say::1 « Sayfa 73-85

4. Tartisma ve sonuclar
4. Discussion and conclusions

Caligmada filtreleme, temel bilesenler analizi, bant oranlama, bant kombinasyonu, sonug ¢izgisellik ve
otomatik cizgisellik ¢ikarimi olmak iizere alt1 farkli yontem kullanilarak inceleme alanindaki ¢izgisellikler
tespit edilmistir. Yapilan ¢alismalarda drenaj ag1 dahil edilmemistir. Elde edilen sonuglar asagida Tablo 1°de
verilmistir.

Tablo 1. Kullanilan yontemlerle elde edilen ¢izgisellik sayilari ve uzunluklari
Table 1. Lineament lengths and numbers of the employed methods

Temel Bant Bant Sonug Otomatik
Filtreleme  Bilesenler Oranlama  Kombinasyonu Cizgisellik  Cizgisellik
Analizi Cikarmm Cikarmm
Say1 100 95 141 99 144 246
Uzunluk
(km) 263.94 262.26 297.21 273.39 418.90 355.89

Bu verilere gore temel bilesenler analizi en az sayida ¢izgisel nesne belirlerken, otomatik ¢izgisellik ¢ikarimi
ile en fazla sayida nesne belirlenmistir. Belirlenen cizgisel nesnelerin sayilari yonteme gore cok biiyiik
farkliliklar gostermektedir. Ancak ¢izgiselliklerin uzunlart dikkate alindiginda, yontemler arasinda nesne
sayilarina gore biiyiik farkliliklarin olmadigi goriilmektedir. Bu durum, kullanilan yontemlerde gizgiselliklerin
genellikle belirlendigi, ancak farkli yontemlerde ayni ¢izgiselligin farkli sayilardaki nesnelerden
olusturulmasindan kaynaklanmaktadir. Elde edilen bu veri 1siginda, kullanilan yontemlerle fay
cizgiselliklerinin biiyiik oranda tespit edilebilecegi, ancak fay uzunluklar1 konusunda daha dikkatli olunmasi
gerektigi ortaya ¢ikmaktadir. Uydu goriintiilerinin ¢oziiniirliigliniin arttirilmasi ve sayisal yiikseklik modeli
gibi verilerin eklenmesi ile daha yiiksek hassasiyetli sonuclarin alinmasi muhtemel goriinmektedir.
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Oz

Yap1 Bilgi Modellemesi (YBM) kullanimi ingaat sektoriinde dnemli dlgiide yayginlasmistir. Bununla birlikte kiigiik ve
orta 6lgekli yiikleniciler YBM yazilimlarinin getirecegi maliyet ile YBM kullanimina adapte olabilmek icin gerekli olan
personel egitimi ve is aligkanlif1 degisimi gereksiniminden dolayr YBM kullanimina uzak kalmaktadir. Bu ¢aligmada
YBM yazilimlarinin temel fonksiyonlarindan olan 3 Boyutlu gorsellestirme ve kaba insaatin metraj hesaplama iglemlerini
gerceklestirebilen bir yazilim gelistirilmistir. Python programlama dili ile uyumlu Tkinter Kiitiiphanesi, Python tabanli
Ursina 3B oyun motoru ve SQLite3 veri tabani uygulamasi kullanilarak insan miidahalesi olmadan beton, betonarme
kalibr ile kalip iskelesi metrajlarini hesaplayip 3B gorsellestirebilen yazilim gelistirilmistir. Gelistirilen yazilim ¢ok fazla
isleve sahip olmadigi igin kullamimi kolay kullanici ara yiizlerine sahiptir. Bu sayede 6zel bir personel egitimi
gerektirmeden 2 Boyutlu ¢izimlere sadece kat yiiksekligi gibi derinlik verilerinin girilmesi ile yapinin 3 Boyutlu
gorsellestirmesi yapilabilmektedir. Buna ek olarak beton, betonarme kalibi ve kalip iskelesi metrajlar1 da otomatik
bi¢imde ¢ikarilmaktadir. Elle yapilan metraj hesabi ile karsilagtirildiginda kalipta %0.04 oraninda sapma oldugu tespit
edilmistir. Yapilan literatiir taramasinda Revit ile elde edilen metraj verilerinin daha fazla sapabildigi goriilmistiir.
Gelistirilen YBM yazilimini kullanacak kiigiik 6lgekli yiikleniciler daha hassas ve hizli metraj hazirlayarak daha dogru
bicimde maliyet analizi yapma imkanina sahip olacaklardir.

Anahtar kelimeler: 3B gorsellestirme, Metraj, Python, Tkinter, YBM.

Abstract

Utilization of BIM among the construction sector has become widespread significantly. However, small and medium scale
contractors are reluctant to implement BIM as a consequence of the additional cost and the staff adaptation training
requirements as well as major changes at work habits. In this study software, capable of executing the 3-Dimensional
visualization and preparation of quantity take-off which are basic functions of BIM software, is developed. Quantity take-
off computations of concrete, formwork for the reinforced concrete, and scaffolding for the formwork as well as 3D
visualization tasks are executed without human intervention by utilizing Tkinter library which is compatible with Python,
Ursina game engine, and SQLite3 database applications. The developed software is not versatile since it has very simple
graphical user interfaces. For this reason, 3-Dimensional visualization can be achieved by the definition of depth data
such as height of the floor without a special training of the staff. Moreover, quantity take off of concrete, formwork of
the reinforced concrete and scaffolding for the formwork can be obtained automatically. The obtained formwork quantity
take-off amount is compared with the manual quantity take-off and the comparison revealed that the automated quantity
take-off deviates only 0.04%. The literature review illustrate that Revit may not achieve the aforementioned accuracy.
The small-scale contractors would have the opportunity of execution of more precise cost analysis by preparing more
accurate and fast quantity take-off.

Keywords: 3D Visualization, Quantity take-off, Python, Tkinter, BIM.

* Onder Halis BETTEMIR; onder.bettemir@inonu.edu.tr

ISSN: 2146-538X e-ISSN: 2146-538X  https://dergipark.org.tr/tr/pub/gumusfenbil


https://dergipark.org.tr/tr/pub/gumusfenbil
https://orcid.org/0000-0002-1509-8720
https://orcid.org/0000-0002-5692-7708

Ergen ve Bettemir. 2023 / Cilt:13 » Say1:1 « Sayfa 86-105

1. Giris
1. Introduction

Insa edilen binalarin 6zgiin olmasi sonucunda her bir insaat projesinde teknik cizimlerin hazirlanmast,
metrajlarin hesaplanmasi, statik hesaplarinin yapilmasi, is programinin olusturulmasi ve projenin inga edilmesi
ile ilgili ugraslarin bagtan yapilmasi gereklidir. Belirtilen faaliyetler farkli disiplinlerde uzmanlasmis
profesyonellerin birlikte ¢aligmasimi gerektirmektedir. Ayrica proje siireci boyunca taraflar arasindaki veri
akis1 da cok iyi yonetilmelidir. Bununla birlikte ingaat sektorii dogasi geregi cok rekabetcidir ve bu nedenle
insaat firmalar1 ingaat islerini hizli ve ekonomik bicimde yiiriitmek zorundadir. Bu hedefler proje paydaslari
iizerinde ciddi baski yaratmakta ve islerin yiiriitilmesi insan hatalarina acik hale gelmektedir.

Yap1 Bilgi Modellemesi (YBM) insaat firmalar1 agisindan proje paydaslari arasinda is birligini arttirmak ve
veri akigini yonetmek igin uygun bir aragtir. YBM, insaat sektoriinde birgok hatayi 6nleme potansiyeline sahip
bir arag olarak gortilmektedir (Zuppa vd., 2009). YBM yazilimlari, bir binanin tasarimi, analiz edilmesi ve test
edilmesi siireglerinde makine tarafindan okunabilen parametrik nesneleri kullanarak binalarin sanal
modellerini derleme yetenegine sahiptir (Sacks vd., 2010). Bu sayede gecmiste ancak ¢ok sayida yazilim
kullanilarak yapilabilen igler sadece bir YBM yazilimi ile yiiriitiilebilmektedir. Teknik ¢izimlerin hazirlanmasi,
insaat kalemlerinin metrajlarinin hesaplanmasi ve insaat islerinin is programinin yapilmasi ge¢miste farkl
yazilimlarm kullanimini gerektirmekteydi. Insaat islerinin ydnetiminin tek bir yazilimla gerceklestirilebilir
hale getirilebilmesi yiiklenici, miihendis ve mimarlar ile diger proje paydaslari i¢in birgok fayda saglayacaktir.
Bu faydalar yazilimlar arasinda hatali veri aktariminin yapilabilme riskinin 6nlenmesi, yazilimlar arasinda
olusabilecek versiyon uyumsuzluklarinin ortadan kaldirilmasi, hazirlanan belgelerin tekrar hazirlanma
zorunlulugunun ortadan kaldirilmasi, is programimin daha kolay ve hizli hazirlanmasi olarak 6zetlenebilir
(Barlish & Sullivan, 2012).

YBM yazilimlarinin belirtilen faydalar1 dolayist ile diinya genelinde bir¢ok yazilim firmast YBM
yazilimlarmin {retilmesi veya YBM yazilimlar {izerinde c¢alisan eklentilerin gelistirilmesi {izerine
odaklanmistir. YBM yazilim1 gelistirilmesi 6nemli teorik ve uygulama bilgisine sahip olmanin yani sira yiiksek
miktarda sermaye de gerektirmektedir. Ayrica YBM uygulamalari blok zincir iizerinde veri toplama, saklama
ve isleme o6zelliklerini de barindirdiklari igin bu alanda olusabilecek bir tekellesme insaat sektoriindeki biiyiik
olcekli yikleniciler dahil birgok yiikleniciye ait kar oranlari, ihale teklif bedeli ve benzeri bilgilerin belirli veri
merkezlerinde saklanmasi riskini igerecektir. Bu nedenle 6nemli verileri barindiran YBM yazilimlarinin
ekonomi i¢in ¢ok Onemli olan insaat sektoriine ait verilerin gizliligi konusunda ¢ok Onemli bir yeri
bulunmaktadir. Buna ek olarak yeni ortaya c¢ikan dijital ikiz yaklasimini gergeklestirebilen yazilimlarin
gelistirilmesi ve bu konuda ilerleme kaydederek yol gosterici konuma gecebilmek dnemlidir (Sacks vd., 2020).
Belirtilen kosullarin dikkate alinmasi sonucunda bu caligmanin motivasyonunu olusturan YBM yazilimi
gelistirilmesi amaglanmigtir. Bu ¢calismada YBM yazilimi gelistirme siirecinde gelinen asama anlatilmakta ve
karsilagilan hesaplama giigliiklerinin nasil asildig1 agiklanmaktadir.

Makalenin ikinci bdliimiinde YBM iizerine yapilan c¢aligmalarin kisa bir 6zeti sunulmus, iiclincii béliimde
gelistirilen YBM yaziliminin 6zellikleri ve modelleme detaylari agiklanmig, dordiincii boliimde ise yapilan bir
vaka caligmas1 gosterilmistir. Elde edilen bulgular degerlendirilip tartisma bdliimiinde ise yazilimin
uygulanabilirligi ve gelistirilmesi gereken yonleri tartigsilmis ve sonug kismi ile makale sonlandirilmastir.

2. Bilimsel yazin taramasi
2. Literature review

YBM kullaniminin insaat sektdriine sagladigi faydalar sayesinde YBM yazilimlarinin yeteneklerinin
gelistirilmesi {lizerine teorik ve uygulamaya yonelik c¢aligmalar onemli 6l¢lide hiz kazanmistir. Kalfa (2018)
YBM’nin uygulama alanlarim1 akademik ve endiistriyel ¢alismalar ile sertifika ve dokiimantasyona yonelik
caligmalar olarak siniflandirmistir. Omaran vd. (2019) yasam dongii maliyet analizini YBM yazilimina bir
oyun motoru kullanarak entegre etmislerdir. Insaat siirecinin 4 Boyutlu simiilasyonunu yapip kullanim siirecini
modelleyerek insa edilen tesisin isletme giderlerini tahmin etmislerdir. Uygulamay1 kullananlarla bir anket
calismasi diizenlemis ve ankete katilanlar belirgin bir bigimde gelistirilen uygulamanin faydali oldugu
sonucuna varmislardir. Olsen & Taylor (2017) YBM kullanmanin faydalarimi tespit etmek igin anket
diizenlemis ve en ¢ok fayda saglayan alanin YBM ile elde edilen metrajin manuel hesaplamalara gére daha
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hizli ve daha dogru olmasi oldugunu belirlemislerdir. Ayrica yeteri kadar erken yapilmasi durumunda YBM
risk degerlendirme calismasinin gerceklestirilmesinde de yardimci olabilmektedir.

Delgado vd. (2020) Arttirilmis Gergeklik (AG) ve Sanal Gergeklik (SG) tekniklerinin Mimarlik, Miihendislik
ve Insaat (MMI) sektorleri tarafindan uygulanmasini incelemislerdir. Dort tartisma grubu kurarak AG ve SG
teknolojilerinin mevcut durumlarinin faydalari, karmasikliklari, zorluklart ve yetersizliklerini ele almislardir.
MMI sektérlerinin AG ve SG kullaniminin sundugu imkanlardan tam olarak faydalanamadigi sonucuna
vartlmistir. Ozcan-Deniz (2019) 18 insaat sirketi ile anket yaparak SG tekniginin olast uygulama alanlarini
incelemistir. Sar1 & Pekericli (2020) Tiirkiye, ABD ve Ingiltere’de YBM uygulamalari iizerindeki yasal
durumlart incelemislerdir. Temel & Basaga (2020) Endiistri Temel Simiflar1 (ETS) dosya formati kullanilarak
aktarilan verilerin yonetmeliklere uygunlugunu incelemislerdir. Calisma sonunda YBM yazilimlarinin
olusturduklart modellerin yonetmelik ve sartname ihlallerini insan miidahalesi olmadan belirlemede yeterli
oldugunu belirlemislerdir.

YBM ve SG entegre edilmis sistemler is giivenligi ve is¢i saglig1 egitiminde ve is kazalarinin 6nlenmesinde
de kullanilmaktadir. Dhalmahapatra vd. (2021) mobil ving kullanimina bagli olarak olugabilecek is kazalarini
onlemek icin egitim amacl bir deneysel arag¢ gelistirmislerdir. Albahbah vd. (2021) SG iizerine detayli bir
literatiir calismas1 yapmis ve gorsellestirmenin insaat sektorli agisindan is sagligi ve giivenligi, ¢akismalarin
tespiti ve yapim yonetimi egitimi alanlarinda faydali olma potansiyelinin bulundugunu belirlemislerdir.

Adobe Acrobat Reader yaziliminin 9 ve ileri siiriimleri 3 Boyutlu model eklenmesini desteklemektedir.
Nadeem vd. (2015) Autodesk 3DSMax yaziliminda 3 boyutlu modeller ¢izip “pdf” dosya uzantisi olarak
kaydetmis ve Adobe Acrobat Reader yaziliminin 3 boyutlu modelleri destekleme 6zelligini kullanarak {icretsiz
bir yazilim {izerinde ve cep telefonlar1 da dahil olmak tizere 3 Boyutlu insaat ¢izimlerinin yakinlasma,
uzaklasma ve dondiirme islemlerini gerceklestirmislerdir. Sacks & Barak (2008) 3 Boyutlu modellemenin
tasarim ve ¢izim hatalarini azalttigini, daha kisa teslim siiresi sagladigini, verimi arttirdigin1 ve maliyetleri
azalttigini belirtmislerdir.

Millman & Aivazis (2011) Python programlama dilinin mithendislik problemlerinin ¢éziimiine yonelik yazilim
gelistirmede giderek daha uygun bir platform oldugunu belirtmislerdir. Karmasik sayilarla islem yapabilmesi,
verilerin grafiksel gosterimi ve gorsellestirme kabiliyetinin Python programlama dilinin giderek
yayginlagsmasinda etkili oldugunu belirtmislerdir. Quraishi & Dhapekar (2021) Python programlama dilinin
zorluk diizeyini incelemis ve insaat sektoriiniin hesap tablolar1 kullanarak gerceklestirdigi yapim yonetimi
uygulamalar1 ve santiye yonetimi uygulamalarinin kolaylikla Python dilinde ingaat miihendisleri tarafindan
kodlanabilecegini ifade etmislerdir. Sarvade & Pore (2021) betonarme kirig tasarimi yapabilen bir yazilimi
Python programlama dilinde gelistirmislerdir. Yazilimin gelistirilmesinde Python programlama dili ile uyumlu
NumPy, SciPy, Pandas ve Matplotlib kiitiiphaneleri kullanilmigtir.

Insaat islerinin metraj hesaplamalar1 insan hatasina agiktir ve elle yorucu diizeyde hesaplama yapilmasin
gerektirir. Bettemir (2018) kazi, beton ve betonarme kalib1 metrajlarinin minha hesaplama siireglerindeki is
yiikiinii hafifletmek i¢in bir yontem ve hesaplama siireci 6nermistir. Bettemir vd. (2019) ile Bettemir & Yiicel
(2021) metraj hesaplamalarinda yapi elemanlarinin temas ettigi uzunluk, alan ve hacim degerlerini bina
geometrisine bagimli bicimde hesaplamislardir. Bettemir & Bulak (2022) metraj hesaplamalarini aks
birlesimlerini daha fazla 6zel durumu kapsayacak sekilde formiillestirerek tiim binalar i¢in uygulanabilir
duruma getirmiglerdir. Khosakitchalert vd. (2018, 2019a, 2019b, 2019c) ¢alismalarinda Dynamo yaziliminin
1.3.3.4111 siiriimiinii duvar ve yer kaplama malzemelerinin metraj hesaplama basarisin1 kendi gelistirdikleri
yontemle karsilastirmiglardir. YBM iizerinde gerceklestirilen metraj hesaplamalari elle yapilan metraj
hesaplamalarindan ¢ok daha kisa siirede tamamlanmaktadir. Buna karsin hesap hatasi yapilmamigsa elle
yapilan metrajlar tam sonuca sahiptir ve daha dogrudur. Yoon vd. (2020) isim vermeden 3 farkl ticari YBM
yazilimi ile metraj hesaplamis ve yazilimlarin donati metrajinda tam dogru degerden sirasi ile %-7.9, %-27.2
ve %-15.8 hatali degerler sundugunu belirlemislerdir. Buna ek olarak betonda %-10 kalipta ise %4.3
mertebesinde hatali metraj sonuglart elde edilmistir. Pratoom & Tangwiboonpanich (2016) Revit 2016
versiyonunu kullanarak donati metraji hesaplatmiglar ve gercek degerin Revit 2016’nin sundugu degerden
%17.76 daha fazla oldugunu belirlemislerdir. Sherafat vd. (2022) Revit’te gerceklestirilen donati metrajinin
%-6 mertebesinde hatali oldugunu vaka calismasinda belirlemistir. YBM yazilimlar1 arasinda YBM
projelerinin okunabilmesini saglayan ETS formatinin proje paydaslar arasinda is birligini 6nemli derecede
artirmasina ragmen otomatik metraj hesaplamada %25’e kadar hata yapabilme potansiyeli oldugunu tespit
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etmislerdir. Hatanin biiyiik bir kisminin YBM yazilimlari arasinda ETS formatindaki dosyalarin paylasilmasi
ve okunmasi sirasinda bazi elemanlarin geometrik pozisyon bilgilerinin hatali kaydedilmesi sonucu olustugu
belirlemislerdir.

Bayram (2020) Autodesk Revit ve Nemetschek Allplan yazilimlarinin sundugu metraj degerlerini incelemis
ve 20 cm kalinligindaki duvar metrajinda degerlerin %4’iin tizerinde saptigin1 belirlemistir. Ergen & Bettemir
(2022) Tiirk ingaat sektorii tarafindan yaygin olarak kullanilan 2 yazilimin kalip ve beton metraj degerlerini
karsilastirmis ve %4 mertebesinde hatali sonuglar verebildiklerini belirlemislerdir. Lee vd. (2014) yer
dosemesi is kaleminin metraj ve maliyet hesaplamalarini insan miidahalesiz bigimde yapan bir sistem
gelistirmiglerdir. Odanin kullanim amaci, karonun tiirii, boyutlari, malzeme tiirii gibi is kosullarinin sisteme
tanitilmasi ile 6nceden uzman goriisleri dogrultusunda egitilmis sistem isgilik ve malzeme maliyeti tahmini
yapmaktadir. Choi vd. (2015) binalarin 6n tasarim sathasinda metraj hesaplayan bir sistem gelistirmislerdir.
OpenBIM yazilimma ETS verileri aktarilarak verinin dogrulugu denetlenmis ve metraj hesaplamalar
gerceklestirilmistir. Liu vd. (2016) metraj hesaplamalarinda ontoloji tabanli semantik bir yaklagim gelistirerek
nesnelerin birbirleri arasindaki iliskilerin tanimlanmasi ile daha yiiksek dogrulukta sonuclar elde etmislerdir.
Kurulan iligkilerde duvarin kapt pencere gibi baska nesneleri barindirabilecegi tanimlanarak minhalar daha
dogru hesaplanabilmistir. Kim vd. (2022) yapinin tanimlanmasi sirasinda olusturulan modellerdeki geliskileri
incelemis ve bunlarin metraj tizerindeki etkisini arastirmiglardir. Uygulanan insaat teknigine uyumsuz bigimde
olusturulan kompozit duvar ve prefabrik elemanlarin metraj degerlerinin %6 mertebesinde sapabilecegi
belirlenmigtir. Liu vd. (2022) metraj hesaplamalarinda semantik bir model gelistirerek YBM yazilimlarinin
metraj hesaplamasi iizerine mevcut durumlarindaki yetersizliklerin 6nemli bir kismini gidermislerdir. Doseme-
duvar, doseme-Kiris, doseme-kolon ve ddéseme duvar birlesimlerinin geometrisi ve kesisim alanlari
tanimlanmig ve daha yiiksek dogrulukta metraj hesaplamalar1 gergeklestirilmistir.

Farkli insaat yontemi uygulamak da metraj degerini etkileyebilmektedir. Bir kaya temel kazisinin
gergeklestirilmesi icin hidrolik kirict veya riper bigagi kullanimi bu duruma o6rnek olarak gosterilebilir
(Bettemir vd., 2021). Belirtilen durum g6z oniine alindiginda metrajin YBM ile hazirlanmasi farkli ingaat
yontemlerinin uygulanmasinin karsilagtirilmasinda yardimci olabilecektir.

Mevcut durumda YBM yazilimlart yapisal ve mimari elemanlarin karmasik bigimdeki kesisimlerini tam olarak
belirleyememektedir. Bu nedenle olusan kesisim alan1 veya hacmi kabullenmelerle hesaplanmakta ve metraj
siirecindeki minhalarin bir kism1 kabullenmeler yardimiyla belirlenmektedir. Bunun sonucunda hesaplanan
metraj gercek degerden sapabilmektedir. Kolon-kiris, kolon-doseme ve kirig-dogseme kesigimleri basitlestirme
yapilan kesisim hesaplamalarina 6rnek olarak gosterilebilir. Kesisen elemanlarin tespit edilebilmesi kadar,
kesisimin oldugu kismin da tespit edilmesi minhanin dogru hesaplanabilmesi i¢cin 6nemlidir. Belirtilen sorunun
¢Oziimii i¢in yazilim firmalar1 ve akademi yogun bi¢imde calismaktadir. Bu ¢calismada Python programlama
dili ve bu dille uyumlu bicimde 3 Boyutlu gdorsellestirme yapabilen Ursina oyun motoru ve Tkinter
Kiitiiphanesi kullanilarak YBM 6zelliklerine sahip bir yazilim gelistirilmistir. Gelistirilen yazilim 3 Boyutlu
gorsellestirme yapabilmekte ve beton, kalip ve kalip iskelesi metrajlarim1 yiiksek dogrulukta
hesaplayabilmektedir. Bu sayede literatiir ve uygulamadaki énemli bir boslugun doldurulmasi hedeflenmistir.

3. Materyal ve metot
3. Material and method

Python programlama dili igerisinde bulunan Tkinter Kiitiiphanesi, Python tabanli Ursina 3B oyun motoru ve
SQLite3 veri tabani kullanilarak YBM tabanli ingaat planlamasi ve 3B gorsellestirme islemlerini gergeklestiren
bir yazilim gelistirilmistir. Yazilimin gelistirim siireci ¢izim ara yiiziiniin tasarlanmasi, ¢izim komutlarinin
alinmasi, veri tabani olusturulmasi ve veri tabaninin yonetilmesi, metraj ve maliyet hesaplamalarinin yapilmasi
ve 3 Boyutlu gorsellestirme asamalarindan olugmaktadir.

3.1. Cizim ara yiiziiniin olusturulmasi
3.1. Preparation of graphical user interface for drawing

Tkinter, Python programlama dili i¢in standart olarak kullanilan bir Grafiksel Kullanici Arayiizii (GKA)
kiitiiphanesidir. Capraz platform olan Tkinter Kiitiiphanesinin Windows isletim sistemi disinda MacOS ve
Unix gibi bir¢ok isletim sisteminde c¢aligabilme o6zelligi giiclii ve saglam ara yiizler olusturma imkani
saglamaktadir. Bu sayede Tkinter Kiitliphanesinin kullanim1 giderek yayginlagsmaktadir.

89



Ergen ve Bettemir. 2023 / Cilt:13 « Say::1 « Sayfa 86-105

Tkinter kiitiiphanesindeki Tk() sinifi ile gelistirilen yazilimin ana penceresi olusturulmaktadir. Olusturulan ana
pencere lizerinde ¢izim ara yiizii, butonlar ve diger araglarin yerleri belirlendikten sonra Frame() sinifi
kullanilarak araglar gruplandirilmaktadir. Frame() sinifi, farkli araglarin ana penceredeki konumlarina gére
diizenlenmesi ve gruplandirilmasi islemlerinin gergeklestirilmesi igin ¢ergceve olusturmaktadir. Sekil 1°de
butonlar1 bir arada tutan c¢ercevenin olusturulmasini saglayan kod parcacigi sunulmustur. Tkinter
kiitiphanesinde geometri yonetimini gergeklestirmek icin pack(), grid() ve place() metotlar1 kullanilmaktadir.

buttonFrame = Frame(tabl, width=1535, height=40, bd=0, bg="#ESE7ES")

buttonFrame.grid(row=0, column=8, sticky="nsew")

Sekil 1. Frame() sinifi kullanilarak ¢ergceve olusturulmasi
Figure 1. Frame formation by the Frame() class

Cizim ara yiiziinii olusturmak i¢in tizerinde ¢izim yapilabilen tuvali diizenleyen Canvas() sinifi kullanilmustir.
Cizgi, dikdortgen, ¢okgen, yay gibi birgok sekli ¢izmek igin igerisinde metotlar bulundurmaktadir. Canvas()
smifi ile olusturulan ¢izim ara ylizii penceresinde ekran kaydirma, pan, islemi yapilabilmesi i¢in Canvas()
smufi igerisindeki scrollregion komutu kullanilmustir.

Cizilecek yapi elemanlarmin o6zelliklerinin kullanici tarafindan girilmesini saglamak i¢in agilan (pop-up)
pencereler, TopLevel() sinifi ile olugturulmustur. Button() sinifi kullanilarak butonlar olusturulmustur. Sekil
2’de tiklandiginda ilgili yap1 elemanmi tanmimlamak igin kullanici ara yiizii penceresini agan butonlar
gosterilmistir.

l Yapi Bilgi Modeli Tabanli Ingaat Planlamasi Yazilimi
Dosya Dazenle Yardim
Statik Mimari

Kolon Adi

Kolon Tipi Dikdortgen v

Bx (cm) o N

By (cm) o

mepasl -l  KOlon Penceres

kot (cm) \0

egiklik (cm) o

Bx

Sekil 2. Yap1 elemanlarindan kolona ait 6zelliklerin girilmesini saglayan pencere
Figure 2. Window providing the data entrance of the column structural element

Kolona ait ozelliklerin girilmesini saglayan ve Sekil 2’de sunulan penceredeki metinler Label() sinifi ile
olusturulmustur. Label() sinifi, resim ya da metinlerin pencere igerisinde goriintiilenmesini saglamaktadir.
Kolon penceresindeki metin kutulari ise Entry() sinifi ile olugturulmustur. Entry() sinifi, kullanici tarafindan
girilen veriler i¢in girdi kutular saglamaktadir. Sekil 3’te kolon penceresine ait Label() ve Entry() siniflarinin
kullanildig1 bir kod pargacigi sunulmustur.
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_column_name = el _data_popup, text=
label column_name.place(relx=0.10, rely=06.01)

entry_column_name = Ent column_data_popup, textvariable=kolon_ad, width=6)
entry_column_name.place(relx=0.55, rely=0.81, relwidth=0.15

Sekil 3. Label() ve Entry() siniflarinin kullanimi
Figure 3. Utilization of Label() and Entry() classess

Entry() siniflar1 ile olusturulan girdi kutularindaki degerleri saklamak icin degiskenlerden yararlanilir. Ornegin
tamsay1 saklamak i¢in IntVar() simfi kullanilirken, dizi ya da karakter saklamak igin StringVar() sinifi
kullanilmaktadir. Degigkenler aracilifiyla bellekte saklanan degerlerin gagirilmasi i¢in get() metodundan
yararlamlir. Ornegin Sekil 3°te kolon_ad degiskenini kolon_ad.get() komutu ile ¢agrilabilir.

3.2. Cizim komutlarimin islenmesi
3.2. Transaction of drawing commands

Cizim i¢in olusturulan “Ciz” butonuna basildiktan sonra ¢izimi gergeklestiren fonksiyon cagrilmaktadir.
Python dilinde fonksiyon olusturmak i¢in fonksiyon adinin 6niinde “def” anahtar s6zciigii kullanilir. Cizilecek
elemanin sekline gore Canvas() sinifina ait komutlar kullanilir. Ornegin dikddrtgen kolon elemaninin 2B
gosterimi igin create_rectangle() komutu kullanilmistir. Komutlar yalin haliyle degil elemana gore
Ozellestirilmis haliyle kullanilmistir. Cizim fonksiyonun fare tiklamalar1 ile gerceklestirilmesi igin bind()
komutu kullanilmistir. bind() komutu, belirli bir islemin belirli bir pencerede fare ve klavye diigmelerini
kullanarak gergeklestirilmesini saglamaktadir.

Cizilecek yapisal eleman ile ilgili gerekli 6znitelik bilgileri Sekil 2’de sunulan ara yiiz kullanilarak girildikten
sonra “Ciz” butonuna basilarak girilen veriler kaydedilir. Ardindan ¢izim ekram {izerindeki akslar yardimiyla
elemanin cizilecegi yere farenin sol tusu ile tiklanarak ¢izim gergeklestirilir. Kolonun ¢izimle tanimlanmasi
sirasinda ¢izimin gergeklestirilmesi i¢in tek fare tiklamasi yeterli iken kiris gibi elemanlar i¢in 2 tiklama
noktas1 gerekmektedir.

Dosya Duzenle Yardim

Statik Mimari

' Kolon —

Kolon Adi [101

Kolon Tipi Dikdértgen v

Bx (cm) 60

By (cm) o
R (cm) o

eksantrisite x (cm) [07
eksantrisite y (cm) [0
kot (cm) o

egiklik (cm) o

Sekil 4. Kolon ¢izimi i¢in tanimlanan veriler
Figure 4. Defined data for the drawing of column

Kirig elemanini ¢izmek i¢in “Kiris” butonuna basildiktan sonra agilan pencerede kirige ait 6zellikler girilir ve
“Ciz” butonuna basilir. Ardindan Sekil 5’te gosterildigi gibi sirasiyla 1 ve 2 numarali diigiim noktalarina sol
tiklanarak kirigin ¢izimi gergeklestirilir.
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¢ Kirig
Kirig Ach

bw cm
hecm

eksantrisite x (cm)

1

eksantrisite y (cm)

N ‘

kot (cm)

duvar yaka (t/m2) 13 cm Tugla (0.25) v

hareketli yik (t/m2) 0.15

Sekil 5. Ara yiiz ekraninda 1 ve 2 ile ifade edilen kisimlara sol tiklanarak kirisin ¢izilmesi
Figure 5. Drawing of beam by left clicking the points 1 and 2 at the drawing interface

Doéseme elemanini gizerek tanimlayabilmek i¢in désemeyi tasiyacak olan tiim kolon ve kirigler Sekil 2, 4 ve
5’te ifade edildigi bigimde tanimlanmalidir. Désemenin 6zniteliklerini tanimlamak i¢in “Ddseme” butonuna
basildiktan sonra agilan pencerede dosemeye ait ozellikler girilir ve “Ciz” butonuna basilir. Ardindan Sekil
6’da gosterildigi gibi sirasiyla 1 ve 2 numarali diigiim noktalarina farenin sol tusu ile basilir. Béylece doseme
elemaninin ¢izimi gergeklestirilir.

' Daoseme

Déseme Adi

kalinlik (cm)

yaricap (cm)

yon

kaplama yuki (t/m2)

hareketli yik (t/m2) 0.15 v

™ Yanm Daire Olarak Ciz

Sekil 6. Doseme 6zelliklerinin girilmesini saglayan doseme ara yiiz ekrani
Figure 6. Graphical user interface which provides the definition of slab attributes

Veri giriginin tamamlanmasi ile Sekil 7°de gosterilen doseme ¢izilmis olur. Cizimi gergeklestirilen elemanlar
birer nesne olarak Python’da olusturulan bir liste igerisine eklenmektedir. Kolon, kiris ve doseme yapisal
elemanlari i¢in farkl listeler olusturulmustur. Aynmi sinifa ait elemanlar ayni liste icerisine eklenmektedir.
Cizilen bir elemani silmek icin eleman {izerinde sag tiklanarak ¢ikan meniiden “Sil” segenegine tiklanir. 2B
¢izim ekraninda silinen eleman ayrica 6zniteliklerini saklayan liste i¢erisinde de silinmektedir.
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Sekil 7. Doésemenin ¢izilerek tanimlamasinin gergeklestirilmesi
Figure 7. Definition of slab by drawing

Cizilecek elemanlarin dogru noktaya konumlanmasi igin fare ile diigiim noktasina yaklasildiginda kullaniciy1
bilgilendirme amagli metinle uyar1 verilmektedir. Uyar1 ¢iktiginda ¢izimi gergeklestirmek i¢in farenin sol
tusuna basildiginda ¢izim tam olarak istenilen noktaya gore cizilecektir. Kullanicinin bilgilendirilmesi
sayesinde ¢izimler daha az hata ile gergeklestirilmekte ve hesaplamalar daha dogru sonu¢ vermektedir.
Gelistirilen YBM yazilimui ile ¢izilen yapimn kalip plami Sekil 8’de sunulmustur.

B B
e ooy
D002
hf=15

S006. S007
(40%40) (40%40)
MERDIVER: D006
hf=15

Sekil 8. 2 katli yapinin birinci kat planinin gosterimi
Figure 8. lllustration of floor plan of the two-story building

3.3. Veri tabani olusturulmasi ve veri tabaninin yonetilmesi
3.3. Formation and management of database

Yapisal elemanlarin 6znitelik bilgilerinin saklanmasi, sorgulanmasi, silinmesi ve degistirilebilmesi igin
yazilima iligkili bir veri tabaninin olmasi gereklidir. Gelistirilen programda veri tabani olusturmak igin sqlite3
veri taban1 motoru kullanilmigtir. SQLite agik kaynak kodlu veri taban1 motorudur. Yapilandirilmig verilerin
saklandig1 veri tabanlart YBM yazilimlan igin ¢ok biiyiilk bir dneme sahiptir. YBM tabanli gelistirilen
programda ¢izilen yap1 elemanlarin 6zellikleri, yap1 bilgileri vb. nitelik bilgileri sqlite3 ile olusturulan veri
tabaninda kaydedilmektedir. Veri tabanina kaydedilen veriler daha sonra metraj hesaplamalarinda ve yapinin
3B modelinin olusturulmasinda kullanilmaktadir.
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Sekil 9’da ¢izimi gergeklestirilen dosemelere ait 6znitelik verilerinin saklandigi veri tablosu sunulmustur.
Dosemelerin baslangic ve bitis noktalari, doseme kalinligi, kaginci kata ait oldugu gibi bilgiler veri tabaninda
saklanmaktadir.

id Xbas Ybas Xbit Ybit hf dosemeNo dosemeAd dosemeTipi dosemeCapi mevcutKat

e e e e Jite e

1 150 50 300 350 12 2392 001 0 0 0
2 250 50 300 350 12 100 101 0 0 1
3 3300 50 600 350 12 2479 002 0 0 0
4 4300 50 600 350 12 103 102 0 0 1
5 5600 50 850 350 12 2553 003 0 0 0
6 6 600 50 850 350 12 106 103 0 0 1
7 7300 35 600 600 12 2621 005 0 0
8 8300 350 600 600 12 109 105 0 0 1
9 9600 35 85 600 12 2684 006 0 0 0
10 10600 350 850 600 12 112 106 0 0 1
11 11 50 350 200 600 12 2878 004 0 0 0
12 12 50 350 300 600 12 115 104 0 0 1

Sekil 9. sqlite3 ile olusturulan déseme veri tablosunda saklanan veriler
Figure 9. Data table of the data of slab stored at the database formed by sqlite3

Python sglite3 ile veri tabani olusturmak igin connect() metodunu kullanarak sqlite3 ile etkilesime
gecilmektedir. Ardindan veri tabaninda islem yapabilmek igin cursor() metodu kullanilarak bir nesne
olusturulmaktadir. Veri tabaninda yapilacak islem execute() metodu ile yerine getirilmektedir. Agilan her veri
tablosu islem tamamlandiktan sonra close() metodu ile kapatilmalidir aksi takdirde bellekte yer kaplamaya
devam eder. Sekil 10°da kiris eleman: i¢in “beam.db” adinda bir veri tablosu olusturan 6rnek kodlama
gosterilmektedir. SQLite veri tabani motoru Windows, MacOS, Android igletim sistemlerinde sorunsuz
bicimde c¢aligabilmesi her platformda ¢alisabilecek bir YBM yazilimi gelistirilebilmesi agisindan énemli bir
avantajdir.

Eldef beam data():
con_3 = sqlite3.connect("beam.db")
cur_3 = con_3.cursor()
cur_3.execute(
"CREATE TABLE IF NOT EXISTS beam (id INTEGER PRIMARY KEY,\
Gx text, Gy text, Genislik text, Derinlik text, Uzunluk text, Gxbas text, Gybas text, \
Gxbit text, Gybit text, KirisEx text, KirisEy text, kirisNo text, kirisAd text, mevcutKat text)"

)
con_3.commit()
con_3.close()

Sekil 10. sqlite3 ile veri tablosu olusturma
Figure 10. Formation of data table by sqlite3

3.4. Cizilen elemanlarin komsuluklarimin tespit edilmesi
3.4. Detection of the neighborhood of the drawn elements

Metrajin yiiksek dogrulukta gergeklestirilebilmesi igin birbirlerine komsu olan yapisal elemanlarin
belirlenmesi gerekmektedir. Komsu elemanlarin birbirlerine hangi konumda temas ettikleri ve temas yiizeyinin
boyutu hesaplanmalidir. Ayrica dosemede kolon disi olmasi gibi durumlarin tespit edilebilmesi igin bir tasiyici
elemanin bagka bir tasiyic1 elemanin sinirlarii tanimlayan poligonun sinirlarinin i¢ine gegip gecmediginin
tespit edilmesi ve i¢ i¢e gecen elemanlarin ne kadar boyutta ortiistiigiiniin belirlenmesi gereklidir. Sekil 11°de
SO01 kolonuna saplanan K001 ve K002 kirisleri gosterilmektedir. Bu kirislerin hangi kolona saplandigi ve
kolonun kalip alanm1 hesaplanirken ne kadar alan diigiilmesi gerektigini YBM yaziliminin hesaplayabilmesi
gereklidir. Ayrica Sekil 8’de gosterildigi gibi kolonlar doseme icine gegebilmektedir. Dosemelerin beton ve
kalip metrajlarin1 dogru hesaplayabilmek i¢in kolonun ne kadarinin déseme sinirlarina gectiginin hesaplanmasi
gereklidir.
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Sekil 11. SO1 kolonu ve komsu kiriglerin gosterimi
Figure 11. Hlustration of the SO1 column and the neighboring beams

Tkinter kiitiiphanesinin siniflarindan biri olan Canvas() smifina ait find_overlapping() ve find_closest()
fonksiyonlar1 yapi elemanlarinin komsuluklarini tespit etmek i¢in kullanilmigtir. Bu metotlar arasinda en iyi
sonucu veren metot yapit elemaninin durumuna ve sonucun dogruluguna gore tespit edilmistir. Sekil 11°de
gosterilen SO1 kolonuna komsu olan elemanlar: tespit etmek igin oncelikle kolona ait veri tabanindan SO1
kolonunun koordinat bilgileri gekilir. Elde edilen koordinat bilgileri dogrultusunda S01 kolonuna komsu olan
elemanlar tespit etmek i¢in kolonun ebatlarindan biraz daha biiyiik bir alan i¢in 6nceden tanimli bir tampon
degeri kullanilarak olusturulur. Sekil 11°de SO1 kolonuna ait komsu elemanlari tespit edebilmek igin (x1, Y1)
ve (X2, ¥2) noktalarindan gegen bir dikdortgen alan olusturulur. Ardindan ‘‘find overlapping(x1,y1,x2,y2)”
fonksiyonu ile ilgili parametreler girilerek olusturulan dikdortgen alani igerisinde arama yapilir. Arama
sonuclarinda birden ¢ok eleman tespit edilebilir. Bu yiizden istenilen elemani tespit edebilmek i¢in ¢izim
asamasinda cizilen elemanlara “tag” parametresi verilmektedir. Ornegin kirisler icin “tag” parametresi
“tag=kiris” olarak verilmistir. “tag” parametresine gore eslestirme yapilarak istenilen eleman tiirtinde komsu
elemanlar tespit edilmektedir.

3.5. Metraj ve maliyet hesabi
3.5. Quantity take-off and cost computations

Gelistirilen YBM yazilimi kalip, beton ve kalip iskelesinin metrajin1 hesaplayabilmektedir. Ayrica tanimlanan
rayi¢ degerleri kullanarak yaklagik maliyet hesaplamaktadir.

3.5.1 Kalip metraji
3.5.1. Quantity take-off of formwork

Kalip metraji hesabi igin izlenen igslem adimlart asagida 6zetlenmistir;

1. Yap1 elemanlarinin kolon-kiris, kolon-doseme ve kiris-doseme komsuluklari tespit edilir.

2. Komsuluklarin temas alanlart hesaplanir.

3. Hesaplanan temas (minha) alanlari ilgili elemanin briit kalip metraji sonucundan ¢ikartilarak elemanin
kalip metraj1 hesaplanir.

4. islem 1-2-3 kalip planindaki tiim elemanlar igin uygulanir.

5. Tiim elemanlarin kalip metraj1 toplanarak toplam kalip metraji elde edilir.

3.5.2 Beton metraji
3.5.2. Quantity take-off of concrete

Beton metraj1 hesabi i¢in ilgili elemanlarin ebatlar1 veri tabanindan gekilir. Kolon ve kirislerin beton metraji
genislik, uzunluk ve yiikseklik degerlerinin carpilmasi ile elde edilir. Dosemelerin beton metrajinda ise
kolonlarin komsuluklarmin hesaplanmasi gereklidir. Belirtilen islemin akis semasi agagida verilmistir.

Kolon-déseme komsuluklari tespit edilir.

Komsuluklarin temas alanlar1 hesaplanir.

Hesaplanan temas (minha) alanlar1 ilgili ddsemenin briit alanindan ¢ikarilir.
Elde edilen alan déseme kalinlig1 ile carpilir ve beton miktar elde edilir.
Islem 1-2-3-4 tiim dsemelere uygulanir.

akrwnE
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3.5.3 Kalip iskelesi metraji
3.5.3. Quantity take-off of scaffolding for the formwork

Kalip iskelesi betonarme kaliplarinin taze betonun agirligini tasiyamamasi nedeniyle kaliplar1 desteklemek
icin inga edilen iskeledir. Kalip iskelesi metraji beton dokiilen bolgede desteklenmesi gereken kaliplar icin
kurulacak olan iskelenin hacminin hesaplanmasini gerektirir. Kalip iskelesi metraji i¢in hesaplanacak olan
katin yiizey alani ile kat yiiksekligi ¢arpilir. Carpim sonucundan ilgili katin beton metraji ¢ikartilarak kalip
iskelesi kurulacak kesimin hacmi hesaplanir. Belirtilen islemin akis semasi asagida verilmistir.

1. Kolon-déseme-kiris yap1 elemanlarinin yiizey alani hesaplanir.
2. Alan degeri kat yiiksekligi ile carpilir.
3. Hesaplanan hacimden beton hacmi ¢ikarilir ve kalip iskelesi miktar1 elde edilir.

3.5.4 Yaklasik maliyet hesabi
3.5.4. Computation of the approximate cost

Metraj degerlerinin, metraj kalemlerinin birim fiyatlar ile ¢arpilmasi sonucu ilgili is kaleminin yaklasik
maliyeti hesaplamir. Insaat sektoriinde yaygin olarak Tiirkiye Cumhuriyeti Cevre, Sehircilik ve Iklim
Degisikligi Bakanlig1 tarafindan agiklanan birim fiyatlar kullanilmaktadir. Fakat yiiklenici insaatin zorluk
derecesine, insaatin yapildigr bolgeye gore insaatt daha farkli birim maliyete yapabilir. Bu nedenle is
paketlerinin birim fiyatlar1 kullanici tarafindan Sekil 12°de gosterilen grafik ara yiiz ile tanimlanmaktadir.

30 srim v |

¢ Birim Fiyat — X
TARIF BIRIM FIYAT (TL)
HAZIR BETON 260
PLYWOOD KALIP 70

KALIP ISKELESI 15

Sekil 12. Birim fiyat tanimlama ara yiiz penceresi
Figure 12. Graphical user interface for the definition of unit prices

Pencere {izerinde bulunan “Birim Fiyat” butonuna basildiginda agilan ara yiiz ekranina ilgili tarifler i¢in rayic
bedelleri kullanici tarafindan girilir. Ardindan “Metraj Hesab1” butonuna basilarak metraj ve maliyet hesab1
yapilir. Sonuglar Rapor seklinde yeni bir pencere agilarak kullaniciya sunulur.

3.6. Yapmnn 3 boyutlu gorsellestirilmesi
3.6. 3-Dimensional visualization of the structure

Gelistirilen program ile tagiyict sistemi ¢izilen bir yapinin 3 Boyutlu Modelini olusturmak i¢in Python
programlama dilinde Ursina Oyun Motoru kullanilmistir. Python 3.6 ve iizeri siiriimlerde uyumlu bigimde
calisgan Ursina, agik kaynak kodlu bir oyun motorudur. 3 Boyutlu gorsellestirmenin saglikli bigimde
yapilabilmesi i¢in koordinat sisteminin tutarli bigimde tanimlanmasi gereklidir. Grafik motorlarinin koordinat
sistemi tamimlamalar1 yap1 eleman1 ve ¢izim programindan aktarilan koordinatlari doniistiirme isleminden
sonra kullanilabilmesini sagladigi i¢in genellikle sol el kuralina uymaktadir. Ursina oyun motorunun koordinat
tanimlamasi Sekil 13’te sunulmustur.

Yapinin elemanlarinin 3B Modelini olusturmak i¢in yap1 elemanlarinin alanlar1 ve kalinliklar1 veri tabanindan
sorgulama ile elde edilir. Ardindan Ursina kiitiiphanesindeki Entity() sinifi kullanilarak ilgili elemanin 3B
Modeli olusturulur. 3B Modeli olusturulan yapinin igerisinde gezinme islemi igin FirstPersonController()
sinifindan bir FPS nesnesi olusturulur. Olusturulan nesnenin hareket edebilmesi i¢in X, y ve z parametrelerine
bir tam say1 degeri girilmelidir. Klavyeden “W, A, S, D, Bosluk” tuslarmi kullanarak olusturulan nesneyi

96



Ergen ve Bettemir. 2023 / Cilt:13 » Say1:1 « Sayfa 86-105

hareket ettirerek yapi igerisinde gezinilebilir. TBM yaziliminin gelistirme siirecinin akis semasi Sekil 14’te
sunulmustur.

MY

>X

Sekil 13. Ursina koordinat sistemi taniminin gosterimi
Figure 13. lllustration of the definition of Ursina coordinate system

‘ Baslangic \

Python Tkinter kitiiphanesi
ile kdk pencerenin
olusturulmasi

Cizim ara yizi ve diger Diger araclann ve cizilecek
araclar icin Frame() simifi olan elemanlarin pop-up
ile cercevelerin pencerelerinin
olusturulmasi olusturulmasi

Cizimi gergeklestirilen
elemanlann &ézelliklerinin
sqglite3 ile olusturulan veri

tabanina aktarilmasi

2B Cizim Gzerinden
elemanlarin komsuluklarinin
Canvas() sinifina ait metotlar
ile tespit edilmesi

Veri tabani ile elemanlarin
komsuluk verileri kullanilarak
metraj ve maliyetin
hesaplanmasi

Python Ursina kiittiphanesi
ile ¢izimin 3B modelinin
olusturulmasi ve gezinme
isleminin gergeklestirilmesi

Sekil 14. YBM yazilimi gelistirme siirecinin akis semasi
Figure 14. lllustration of the flowchart of the BIM software development process

4. Vaka analizi
4. Case study

Gelistirilen YBM 6zelliklerine sahip yazilimin yetenekleri iki katli bir hipotetik betonarme projesi iizerinde
denenmistir. Sekil 8’de gosterilen kat plani ¢izilmis, ayrica yapinin tekil temeli ve bag kirislerinin Sekil 15°te
sunuldugu gibi tasarim ¢izimleri gergeklestirilmistir.

97



Ergen ve Bettemir. 2023 / Cilt:13 « Say::1 « Sayfa 86-105

Sekil 15. Yapinin tekil temel planinin gosterimi
Figure 15. Illustration of single footing plan of the two story building

Gelistirilen yazilim yontem kisminda agiklanan algoritmalari kosturarak kalip, beton ve kalip iskelesi
metrajlart hesaplanmistir. Yazilim tarafindan hazirlanan metraj raporu Sekil 16’da sunulmustur.

Sekil 16. Metraj raporu
Figure 16. Quantity take-off report

Yazilimin hazirladigt metraj raporunda merdivenlerin kalip ve beton degerleri bulunmamaktadir.
Merdivenlerin metraja dahil edilmesi ileri ¢aligma olarak gergeklestirilecektir. Merdiven disindaki elemanlarin
metraj degerleri el ile Tiirkiye Cumhuriyeti Cevre, Sehircilik ve Iklim Degisikligi Bakanlig1 tarafindan
belirtilen Birim Fiyat usulii sozlesmelerde 6demeye esas teskil eden metraj hesaplama yontemleri ile elde
edilmistir. Kontrol amacgh yapinin beton, kalip ve kalip iskelesi metrajlart elle hesaplanmistir. Yazilimin
sundugu metraj degerleri elle yapilan metraj hesaplamalari ile bire bir ayni sonucu vermektedir.

Metraj hesaplamalar sirasinda kolon-kiris, doseme-kiris ve kolon-déseme komsuluklarinin tespit edilmesi
gerekmektedir. Vaka analizi olarak incelenen drnek projenin her katinda 12 adet kolon, 17 adet kiris ve 6 adet
doseme bulunmaktadir. Incelenen bina goéreceli olarak +kiigiik bir yap1 olsa da tipik bir miistakil konut
boyutlarindadir. Veri girisi biciminden dolay1 kolon-déseme komsuluklarinin tespitine gerek kalmamaktadir.
Ciinkii dosemelerin tanimlanmasi, kendisini cevreleyen kolonlarla gerceklestirildigi i¢in kolon-doseme
komsuluklar1 herhangi bir sorgulama yapmadan belirlenmektedir. Kolon-kiris komsuluklari ise her kolona
saplanan kirisin ¢ift dongii ile once tiim kolonlarin ardindan tiim kirislerin taranmasi ile tespit edilmektedir.
Kolona saplanan kiris sayist kesin bir rakam olmayacagi i¢in saplanan kiris say1si ne olursa olsun tiim dongi
tim Kkirigler i¢in ¢evrilmektedir. Vaka analizinde 12*17*2 = 408 adet kolon ve kirigin temas edip etmedigi
sorgulamasi yapilarak kolon-kiris komsuluklar1 sorgulanmistir. Sorgu sayisinin 2 ile ¢arpilmasimin nedeni
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kirislerin baglangi¢ ve bitig diigiim noktasi olmak iizere 2 adet diigiim noktasina sahip olmasi ve her 2 diigiim
noktasinin da karsilastirilmasidir. Kiris-déseme komsulugunun tespiti ise tiim kirislerin baglangic ve bitis
diigim noktasinin ayni déosemeyi ¢evreleyen diigiim noktalar1 arasinda olmasi durumunun sorgulanmasi ile
gergeklestirilir. Bu sekilde 6*17*2 =204 adet sorgulama yapilarak kirig-déseme komsuluklari tespit edilmistir.

Metraj hesaplamalar1 gerceklestirilen yapinin 3 Boyutlu gosterimi gerceklestirilmis ve Sekil 17 ve 18’de
sunulan beton dokusu eklenmis ve eklenmemis goriintiiler elde edilmistir. Ayrica binanin ig¢inde yiirlime
goriintiisii Sekil 19°da sunulmusgtur.

Sekil 17. Binanin beton dokusuz 3B modeli
Figure 17. 3D model of the building without concrete texture

Sekil 18. Binanin beton dokulu 3B modeli
Figure 18. 3D model of the building with concrete texture
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Sekil 19. Yapinm i¢inde beton dokulu hali ile gezinme
Figure 19. Walk around the building with concrete texture

Cizim dosyas1 dxf uzantist olarak disar1 aktarilabilmekte ve ticari bilgisayar destekli ¢izim veya yapi bilgi
modellemesi yazilimlar1 tarafindan agilabilmektedir. Bu sayede diger ticari yazilimlarla veri aktariminin
yapilabilmesi saglanmigtir. Olusturulan ¢izimler dxf dosya uzantisi olarak kaydedilmis ve AutoCAD yazilimi
ile acilmistir. Elde edilen goriiniim Sekil 20’de sunulmustur.

=KW

Sekil 20. Cizimlerin disa aktarilip baska ticari yazilimla agilmasi
Figure 20. Extraction of the drawings and opening them with another commercial software

Vaka analizinde incelenen yapinin temel, zemin kati ve birinci kat i¢in kaba insaat is kalemlerinin metraji
hesaplanmis ve elde edilen degerler Tablo 1°de sunulmustur. Donati metrajinin hesaplanmasi bu ¢alismanin
kapsami digindadir.

Elde edilen metraj sonuglari elle hesaplanarak kontrol edilmis ve sapma miktarlar1 Tablo 2’de sunulmustur.
Ayni1 yap1 metraj hesaplamasi yapan yerel 2 yazilimla incelenmis ve yazilimlarin sundugu metraj degerlerinin
sapma oranlar1 Tablo 2’de sunulmustur. Incelenen yazilimlar kalip iskelesi metraji hesaplamadiklari igin bu is
kaleminin karsilagtirmasi yapilamamaistir.
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Tablo 1. Vaka analizi metraj sonuglari
Table 1. Results of quantity take-off of case study problem

Elemanyeri  Eleman Metraj Kalemleri
Beton (m3) Kalip (m?) Kalip iskelesi (m®)

Temel Somel 6.000 18.90

Temel Bag Kiris 4.950 33.00

Temel Toplam 10.950 51.90

Zemin Kat Kolon 5.760 54.21

Zemin Kat Kirig 3.888 30.14

Zemin Kat Doseme 5.798 38.66

Zemin Kat Toplam 15.446 123.00 127.054
Birinci Kat Kolon 5.760 54.18

Birinci Kat Kirig 3.888 29.82

Birinci Kat Déseme 5.997 39.98

Birinci Kat Toplam 15.645 123.98 134.355

Elde edilen metraj sonuglar elle hesaplanarak kontrol edilmis ve sapma miktarlar1 Tablo 2’de sunulmustur.
Ayni1 yap1 metraj hesaplamasi yapan yerel 2 yazilimla incelenmis ve yazilimlarin sundugu metraj degerlerinin
sapma oranlar1 Tablo 2’de sunulmustur. Incelenen yazilimlar kalip iskelesi metraji hesaplamadiklari igin bu is
kaleminin karsilastirmasi yapilamamistir.

Tablo 2. Gelistirilen yazilim ile yerel yazilimlarin metraj hata oranlarinin karsilastiriimasi
Table 2. Comparison of the quantity error rates of the developed software and local software

Hata Oram (%)
Metraj kalemi  Gelistirilen yazilhim Yerel yazihm 1 Yerel yazilhm 2
Beton 0.00% -0.301% 0.019%
Kalip 0.01% 3.795% -0.246%
5. Bulgular

5. Results

Bu caligmada gelistirme asamasinda olan bir YBM yaziliminin mevcut durumu vaka analizi ¢alismasi ile
denenmis ve sonuglar1 paylasilmistir. Gelistirilmekte olan YBM yazilimi mevcut haliyle basarili bicimde 3
Boyutlu gorsellestirmeyi gergeklestirebilmektedir. Buna ek olarak kesin dogrulukta beton, kalip ve kalip
iskelesi metrajlarin1 hesaplayabilmektedir. Yazilim ekranda donma olmadan bina iginde gezinme imkanini
sunmaktadir. Gorsellestirme 6zelligi sayesinde tasarim hatalarini belirleme, ¢akigma analizi ve sunum amach
kullanilma potansiyeli bulunmaktadir. Fakat yazilimin ticari 6zelligi kazanabilmesi i¢in 6nemli iyilestirmelerin
yapilmasi gereklidir.

Gelistirilme asamasinda olan yazilim kullamilarak yapilan beton, kalip ve kalip iskelesi metrajlar1 ayrica
manuel olarak hesaplanmig ve birebir ayni sonuglarin elde edildigi goriilmiistiir. Yazilimda kullanilan kesisim
tanimlama algoritmasi kolon-kirig, kolon-déseme ve doseme-kiris kesigimlerini tanimlamakta ve kesigim
alanlarin1 dogru bi¢cimde hesaplamaktadir. Bu sayede kalip, beton ve kalip iskelesi metrajlar1 dogru bicimde
hesaplanabilmektedir.

Ornek calismada tastyici sistem diizgiin geometrili olacak sekilde tasarlanmistir. Désemenin veya kolonlarm
daire seklinde olmasi1 durumunda kesisim alanlari tam dogru bi¢imde belirlenememekte ve metraj degerlerinde
gergek degerlerden kiiciik miktarlarda sapmalar olmaktadir. Belirtilen eksikligin giderilmesi ileri ¢alisma
olarak gergeklestirilecektir.
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6. Tartisma
6. Discussion

Gelistirilmekte olan YBM yaziliminin mevcut durumunda duvar, siva, boya, yer désemesi, dograma ve cati
cizimlerinin yapilabilmesi, belirtilen is kalemlerinin 3 Boyutlu gorsellestirmesinin yapilmast ve belirtilen
kalemlerinin ingaat agamalarinda bina i¢inde yiirtinmesi 6zellikleri bulunmamaktadir. Belirtilen 6zelliklerin
yazilima kazandirilmast ileri ¢alisma olarak tasarlanmaktadir.

Mevcut haliyle beton, kalip ve kalip iskelesi metrajlar1 hesaplanabilmektedir. Fakat donati, duvar, siva, boya,
yer dosemesi, dograma ve cati metrajlart hesaplanmamaktadir. Mimari elemanlarin metrajim yiiksek
dogrulukta hesaplayabilmek i¢in ¢ok daha kapsamli bicimde komsuluklarin belirlenip ¢akisma analizinin
yapilmasi gereklidir. Belirtilen metraj kalemlerinin hesaplanabilmesi ileri ¢alisma olarak tasarlanmaktadir.

YBM yazilimlan yapisal elemanlara ¢ok gelismis diizeyde 6znitelik verilerinin tanimlanabilmesine olanak
vermektedir. Gelistirilmekte olan yazilimin mevcut durumunda fiyat bilgisi ve betonun mekanik 6zellikleri
tanmimlanabilmektedir. Oznitelik verisi olarak renk, tedarik¢i, kullanilan malzemelerin ozellikleri, iscilik
gereksinimleri, 151 gegirgenligi, garanti siiresi ve benzeri verilerin girilebilmesi, saklanabilmesi, silinebilmesi
ve degistirilebilmesi 6zelliklerinin kazandirilmasi tasarlanmaktadir.

Ince insaat islerinin metraji ve gorsellestirmelerinin yapilmasi, is programmin kritik yol ile olusturulmasi,
takvimli i programimin olusturulmasi, ingaat sirasinda giinliik harcanan malzeme ve yakit gibi kalemlerin
muhasebesinin tutulmasi ileri ¢aligma olarak yazilima eklenecektir. Belirtilen araglarin eklenmesi ile
gelistirilen yazilimin yetenekleri ve kullanim alanlari arttirilabilecek ve daha faydali olabilecektir.

Metraj hesaplanabilmesi i¢in gergeklestirilen komsuluk analizlerinde toplamda binin altinda sorgulama
yapilmistir. Gergeklestirilen her sorgulama islemi 2 adet tamsayinin esit olup olmadiginin karsilagtirmasindan
ibarettir. Bu islemin hesap yiikii giiniimiiz bilgisayarlariin hesaplama hizi dikkate alindiginda oldukg¢a
diisiiktiir. Fakat sorgu sayisi yaklasik olarak binanin aks sayisinin karesi ile ayni hizda artmaktadir. Bu
durumda Tiirkiye’de insa edilen standart bir apartman dikkate alindiginda on bin ile yiliz bin arasinda
karsilagtirma yapilarak tiim yapisal elemanlarin komsuluklari tespit edilebilecektir. Bu iglemin hesap yiikii ve
bellek gereksinimi vasat bir bilgisayarin kapasitesi dikkate alindiginda sorunsuz bigimde
gergeklestirilebilecegi goriilmektedir. Yazilimin eksik olan 6zelliklerin giderilmesi ile islevsel ve ticari degeri
olabilen yerli bir YBM yazilimi gelistirilmis olacaktir.

7. Sonug¢
7. Conclusion

Bu makalede ilk 6rnek YBM yazilimimin gelistirilebilmesi i¢in yapilan caligmalar 6zetlenmistir. Kaba insaatin
metraj hesaplamasinda kullanilan algoritma yiliksek dogrulukta kesisim noktalarini tespit etmektedir. Bu
sayede gelistirilen yazilim betonarme bir binanin beton, kalip ve kalip iskelesi metrajlarin1 Tablo 2’de yapilan
karsilagtirmada sunuldugu lizere mevcut yazilimlardan daha yiiksek dogrulukta yapabilmektedir. Ayrica
binanin kaba insaatinin 3 boyutlu goriintiisii olusturulup binanin i¢inde goriintiide donma ve takilma olmadan
sanal gezinti yapilabilmektedir.

Bu calismada gelistirilen yazilimin yeteneklerinin iyilestirilmesi i¢in ince is kalemlerinin de metrajinin yiiksek
dogrulukta hesaplanmasi ve 3 Boyutlu goriintiilerinin olusturulmasi tizerinde durulacaktir. Ayrica yazilima
daha fazla 6znitelik bilgilerinin tanimlanmasini, saklanmasini, sorgulanmasini ve islenmesini saglayacak
veritabaninin olusturulmasi, isgilik gereksinimlerinin hesaplanmasi, is programinin olusturulmasi ve stok
takibinin yapilmasi 6zelliklerinin eklenmesi de olumlu olacaktir.
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Oz

Bu calismada, biyomalzeme olarak kullanilan 316L paslanmaz ¢eligin korozyon direnci ve hidrofobik dzelliklerinin
iyilestirilmesi amaciyla TiN filmler katodik ark fiziksel buhar biriktirme (CAPVD) yontemi ile yiizeye kaplanmistir.
Kaplanmis numunelerin yiizey morfolojisi, yiizey bilesimi, korozyon direnci ve islanabilirligi karakterize edilmis ve
kaplamalarin karakterizasyonu XRD, SEM ve EDS ile yapilmigtir. Yapay viicut sivisi (SBF) ¢ozeltisinde yapilan
elektrokimyasal deneyler sonrasinda kaplama filminin korozyon direncini artirdigi goriilmistiir. Ayrica, islemsiz ve
kaplanmis numunelerin 1slanabilirlik ve serbest yiizey enerjisi 6zelliklerinin belirlenmesinde saf su, hekzadekan, etilen
glikol ve SBF ¢ozeltileri ile temas agilar1 dl¢limleri alinmistir. Yiizeylerin kaplama filmi sonrasinda hidrofobik ve
oleofobik dzellikleri elde edilmis olup, SBF ¢dzeltisi ile yapilan temas agis1 6l¢iim sonrasinda temas agis1 degeri 92°’den
119°°ye kadar artmistir. Islemsiz ve TiN kaplanmis paslanmaz celik numunelerin serbest yiizey enerjisi degerleri dlgiilen
temas agist degerlerine gore sirasiyla 26.7 mN/m ve 18.5 mN/m olarak hesaplanmustir.

Anahtar kelimeler: Islanabilirlik, Katodik ark fiziksel buhar biriktirme, Korozyon, SBF, TiN

Abstract

In this study, TiN films were coated on the surface by cathodic arc physical vapor deposition (CAPVD) method in order
to improve the corrosion resistance and hydrophobic properties of 316L stainless steel, which is used as a biomaterial.
The surface morphology, surface composition, corrosion resistance, and wettability of the coated samples were
characterized and the characterization of the coatings was done by XRD, SEM and EDS. After electrochemical
experiments in simulated body fluid ( SBF) solution, it was observed that the corrosion resistance of the coating film
increased. In addition, contact angle measurements were taken with distilled water, n-hexadecane, ethylene glycol, and
SBF solutions to determine the wettability and free surface energy properties of untreated and coated samples. The
hydrophobic and oleophobic properties of the surfaces were obtained after the coating film, and the contact angle value
increased from 92° to 119° after the contact angle measurement with the SBF solution. According to the measured contact
angle values, the surface free energy values of the untreated and TiN coated stainless steel samples were calculated as
26.7 mN/m and 18.5 mN/m, respectively, according to the measured contact angle values.

Keywords: Wettability, Cathodic arc physical vapor deposition, Corrosion, SBF, TiN
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1. Giris
1. Introduction

Kobalt-krom alagimi, titanyum ve alagimlarinin yani sira ostenitik paslanmaz celik (316L) gibi metalik
biyomalzemeler, miikkemmel mekanik o6zellikleri, yliksek korozyon direnci ve uygun biyouyumluluklar
nedeniyle implant malzemesi olarak biyomedikal uygulamalarda kullanilmaktadir (Yazici vd., 2018). AlSI
316L paslanmaz ¢elik malzemeler diger metalik biyomalzemelerle karsilastirildiginda diisiik korozyon
direncine ve biyouyumluluga sahiptir (\Wathanyu vd., 2020). Bu malzemeler 1slanabilirlik 6zellikleri agisindan
hidrofilik 6zellik gostermektedir (Al-Hamarneh vd.,2012; Mani vd.,2022; Dwivedi vd., 2021). Yiizeylerde
elde edilen statik su temas agis1 90°’den kiigiikse yiizeyler hidrofilik, biiyiikse yiizeyler hidrofobik 6zelliktedir
(Zhu vd., 2020). Genel olarak daha diigiik bir temas a¢is1 degeri ve daha yiiksek bir yiizey enerjisi degeri,
implantin daha az hidrofobik dogasi anlamina gelir. Bu da SBF ile ylizeyin temasi sonucu bu ¢6zeltinin aninda
yiizeyde emilmesine yol agar (Khalajabadi vd., 2015). Biyomalzeme olarak kullanilan paslanmaz ¢eliklerin
hidrofobikliginin elde edilebilmesi i¢in, yilizeylerin kimyasi ve piriizliligii en 6nemli faktorlerdir (Cerne
vd.,2008). Paslanmaz ¢eliklerin iyi korozyon direncinin nedeni, oksijen iceren ortamlarda pasif film veya pasif
tabaka olarak adlandirilan ¢ok ince, goriinmez bir yiizey filmi olusturmalaridir (Iversen & Leffler, 2010).
Korozif ortamlara uzun siire maruz kalinmasi durumunda, koruyucu pasif tabaka kararsiz hale gelir ve
kendiliginden bozulur, 6rnegin oksidasyona bagli metal paslanmasi belirginlesir ve buna agirlik kaybi da eslik
eder. Pasif tabaka hasar gordiikten sonra paslanmaz ¢eligin korozyon siireci hizlanarak korozif ortamin tipine
ve korozif saldirinin siiresine bagl olarak korozyonu devam eder (Pana vd., 2020; Zhang vd., 2014). AlSI
316L paslanmaz celikler korozyona dayanikli alasimlar olmasina ragmen, kimyasal olarak zorlu ortamlarda
bulunmalar1 durumunda korozyona maruz kalabilir (Xie vd., 2020, Ruiz vd., 2016). Korozif ortamlarda
kullanilan malzemelerin korozyon direncini artirmak amaciyla ylizey kaplama yontemleri kullanilmaktadir.
Kaplama yontemi ve malzemesinin uygun sekilde segilmesiyle, alt taban malzemesi bozulan ortamdan
korunabilir, hizmet omrii uzatilabilir ve buna bagl olarak es zamanli olarak {irtinlerin ticari degerleri de
ylikselebilecektir. Titanyum nitriir (TiN) kaplamalar, {istiin mekanik 6zellikleri ve korozyon direnci nedeniyle
en ¢ok tercih edilen kaplama malzemelerinden biridir (Chou vd., 2001; Khanchaiyaphum vd., 2016).

TiN kaplamalar kimyasal buhar biriktirme (CVD), fiziksel buhar biriktirme (PVD), plazma nitriirleme, lazer
destekli nitriirleme gibi ¢ok cesitli kaplama yontemleri kullanilarak elde edilebilir (Datta vd., 2018). Bu
teknikler arasinda fiziksel buhar biriktirme (PVD) teknikleri ile cogunlukla magnetron sigratma, katodik ark
ve darbeli lazer biriktirme teknikleri kullanilmaktadir (Santecchia vd., 2015). Katodik ark fiziksel buhar
biriktirme (CAPVD) yontemi aginmaya ve korozyona dayanikli sert metalik kaplamalarin iiretimi i¢in biiyilik
ilgi gormistir (Igbal vd., 1998). Katodik ark tekniginde, kaplama malzemeleri bir hedefin yiizeyinde ark
olusturarak asir1 iyonize buhar seklinde iiretilir ve iyonize pargaciklar, taban malzemesine bagli bir 6n gerilim
voltaji ile hizlandirilir. Yiiksek biriktirme orani, taban malzeme ile kaplama filmi arasindaki iistiin yapisma ve
elektrotlar arasindaki orta enerjili elektronlarin yiiksek yogunlugunun buharlasan tiirlerde ¢ok verimli
iyonlagmaya neden olmas1 katodik ark tekniginin baglica avantajlar1 olarak kabul edilir (Vengesa vd., 2021;
Shiravi vd., 2019). Literatiirdeki TiN filmlerin elektrokimyasal ve 1slanabilirlik 6zelliklerinin incelendigi
deneysel ¢aligmalarin bazilar1 s6yle 6zetlenmistir:

AISI 316L c¢elik numunelerin tribolojik 6zelliklerini iyilestirmek amaciyla dubleks yiizey islemi
uygulamislardir. Oncelikle segici lazer ergitme islemi ile titanyum tabakalar iiretilmis, daha sonra ise %50 No—
%50 H, gaz karisimi altinda 650 °C ve 750 °C sicakliklarda dort saat boyunca plazma nitriirleme islemi
uygulanarak dubleks yiizey islemi gergeklestirilmistir. Artan plazma nitriirleme sicaklig1 ve lazer giicii ile Ti
kapli ve plazma nitriirlenmig numunelerin aginma direncinin arttig1 sonucuna varilmistir (Yazici vd., 2018).

Ti6Al4V alagimi lizerine katodik ark teknigi kullanilarak olusturulan TiN kaplamalarin mekanik, korozyon, in
vitro tribolojik ve biyolojik 6zelliklerini deneysel olarak arastirmislardir. Bu ¢alismada, TiN kaph yiizeyler
islemsiz Ti6Al4V alasimi ile kiyaslandiginda sertligi yaklasik yedi kat daha yiiksek, in vitro aginma oraninin
ise dort kat daha az oldugu goriilmiistiir. Buna ek olarak, in vitro hiicre canliligi testleri TiN kapl yiizeylerin
biyolojik olarak uyumlu ve toksik olmadigi sonuglarini ortaya koymustur (Datta vd., 2018).

Ti esasli alasim implantlarin dmriinii uzatmak i¢in, CAPVD yontemini kullanarak Ti20Nb13Zr (TNZ) alagim1
iizerine TiN seramik kaplama uygulanmistir. Elde edilen kaplamanin yiizey sertligi, in vitro korozyon, asinma
hiz1 ve siirtiinme katsayist iizerine etkisini arastirmislardir. Hem SBF’de hem de yapay tiikiiriikte kaplanmis
alasim i¢in daha iyi korozyon direnci elde edildigi in vitro korozyon testleri ile belirlenmistir. Elde edilen
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deneysel sonuglar, TNZ alasimmin TiN ile kaplanmasinin biyomedikal kullanimlar i¢in umut verici bir
secenek olabilecegini gostermistir (Hussein vd., 2020).

Ark iyon kaplama yontemi ile 316L paslanmaz celik numunelere biriktirilen TiN filmler elde edilirken
uygulanan bias voltaji ve sicakliginin mekanik 6zellikler tizerine etkisini incelemislerdir. Taban malzemeye
uygulanan sicaklik 10 °C’ den 300 °C’ ye arttiginda, artik basing geriliminin 10.2 GPa’ dan 7.7 GPa’ a hizh
bir sekilde diistiiglinii ve bu sebeple sertlik degerinin 33.1 GPa’ dan 30.6 GPa degerine azaldigini1 gérmiislerdir
(Mei vd., 2018).

Titanyum dioksit (TiO.), titanyum oksit (TiOx) ve titanyum nitriir (TiN) gibi titanyum bazli filmleri korozyon
onleyici ozellikleri nedeniyle AISI 304, AISI 316 ve cam numuneler ilizerine kaplamiglardir. Kaplanmig
ylizeylerin 1slanabilirlik 6zelliklerine bakildigi zaman, titanyum bazli kapli AISI 316 paslanmaz celik
iizerindeki temas agis1 90°’ye kadar artirllmistir. Bu titanyum bazli filmlerde, diistik piiriizliiliikk, nanometrik
parcacik boyutu, homojen dagilimi ve yiiksek polikristallik nedeniyle yiiksek temas agisi degerleri elde
edilmistir (Estrada-Martinez vd., 2017).

Bu ¢alismada, ticari olarak piyasada bulunan CAPVD islemi ile kaplanmig 316L paslanmaz geligin TiN filmi
ile kaplanmasi durumunda 1slanabilirlik ve korozyon 6zellikleri deneysel olarak arastirilmigtir. Bu amagla,
numunelerin yapisal dzellikleri XRD, SEM ve mikrosertlik test cihazi ile incelenmistir. Islemsiz ve TiN kapl
316L paslanmaz c¢elik numunelerinin SBF’de korozyon davranisi, agik devre potansiyeli Olgiilerek
potansiyodinamik polarizasyon teknigi ile incelenmistir. Yiizeylerin islanabilirlik 6zellikleri ve serbest yiizey
enerjileri ise saf su, hekzadekan, etilen glikol ve SBF ¢ozeltileri kullanilarak yapilmistir. Literatiirde TiN kaplh
paslanmaz celiklerin korozyon ve islanabilirligi lizerine bir¢ok g¢alisma mevcut olmasina ragmen SBF
igerisinde elektrokimyasal ve 1slanabilirlik 6zelliklerinin arastirildigi galismalar kisithidir. Bu sebeple, bu
caligmanin literatiire katki saglayacag diistiniilmektedir.

2. Materyal ve metot
2. Material and method

316L paslanmaz ¢elik malzemeler 18 mm c¢apinda, Smm kalinliginda kesilerek hazirlanmigtir. 316L paslanmaz
celik malzemelerin yiizeyleri sirasiyla zimpara kagidi (80, 120, 400, 600, 800 ve 1200 SiC) kullanilarak
zimparalanmis ve ardindan aliimina tozu kullanilarak parlatilmistir. Kaplama islemi Oncesinde numune
ylizeyinde bulunabilecek kirliliklerin giderilmesi i¢in ortama Argon soygaz verilerek 30 dk boyunca ylizey
temizleme islemi gergeklestirilmistir. Kaplama islemi HAUZER marka cihaz ile CAPVD yontemiyle;
toplamda 12 adet hedef kullanilarak, hedef buharlastirma akimi 110 A, 4.0x10°2 mbar N kismi gaz basincinda,
-100 Volt Bias voltajinda, 120 dk siireyle 316L paslanmaz gelik pargalari iizerine kaplama iglemi yapilarak
gergeklestirilmigtir. Numune tutucusu kendi ekseni etrafinda 2 rpm hizda donmektedir.

Kaplamalarin faz incelemesi X-1s1m1 kirmnimi (XRD, Panalytical Empyrean) Cu-Ka radyasyonu kullanilarak
analiz edilmistir. Kaplama kalinligin1 ve yilizey morfolojisini belirlemek i¢in taramali elektron mikroskobu
(SEM-EDAX, Quanta FEG-450) kullanilmistir. Numune yiizeylerinin mikrosertlik dlgtimleri 100 gr yiik
altinda ve 10 sn siirede Vickers cinsinden 6l¢iilmiistiir. Numunelerin 1slanabilirlik 6zellikleri statik su ile SBF
temas agist Olglimleri, serbest yiizey enerjileri ii¢ farkli siv1 kullanilarak Attension Theta Lite tensiyometre
cihazi kullanilarak ol¢iilmiistiir. Temas agilar1 sessile drop teknigi kullanilarak 5 pl damla hacmi ile
Olciilmiistiir. Numunelerin her biri i¢in farkli noktalardan 3’er 6l¢lim alinip bunlarin ortalamalar1 alinmistir.
Numunelerin yiizey enerjileri OWRK/Fowkes Metodu kullanilarak; saf su, hekzadekan ve etilen glikol
¢oziiciileri ile yapilmistir. Elektrokimyasal deneyler 37 °C’de pH 7.4 degeri elde edilerek laboratuvar
sartlarinda SBF hazirlanmis ve igerigi Tablo 1’de verilmistir. Elektrokimyasal testler igcin GAMRY-
Potansiyostat/Galvanostat/ZRA cihazi kullanilmistir. Acik devre potansiyel (OCP) ve potansiyodinamik
polarizasyon dl¢iimleri alinarak elektrokimyasal korozyon degerleri hesaplanmistir. Elektrokimyasal korozyon
testler ti¢ elektrotlu bir hiicrede gergeklestirilmistir (numune: ¢alisma elektrodu, Ag/AgCl: referans elektrot ve
kars1 elektrot: grafit).
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Tablo 1. pH 7.25, 1L i¢in SBF’nin igerigi (Kokubo vd., 1991)
Table 1. Content of SBF for pH 7.25, 1L (Kokubo et al., 1991)

Sira Reaktif Miktar
1 NaCl 7.996 (gr)
2 NaHCOs 0.350 (gr)
3 KCI 0.224 (gr)
4 K>HPO,.3H,0 0.228 (gr)
5 MgCl2.6H.0 0.305 (gr)
6 1 kmol/m3 HCI 40 cm?®
7 CaCl; 0.278 (gr)
8 Na,SO4 0.071 (gr)
9 (CH20H)3CNH> 6.057 (gr)
10 1 kmol/m* HCI pH 7.4 igin yeteri kadar
3. Bulgular
3. Results

Islemsiz ve TiN kapli numunelerin mikro yapist XRD analizi ile incelenmis ve sonuglar Sekil 1°de
gosterilmistir. XRD grafigine gore islemsiz 316L paslanmaz ¢elikte yapinin tamamen ostenit fazindan (Fe-y)
olustugu goriilmiistiir. TiN kapli numunelerde ise TiN (111), TiN (220) ve TiN (311) fazlarindan meydana
gelmistir. Katodik ark biriktirme ile yiizeylere olusturulan TiN filminin elementel kompozisyonunu
tanimlamak icin enerji dagilimli X-isinlar1 (EDS) analizi yapilmistir. TiN biiyiitiilmiis yiizeylerde olusan
filmde olugmasi beklenen Ti ve N’un kaplama tabakasinda olustugu EDS sonuglarinda goriilmektedir.
Sonuglar incelendiginde TiN film kapli yiizeylerde EDS analizi sonucu olusan kaplama bilesenlerinin atomik
agirliklar; titanyum (%55.21) ve azot (% 44.79) elementinin oldugu tespit edilmistir.

80000 Fe-¥ (111)

70000 [—TiN kaph 316L |

60000
50000 Fe-Y (200)
pra—y
% 40000
= TN (111)
W 30000 A N TE’(Lzzu] TiN (311)

20000

Fe-¥ (200) —lslemsiz 316L
10000 k

Fe-Y(220)

10 20 30 40 50 60 70 80

20 (°)

Sekil 1.islemsiz ve TiN kapli 316L paslanmaz celik numunelerin XRD grafigi
Figure 1. XRD graphic of untreated and TiN coated 316L stainless steel samples

Sekil 2. TiN filmin yiizey (a) ve kesit (b) SEM goriintiileri
Figure 2. Surface (a) and cross-section (b) SEM images of TiN film
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TiN kaplamanin yiizey ve kesit SEM goriintiileri sirastyla Sekil 2 (a) ve Sekil 2 (b)’de verilmistir. TiN kaplama
sonrast yaklasik 1 pm’lik filmin kalinlig1 Sekil 2 (b)’de goriilmektedir. Kesit goriintiisiinde goriildiigii tizere
elde edilen TiN filmi olduk¢a yogun ve kolonsal yapida olup, literatiirdeki mevcut ¢alismalarla benzerlik
gostermektedir (Hussein vd., 2020).

Kaplamanin stitunlu morfolojisi esas olarak numunenin ylizey piiriizliiliigi, kristal tanelerin tercihli biiyiimesi
ve yogunlasan atomlarin yilizey hareketliligi ile belirlenir. Yiiksek gelen enerji ile iyon bombardimam
tarafindan indiiklenen atomlarin yiiksek hareketliliginin, ylizey bosluklarin1 degistirdigi ve yapidaki kolonlar
arasinda yayildig1 diisiiniilmektedir. Bununla birlikte, mikro yap1 kaplama kalinligi boyunca homojendir.
Kaplama sonrasi filmin mikro sertlik analiz sonucunda yiizey sertliginin islemsiz numuneye gore dort kat
arttigir Tablo 2’de goriilmektedir ve bu durum katodik ark biriktirme isleminden sonra 3161 paslanmaz gelik
ylizeyinde olusan TiN fazindan kaynaklanmaktadir.

Tablo 2. Islemsiz ve TiN film kapli 316L paslanmaz geligin yiizey sertligi, tabaka kalinhigi ve yiizey
plriizliligi

Table 2. Surface hardness, layer thickness and surface roughness of untreated and TiN film coated 316L
stainless steel

islem Yiizey sertligi Tabaka kalinhg Ortalama yiizey piiriizliligii
(HVo,) (nm) (nm)

TiN/316L 850 - 900 1 0.30-0.33

Untreated 270 - 300 - 0.07-0.10

3.1. In-vitro korozyon testi sonuclari
3.1. In-vitro corrosion test results

Islemsiz ve kaplanmis numunenin potansiyodinamik polarizasyon egrileri Sekil 3’te gosterilmistir. Korozyon
akim yogunluklar1 (Icorr), Korozyon potansiyelleri (Ecorr), anodik tafel egimi (Ba) ve katodik tafel egimi (Bc)
polarizasyon egrilerinden alinmis ve polarizasyon direnci (Rp) Stern—Geary denklemi (denklem 1) ile
hesaplanmustir (Stern & Geary, 1957). Numunelerin Ba, Bc, Ecorr, lcor Ve Rp degerleri Tablo 3°te listelenmistir.

—_ BaxBe
Rp T 23 Xlcorr(Ba+Bc) (1)

Egriler incelendiginde, katodik ark biriktirme ile yapilan kaplama sonrasi elde edilen TiN filminin
polarizasyon sonrasi pasiflestigi buna karsin sadece kaplanmamis numunelerin hizli bir sekilde anodik bolgede
korozyona ugradiklan Sekil 3’te goriilmektedir. Bunun baslica sebebi, islemsiz numunelerin yaklasik 0.3 V’a
kadar SBF igerisinde ylizeylerinde olusan pasif oksit tabakasidir. Yaklasik 0.3 V’tan sonra 316L paslanmaz
celik numunelerin yiizeyde olugan pasif filmin etkisinin yok olmasidir. Ancak numune yiizeyinde olusan TiN
filmin korozyona kars1 bir bariyer gorevi goriip, elektrokimyasal olarak korozyona karsi direnci artirdigi agik
bir sekilde goriilmektedir. Kaplamasiz numuneler igin Ecor degerleri —420 mV olarak 6l¢iilmesine ragmen,
TiN kapl ylizeylerde korozyon potansiyeli -85 mV olarak 6l¢iilmiistiir. Ecorr’un pozitif kaymasi, TiN kaph
numunelerin korozyon direncindeki iyilesmeyi agikga gostermistir. Kaplamasiz 316L paslanmaz ¢eligin
korozyon akim yogunlugu 5.95 uA/cm?, TiN kapli paslanmaz geligin korozyon akim yogunlugu ise 1.70
uA/cm? olarak dlgiilmiistiir. Bu sonuglara gore, TiN filmi malzemeye korozif ortamin ulasilabilirligini azaltmis
ve bu durumda elektrokimyasal korozyon islem siirecinde yavaglama meydana getirmistir.

Tablo 3. Islemsiz 316L ve TiN/316L malzemelerine ait korozyon test sonuglari
Table 3. Corrosion test results for untreated 316L and TiN/316L materials

Malzeme Ecorr leorr Ba Be Rp Korozyon Miktari
(mV) (nA/em?)  (mV/dec) (mV/dec) (k2 cm?) (mpy)

Islemsiz 316L -420 5.95 220.9 70.7 3.9136 8.31

TiN/316L -85 1.70 216 237 28.9019 2.56
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Sekil 3. islemsiz 316L ve TiN/316L malzemelerinin potansiyodinamik polarizasyon egrileri
Figure 3. Potentiodynamic polarization curves of untreated 316L and TiN/316L materials

3.2. Temas acisi ol¢iimleri
3.2. Contact angle measurements

Su ile 1slanabilirlik deneyleri sonrasi islemsiz AIST 316L nin temas agis1 degeri 69°°dir (Sekil 4a). TiN filmine
ait temas agis1 95°’ye kadar 6nemli dl¢iide artmistir, bu da kaplama sonrasi yiizeyin hidrofilik davranigtan
hidrofobik davramisa doniistligiinii gostermektedir (Sekil 4e). Bu durum TiN kaph yiizeylerde artan yiizey
plriizliliik ve azalan yiizey serbest enerjisi ile saglanmigstir.

TiN kapli yiizeylere birakilan su ve yag damlalar ile yiizeylere hidrofobik ve oleofobik 6zelliklerinin
kazandirildigi Tablo 4 ve Sekil 4°te agikga goriilmektedir. TiN kapli paslanmaz ¢elik numunelerin statik temas
acilar1 dl¢iilmiis olup; saf su ile 69°’den 95°’ye, etilen glikol ¢ozeltisi ile 77°°den 108°’ye, SBF ¢ozeltisi ile
92°°den 119°’ye, hekzadekan ¢ozeltisi ile 25°°den 38°’ye arttign goriilmiistiir. Islemsiz ve TiN kaph
numunelerin temas agisi arasindaki farki agiklamak icin yiizey piriizliiligi degerleri olgiilmiistiir. Cilinkii
ylizey piiriizliiliigiiniin temas acisin1 etkiledigi bilinmektedir. Islemsiz ve TiN kapli numuneler i¢in yiizeylerin
ortalama piirtizliiliik degerleri sirasiyla yaklasik olarak 0.08 um ve 0.32 pm olarak bulunmustur (Tablo 2).

Elde edilen filmin yiizey enerjisini hesaplamak i¢in numuneler polar (su) ve polar olmayan (hekzadekan)
cozeltiler ile test edilmistir. Ayrica yiizeyin oleofilik/oleofobik 6zelligini belirlemek icin etilen glikol ve
ylizeyin biyomalzeme olarak 1slanabilirligini hesaplamak igin 37° C sicaklikta SBF kullanilmigtir. TiN kaph
paslanmaz celik numune yiizeyine birakilan su ve yag damlalar yiizeyde yayilmak yerine kiiresel bir sekilde
durma egilimi gdstermistir (Sekil 4e ve Sekil 4f). Etilen glikol ile yapilan temas agis1 dl¢limlerine gore islemsiz
numune ylizeyi 77°’1lik temas agist ile oleofilik 6zellik gosterir. TiN kaplama sonrasi paslanmaz ¢elik numune
ylizeyinde ise 108°’lik etilen glikol temas agis1 sonucu ile yiizeyin oleofobik davranisa gectigi Sekil 4f’de
tespit edilmistir. Hidrofobik ve oleofobik o6zelligi elde edilen kapl yiizeylerde yiizeye gelen kirlilikler
ylizeyden kolayca uzaklasabilir ve kendi kendini temizleme 6zelligi istenen ylizeylerde bu tiir kaplamalar
kullanilmaktadir (Zhang vd., 2013).

Kat1 yiizeylerin serbest enerjisi OWRK/Fowkes esitligi (denklem 2) kullanilarak soyle hesaplanmigtir
(Hussein vd., 2020):

s (1 + cos®) = 2 [(ysPyk?)5 + (ysiykd)?] @)

OWRK/Fowkes metoduyla belirlenen yiizey enerjisi degerleri, islemsiz paslanmaz ¢elik numunede 26.7
mN/m, TiN kaplama sonrasi paslanmaz ¢elik numunede 18.5 mN/m olarak 6l¢iilmiistiir. En yiiksek temas
acisinin elde edildigi TiN kapli numunenin en diisiik yiizey enerjisine sahip oldugu Tablo 4’te goriillmektedir.

Tablo 4. Islemsiz ve TiN kapli AISI 316L paslanmaz ¢elik numunelerin saf su, etilen glikol, SBF ve
hekzadekan ile 6l¢iilen temas agis1 ve yiizey enerji degerleri

111



Aslan Cakir 2023 / Cilt:13 « Sayi:1 « Sayfa 106-115

Table 4. The contact angle and surface energy values of untreated and TiN coated AISI 316L stainless steel
samples measured with distilled water, ethylene glycol, SBF and hexadecane

Su Etilen Glikol CA SBF Hekzadekan Y(mN/m)
CA (%) (°) CA (°) CA (") 20°C
Malzeme ] o 1) ) yP ye 14
islemsiz 316L 69 77 92 25 20.6 6.15 26.7
TiN/316L 95 108 119 38 11.3 8.2 18.5
Saf Su Etilen Glikol SBF Hekzadekan
Islemsiz () (b) (©) (d)
316L 69 ° 77° 92° 25°
TiN/316L  (e) 95 ® 108 ° (® 119° (h) 150

_‘_._._;

Sekil 4. Islemsiz 316L (a, b, ¢, d) ve TiN/316L paslanmaz ¢elik numunelerin (e, f, g, h) saf su, etilen
glikol, SBF ve hekzadekan ¢ozeltileri ile temas agis1 goriintiileri

Figure 4. The contact angle images of untreated 316L (a, b, ¢, d) and TiN/316L stainless steel
samples (e, f, g, h) with distilled water, ethylene glycol, SBF and hexadecane solutions

4. Tartisma ve sonuclar
4. Discussion and conclusions

Bu calismada, biyomalzeme olarak kullanilan 316L paslanmaz ¢elik {izerine CAPVD yontemi ile kaplanmis
TiN filminin mikroyapisal, mikrosertlik, 1slanabilirlik ve elektrokimyasal davraniglar1 incelenmistir. Elde
edilen sonuglar asagida 6zetlenmistir:

e 316L paslanmaz celik iizerine biriktirilen TiN filminin elementel analizi sonucunda olusan kaplama
bilesenlerinin atomik agirliklar1 titanyum ve azot i¢in sirastyla %55.21 ve %44.79 olarak
Olclilmiistiir.

e TiN ile kaplanan numunelerin kaplama kalinliklarinin yaklasik 1 um, ortalama yiizey piiriizliligi
0.32 um, tane yapilarinin kesit boyunca oldukga yogun ve kolonsal yapida olduklar1 goriilmiistiir.

e Laboratuvar sartlarinda iiretilen SBF icinde yapilan OCP ve potansiyodinamik polarizasyon testi
sonucuna gore numune ylizeyinde biriktirilen TiN film korozyona karsi bir bariyer gérevi goriip,
elektrokimyasal olarak korozyona kars1 direnci artirdigi sonucuna varilmistir.

e Elde edilen elektrokimyasal korozyon deneyler sonrasi, islemsiz numuneler i¢in Ecorr degeri —420
mV ve TiN kapl yiizeylerde bu deger -85 mV’dur. Kaplamasiz 316L paslanmaz ¢eligin Icorr degeri
5.95 uA/cm? olup, TiN kaplama sonrasi paslanmaz celigin Ieor degeri ise 1.70 pA/cm? olarak
bulunmustur.

o Islanabilirlik testi sonucunda su statik temas ag¢is1 degeri islemsiz 316L paslanmaz ¢elik numunenin
69°, TiN film kapli paslanmaz ¢elik numuneye ait temas agisi degeri 95° olarak dlgiilmiistiir. Bu
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sonuca gore kaplama sonrasi paslanmaz ¢elik numune yiizeyi hidrofilik 6zellikten hidrofobik
ozellige gecmistir.

e TiN film kapl paslanmaz ¢elik numunelerin ortalama statik temas ac1 degeri saf su ile 95°, etilen
glikol ¢ozeltisi ile 108°, SBF ¢ozeltisi ile 119° ve hekzadekan ¢ozeltisi ile 38° olarak hesaplanmugtir.
Etilen glikol ¢ozeltisi ile yapilan temas agis1 6l¢tim sonucuna gore TiN kaplama sonrasi yiizey
oleofiliklikten, oleofobik 6zellige gectigi belirlenmistir.

e Serbest yiizey enerjisi 6l¢iimleri OWRK/Fowkes metoduyla belirlenmis olup, islemsiz paslanmaz
¢elik numuneden 26.7 mN/m, TiN kaplama sonrasi paslanmaz ¢elik numuneden ise 18.5 mN/m
olarak ol¢tilmiistiir.
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Abstract

TiO; is used in many sectors of industry such as health, food, defense, and energy. It is a well-known fact that TiO2 is
especially used in applications in the field of organic hybrid solar cells (OHSC) as an electron transfer layer in the energy
sector. However, the OHSCs have a degradation problem because of atmospheric stress factors such as laboratory
atmosphere, prolonged light application (light soaking), and UV light. To understand the meta/instability problem in
OHSC, itis required to be examined independently for each layer consisting of the solar cell. In this study, the TiO: layer,
widely used in OHSC applications, was grown on a rough glass substrate using a spin coating method. TiO- layer was
structurally and electrically characterized by XRD and photoconductivity methods respectively. TiO, layer was
characterized by exposure step by step to stress factors that are stated to cause electronic meta/instability in organic hybrid
solar cells. Mobility-lifetime products were calculated from the flux-dependent photoconductivity and correlated with the
electronic defects in the material due to stress factors. The findings in experiments show the laboratory atmosphere creates
surface-related defects that can be eliminated by annealing. Light soaking, UV aging, and oxygen aging also create
electronic defects associated with bandgap energy positions. These defects are partially eliminated with an annealing
application.

Keywords: Electronic degradation, Mobility-lifetime product, Photoconductivity, Spin coating, Stress factors, Titanium
dioxide.

(04

TiOz saglik, gida, savunma ve enerji gibi bircok sanayi sektériinde kullanmilmaktadur. Ozellikle organik hibrit giines pilleri
(OHGP) alamindaki uygulamalarda elektron transfer katmami olarak kullanildigi bilinmektedir. Ancak OHGP,
laboratuvar atmosferi, isikta banyosu ve UV 15181 gibi dis stres faktorleri nedeniyle bozulma sorununa sahiptir. OHGP'de
kismi-kararsizlik/kararsiziik sorununun anlagsilabilmesi icin hiicreyi olusturan her tabaka i¢in ayrt ayri incelenmesi
gerekmektedir. Bu ¢alismada, OHGP uygulamalarinda yaygin olarak kullanilan TiO; tabakast piiriizlii cam taban
malzeme tizerine Spin kaplama yontemi ile biiyiitiilmiistiiv. TiO> tabakasi, swrasiyla XRD ve fotoiletkenlik yontemi ile
yapisal ve elektriksel olarak karakterize edilmistir. TiO> tabakasi, organik hibrit giines pillerinde elektronik kismi-
kararsizlik/kararsizlik neden oldugu belirtilen stres faktorlerine birer birer maruz birakilarak karakterize edilmistir.
Mobilite-yasam siiresi ¢arpimi, 151k akisina bagl fotoiletkenlikten hesaplanmis ve stres faktiorlerinden dolayt
malzemedeki elektronik kusurlarla iliskilendirilmistir. Deneylerdeki bulgular, laboratuvar atmosferinin, tavlama ile
ortadan kalkabilen yiizeyle ilgili kusurlar olusturdugunu gostermektedir. Isik banyosu, UV yaslanmasi ve oksijen
yaslanmast da bant araligi enerji konumlariyla baglantili elektronik kusurlar yaratmaktadir. Taviama uygulamast ile bu
kusurlar kismen ortadan kalkmaktadr.

Anahtar kelimeler: Elektronik bozunma, Mobilite-yasam siiresi carpimi, Fotoiletkenlik, Spin kaplama, Stres faktorleri,
Titanyum dioksit.
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1. Introduction

Perovskite solar cells (PSC), as a member of the organic hybrid solar cells family, especially methylammonium
lead iodide (MAPDI3) attract the attention of scientists with their high-efficiency characteristics among the
solar cell family (Bhandarkar et al., 2021). However, it is known that there is remarkable degradation in the
efficiency value of perovskite solar cells after a certain time following their production (Shaikh et al., 2017).
This degradation in efficiency values is named as instability or metastability (Kim et al., 2012; Lee et al.,
2012). There are various reasons for this efficiency degradation in perovskite solar cells (Green et al., 2014).
A few of these can be defined as layer degradation, interface interactions, and ongoing chemical reactions due
to solution-based production of the layers that make up the solar cell. (Prathvi et al., 2021; Zhou et al., 2014).
In the literature, environmental stress factors such as water vapor, UV light, oxygen, and light soaking are
defined as the most prominent stress factors (Leijtens et al., 2013). To understand this instability in perovskite
solar cells, each layer of the solar cell must be produced independently and the degradation of the layers by
exposure to different stress factors one by one must be understood (Christians et al., 2015).

The first layer of perovskite solar cells is the electron transfer layer (ETL). In the literature, there are many
ETL candidates for perovskite solar cells. Electron transport layers should have some specifications such as
(i) ETLs should have high transparency, (ii))ETLs should have well-matched energy alignment with the
absorber layer, and (iii)ETLs should have high electron mobility (Akin et al., 2020; Shalan et al., 2020; Zaki
et al., 2020). Depending on these parameters the most promising candidates are TiO2, SnO2, ZnO, Zn,2Sn04,
and WO3 as ETLs. Among them, the preferred ETLs are TiO,, ZnO, and SnO2. Among these candidates,
TiO2 is the most used ETLs in PSC, especially in the most highly- efficient PSC including the current -record
holder. However, each candidate has advantages and disadvantages. For example, ZnO creates a degradation
of perovskite solar cells. Methylammonium cations in the perovskite film of solar cells are destroyed by ZnO.
(Cao et al., 2018; Aslan et al., 2016; Azmi et al., 2018; Goktas et al., 2019; Song et al., 2016a, b; Tumbul et
al., 2019). In the same way, SnO2 thin-film production needed high-temperature processes which also ruin the
perovskite structure. On the other hand, the unit price of SnO2 is much more than TiO2. For example, 100g
(%99) Ti0O2 is 407€ and 5g (%99) SnO2 is 241€. This situation indicates that the industrial application of
Sn02 is not commercially available. It is clearly understood that the most preferred ETL is TiO2 for efficiency
and price. In addition to all, Titanium dioxide (TiO2) has many interesting physical properties such as good
transmittance in the visible region, high refractive index, high dielectric constant, and chemical stability which
make TiO2 thin films suitable for in microelectronic devices, capacitors, or as a gate dielectric in metal-
dielectric-semiconductor devices (Yoldas et al., 1979; Yoldas 1982; Fuyuki et al., 1986; Bertrand et al., 1983).
There are several techniques have been used to prepare TiO2 thin films, such as sputtering (Schiller et al.,
1981; Suhail et al., 1992; Okimura et al., 1996), chemical vapor deposition (CVD) (Yeung et al., 1983 ; Lu et
al., 1991), thermal oxidation (Burns, 1989), pyrolysis (Rice, 1987; Zhang et al. 1992) and sol-gel ( Yoko et al.,
1991; Vorotilov et al., 1992; Nagpal et al.,1995).

In this study, the TiO; layer used in the organic hybrid solar cell was grown on a rough glass substrate with
the spin coating method and exposed to stress factors (laboratory atmosphere, light soaking, UV aging, and
high-purity oxygen gas). Structural characterizations were done with XRD, SEM, and EDS. Electrical
characterizations such as photoconductivity were done to understand the changes in the material by
atmospheric effect.

2. Material and method

TiO, materials were grown with a solution process by spin coating. 5 ml ethanol solution was prepared with
1.4 grams of titanium isopropoxide (Sigma Aldrich %99.7). Since titanium isopropoxide is a volatile
substance, ethanol was poured directly onto titanium isopropoxide in an ice bath. The resulting solution was
coated with a spin coating system rotating at 1300 rpm by dropping 5 ml onto the substrate material. The
coated films were left to dry on the heating surface at 80 °C for half an hour to remove the volatiles from the
TiO: film. After the production of TiO film, the post-annealing procedure was applied at 500°C. To control
structural features of TiO2, XRD, and SEM, EDS measurements were done. XRD measurements were done
by Bruker AXS D8 advanced measuring system and a Cu tube was used for the X-ray source. Measurements
were carried out in the 2 theta range from 10 to 80 degrees and are shown in figure 1. Scanning Electron
Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS) measurements were done by FEI Quanta FEG
250, under low vacuum (60 Pa) and High Voltage 20.00kV with 20.000 magnification. Silver metal contacts
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were grown on the TiO2 films with the thermal evaporation method for conductivity measurements. The
coplanar contact geometry was applied to the TiO- films, with a thickness of 5.0x10° m, contact lengths of
5.0x10* m, and contact distance between contacts of 5.0x10* m.

To explain a measurement procedure, one full cycle of measurement was tried to be summarized below. TiO;
thin film was placed in the cryostat in the laboratory atmosphere and the Ohmic voltage was determined by |-
V measurement. By applying the determined Ohmic voltage, time-dependent dark conductivity values were
started to be recorded in the cryostat in the dark environment. When the dark conductivity values became
stable, a photoconductivity measurement was carried out depending on the flux. Then, the system was placed
under a vacuum and when the dark conductivity values became stable, the photoconductivity values were taken
again in the vacuum atmosphere depending on the flux. After that, the material was heated up to 450K with a
temperature increase of 2K per minute without disturbing the vacuum environment, and after being exposed
to heat treatment at 450K for 30 minutes, it was cooled to 300K by a 2K ramp. While the dark conductivity
values were stable at 300K in the vacuum environment, the photoconductivity measurement was carried out
depending on the flux in the annealed-1 state of the material. These steps were repeated in each stress factor
(laboratory atmosphere, light soaking, UV aging, and oxygen aging). After each stress factor application, the
photoconductivity values of the material were measured depending on the flux in conditions where the material
was stable. Depending on the flux that is applied, the generation rate was calculated (Yilmaz, 2021). In addition
to this, by using photoconductivity values that are obtained, the mobility-lifetime of the material was calculated
(Yilmaz, 2021). By using these two calculated data, the graphs of the mobility-life time vs. generation rate of
the TiO, material were drawn and interpretations could be made about the electronic defect changes in the
material from the behavior of these graphs. These graphs have given the chance of understanding defect density
and defect types variance depending on previous conditions.

3. Results

500C°
60 minu

E— IH —
TiO, ﬁ Annealed TiO,

Incubator
Figure 1. TiO- thin film post-annealing procedure

As seen in figure 2; XRD data shows that after post-annealing on TiO- film was established by anatase phase
and this situation is seen consistent with the previous data in the literature. In addition, XRD peaks were
indexed from the “Joint Committee on Powder Diffraction Standards (JCPDS)” database with the card number
00-004-0477 (Jalali et al., 2020; Sunetal., 2015). Detailed structural analysis (SEM and EDS measurements)
were also carried out on TiO; thin films. In figure 3 SEM images and EDS results of post-annealed and as-
deposited TiO were displayed.

As clearly seen from figure 3a, after post-annealing TiO; film structure gets much more porous than the as-
grown structure in figure 3b. Post annealing create porosity and increase the inner surface area of TiO; thin
films. This result match with the previous data in the literature (Kim et al., 2007; Haidry et al., 2012; Wang et
al., 2015). In addition that, the EDS results in figure 3c, show that there are only titanium and oxygen elements
consisting of a thin film structure.

118



Tas¢ioglu and Yilmaz. 2023 / Volume:13 ¢ Issue:1 » Page 116-126

Intensity (a.u.)

10 20 0 40 50 &0 70 80
2 & (degree)

Figure 2. XRD analysis of TiO- thin film
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Figure 3. SEM and EDS analysis of TiO; thin film (a) post annealed TiO, thin film with 20.000 magnification
SEM image, (b) as-deposited TiO; thin film with 20.000 magnification SEM image, (c) post annealed TiO>
thin film EDS results.

Figure 4a shows the photoconductivity values obtained after laboratory atmosphere, vacuum atmosphere, and
annealed-1 state. As can be seen in figure 4a, the photoconductivity values obtained in the laboratory
atmosphere and the vacuum atmosphere overlaps. However, with annealed-1, a significant decrease
(approximately 7-times decrease) was observed in photoconductivity values, especially in the medium and

119



Tas¢ioglu and Yilmaz. 2023 / Volume:13 ¢ Issue:1 » Page 116-126

high flux (10'® — 10 cms?t) region. The main reason for the decrease in photoconductivity values after heat
treatment, may be due to the atmospheric gas molecules that could be attached to the surface of the thin film.
The gas molecules attached to the surface may have been removed from the surface with the effect of vacuum
and heat treatment. As a result, a change in the photoconductivity values of the material may have taken place.

In figure 4b, the photoconductivity values of the material after annealed-1 and after annealed -2 stages, were
compared after 30 minutes of exposure to five sun intensities of light (5x A.M.1.5). In figure 4b, it is seen that
there is a 1.5 times decrease in photoconductivity values due to the light soaking applied to the material after
the annealed-1 application. In addition, an increase in the slope of the photoconductivity values is observed
after the light soaking in the high flux region. In literature, the same degradation was also observed in
perovskite solar cell structure (Chong et al., 2020). This may be due to an increase in the electronic defect
states of the material after the light soaking. This increase in electronic defect state changes directly affects the
photoconductivity values. It was determined that the behavior or type change of the electronic defect,
especially in the high flux (107 cm s) region, increased photoconductivity values in figure 4b. After the
second heat treatment was carried out, the photoconductivity values exceeded the annealed-1 values and
exhibited an increase of approximately two times compared to the values in the light soaking.
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Figure 4. TiO; thin film flux dependent photoconductivity results; (a) air aged state
and annealed state-1 (b) light-soaked state and annealed states 1-2

When the UV aging literature studies are examined on TiO2, it is seen that TiO2 material is generally used as
a coating that prevents UV aging (Zang et al., 2017; Sun et al., 2011). On the other hand, any information
about the electronic degradation of TiO2 itself due to UV aging was not realized. In figure 5a, 30 minutes of
UV light was applied to the material and the photoconductivity values were recorded after UV aging. As can
be seen in figure 5a, the photoconductivity values also decreased below the photoconductivity values in the
light soaking. In addition, the slope change seen in figure 4b, at high flux values, began to be seen at medium
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flux (10 — 10% cm?2 st) intensities. Although similar behavior was observed after light soaking, it was
determined that this behavior was much more significant after UV aging. At the same time, the slope change
which was observed at the high flux (10" cm s) region after the light soaking, starts from the medium flux
(10% cm s) region at this time. However, these slope changes disappear with the annealed-3 application and
the photoconductivity values approach the annealed-2 values.
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Figure 5. TiO; thin film flux dependent photoconductivity results (a) UV aged state
and annealed states 2-3 (b) oxygen aged state and annealed states 3-4.

In figure 5b, the photoconductivity change, obtained in a vacuum atmosphere after the application of high-
purity oxygen gas to the system, is presented. In the literature, any information about aging TiO2 by exposure
to oxygen gas after production could not be reached. However, it has been reported that, oxygen gas is sent to
the system during TiO2 production. Thus, this application enlarges the grain structures during the production
and accordingly causes an increase in the conductivity (Duran et al., 2019). In figure 5b, photoconductivity
values decreased sharply after oxygen gas application. This reduction is approximately seven times greater
while compared to the annealed-3 condition. Although it contains a high percentage of oxygen in the TiO; film
structure, it is very interesting to see the decrease in photoconductivity values with the application of oxygen
gas. There may be three main reasons for this situation. The first reason could be the fact that, oxygen is
physically attached to the surface and changed conductivity. The second is that, the oxygen makes bonds with
the open structures (dangling bonds) on the surface, and the third is that it occurs together in both cases
described above. Although the photoconductivity values increased approximately five times with the stage
annealed-4, conductivity values could not reach the annealed-3 state. This situation displays that, the oxygen
application creates a partially reversible effect on TiO- film.
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In figure 6, after applying each different stress factor to the TiO, film, the graph of generation rate versus the
mobility-lifetime product is presented. Mobility-lifetime calculation and generation rate calculation can be
found in detail in previous studies (Yilmaz, 2021). As can be seen in figure 6a, the light soaking application
was applied to the material after the annealed-1 state and it was determined that there was two-times decrease
in the mobility-lifetime products. This display that, the light soaking increases the electronic defect density in
the bandgap of the material. Thus, mobility-lifetime product decreases significantly. This increase in the
electronic defect density completely disappears with the second annealing application and even it exceeded
the values obtained in the annealed-1 state. In this case, it can be said, the electronic defects, consisting of the
material after the light soaking with the second annealing application, are eliminated and the electronic defect
type and density of the material change.
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Figure 6. TiO; thin film mobility-lifetime dependent generation rates; (a) light-
soaked state and annealed states 1-2 (b) UV aged state and annealed states 2-3 (c)
oxygen aged state and annealed state 3-4

In figure 6b, UV aging was performed after the second annealing application of the material, and it was
observed that there was two-times decrease in the mobility lifetime products. In addition, it was determined
that the mobility-lifetime slope also changed in the region of a high generation rate (10t cm=s). This shows
that different types of electronic defects could be occurred in the regions close to the conduction band due to
UV aging. After the third annealing, the mobility-lifetime product values reach the values obtained in the
annealed-2 state. This situation shows us that the electronic defect types created in the material by UV aging
are completely reversible with heat treatment.

In figure 6c, the values obtained as a result of the mobility-lifetime product after high purity oxygen gas, is
applied to the material is displayed. Mobility-lifetime values of the material with the oxygen gas application
show a sharp decrease of approximately four times in the region of low generation rate (108 cm=s). At high
generation rates, this rate drops to 1.5 times. The fourth annealing values show that, mobility-lifetime product
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values partially approximately reach the annealed-3 state results. This shows that oxygen gas significantly
changes the electronic defect density of the material, and it creates a partially reversible effect on the material.

4, Conclusions

In this study, TiO; thin film, that is frequently used in organic solar cells as an electron transfer layer, was
produced with the spin coating method, and electronic defect changes with the application of a single stress
factor were examined in detail by the photoconductivity method. In light of findings, it was determined that
the light soaking caused a significant increase in the electronic defect density of the TiO, material, but this
increase was eliminated with the annealing procedure. Similarly, UV light creates an apparent electronic defect
increase in TiO- film. It was also determined that there were changes in the electronic defect types at the high
generation rate region because of UV aging. However, these changes in defect density and types are eliminated
by annealing. It was determined that there was an increase in the electronic defect density in the TiO; film
material with the application of oxygen gas, but this increase did not completely reversible with the application
of annealing, and it created a partial reversible effect. The reason for this change in the oxygen gas, may have
been the chemical bonding between the open bonds in the TiO; structure and the oxygen molecules.
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Oz

Tiirkiye depremsellik acisindan ¢ok hareketli bir bolgede bulunmaktadir. Diger bir ifadeyle yerlesim yerlerinin
bir¢ogunun i¢inden ya da ¢ok yakinindan aktif faylar gegmektedir. Bunlara bagli olarak olusan yikict depremler, depreme
dayanikli yap1 tasariminin 6nemini agikga ortaya koymaktadir. Olusan depremler sonucu hasar géren binalarin fazlaligi
ve yapisal elemanlarda olusan hasar binalardaki tasarim ve uygulama hatalariyla ilgili dnemli bilgiler vermektedir. Bu
bilgi birikimi sayesinde yapilarin nasil giiglendirilmesi gerektigi hakkinda da bilgilerimiz artmakta yeni yapilacak
yapilarinda daha saglikli nasil tasarlanabilecegini 6grenmekteyiz. Boylelikle, siklikla yeni deprem yodnetmelikleri de
yayimlanmaktadir. Bu bilgiler 1s18inda denebilir ki; zamaninda depremlere karsi dayanikli olarak tasarlanan yapilar daha
giincel deprem yonetmeligi kosullarint saglayamamaktadir. Bu hususta mevcut yapilarin statik agidan uygunlugunu
kontrol etmemizi ve gerekli durumlarda giiclendirmemizi gerektirmektedir. Bu makalede Karabiik ilinde bulunan ve 2002
yilinda yapilan betonarme bir okul binasmin mevcut ve giiclendirilmis durumlarmin Sta4-Cad programiyla yapisal
analizleri yapilmis ve DBYBHY ve TBDY yonetmeliklerine gore performans sonuglart karsilagtirilmistir. Yapisal
¢oziimlemelerden elde edilen sonuglar eski deprem yonetmeliklerine gore tasarlanan betonarme binalar 2019 Tiirkiye
Deprem Yonetmeligine gore giiclendirilmesinin 6nemli oldugunu ortaya koymaktadir. Ayrica betonarme binalara
giiclendirme karar1 verilirken; binanin yasinin, kaba insaat maliyetinin toplam giiglendirme maliyetine oraninin, yap1
yaklagik maliyeti oraninin ve giiclendirme maliyetlerinin birlikte degerlendirerek dikkate alinmasi daha uygun olacaktir.

Anahtar kelimeler: Betonarme yapilar, Giiglendirme, Onarim-gii¢lendirme, Performans analizi.

Abstract

Turkey is located on one of the most seismically active regions in the world. In other words, most of its population centers
are surrounded by many of the active faults if not lay on at least one of these active faults. The devastating earthquakes
occurred in the past along these faults, reveal the importance of earthquake resistant design. The high number of the
damaged buildings and the types of damages to structural members provide crucial information about the faults in design
and the construction of buildings. Thanks to the accumulated knowledge, we know how to strengthen the existing buildings
and more importantly learn how to design far healthier buildings in terms of earthquake performance. Thus, new
earthquake codes are introduced frequently. In the light of these facts, it could be said that the old structures that are
designed to be resistant to earthquakes may not meet the new earthquake regulation conditions. In this respect, it is vital
to check existing buildings' structural compatibility with the new codes and strengthen them when necessary. In this
article, structural analysis of a sample building which was located in Karabuk province and designed in 2002, was
performed and the same building was subjected to strengthening procedures until it complied with the new code
requirements. Sta4CAD is used as analysis program and the earthquake performance of the original and strengthened
building was compared. The results of the study proved the importance of strengthening the existing buildings according
to the 2019 Turkish Earthquake Code. In addition, while deciding to strengthen reinforced concrete buildings, it would
be more appropriate to consider the age of the building, the ratio of the rough construction cost to the total strengthening
cost, the approximate cost of the building and the strengthening costs together.
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1. Giris
1. Introduction

Tiirkiye’de siklikla yasadigimiz dogal afetlerin basinda depremler gelmektedir. Meydana gelen depremlerde
yapilarda 6nemli hasarlar olusturmakta ya da bu hasarlar sonucu yapilar gé¢gmektedir. Tiirkiye’de gilintimiize
kadar yasamis oldugumuz bazi depremlerde; 1939’da 7.9 ve 1992°de 6.8 biiyiikliigiindeki Erzincan, 1999’da
7.8 biiyiikligiindeki Kocaeli, yine 1999°da 7.5 biiyiikliiglindeki Diizce, 2011°de 7.2 biiylikliigiindeki Van,
2020°de 6.8 biiyiikliigiindeki Elazig ve son olarak 30 Ekim 2020’de 6.6 biiyiikliigiindeki Izmir depremleri
sonucu, maalesef binlerce insanimiz hayatin1 kaybetmis ve bircok yapr gdcmiistiir. Olusan s6z konusu
depremlerin hasarlar1 incelendiginde hasar goren ve/veya yikilan yapilarin tasarim, insa ve kullanim
asamalarinda gerekli 6zenin gosterilmedigi goriilmektedir (Scawthorn vd., 2000; Adalier & Aydingun, 2001;
Sezen vd., 2003; Spence vd., 2003; Dogangiin, 2004; Kaplan vd., 2004; Arslan & Korkmaz, 2007; Celep vd.,
2011; Yon vd., 2013). Bu husus depreme dayanikli yapi1 tasariminin 6nemini agik¢a ortaya koymaktadir. Bu
amagla bazi arastirmacilar betonarme yapilarin depremlere dayanikli olarak tasarlanmalar i¢in ¢aligmalar
yapmuslardir (Giirsoy, 2013; Cavdar & Sunca, 2014; Giirsoy, 2014; inan vd., 2014; Giirsoy vd., 2015; Caglar
vd., 2016; Aksoylu & Arslan, 2019a; Aksoylu & Arslan, 2019b; Aksoylu vd., 2020; Ozbayrak & Altun, 2020;
Aksoylu & Arslan, 2021; Giirsoy & Cavusoglu, 2021; Garip & Eren, 2022; Inan Giinaydi, 2022; Yel vd.,
2022).

Meydana gelen depremlerde bazi yapilarda olusan hasarlarin kabul edilebilir diizeyde kaldigi goriiliirken,
bazilarinda ise Can Giivenligi (CG) sinirini astigi goriilmektedir. Bunlardan kabul edilebilir diizeyde olan
yapilardaki hasarlar basit onarim ve/veya giiclendirme iglemleriyle ortadan kaldirilmaktadir. Ancak CG sinirini
asan yapilari yikip yeniden yapmak ve giiclendirme (takviye) yaparak istenilen performans seviyesini yeniden
saglamak gibi iki secenek bulunmaktadir. Bu segeneklerden hangisinin uygulanacagina da giiclendirme
maliyeti kavramiyla karar verilmektedir. Diger bir ifadeyle fayda-maliyet analizi kavramiyla bina yasina bagli
olarak s6z konusu binanin yaklasik maliyeti hesaplanmakta ve elde edilen degerler giiclendirme maliyetiyle
kiyaslanmaktadir. Bu amagla bazi arastirmacilar betonarme yapilarin onarim ve giiclendirilmesiyle ilgili ve
bazi arastirmacilar da uygulanacak giiclendirme isleminin s6z konusu yapinin davranigina etkisini belirlemeye
yonelik ¢alismalar yapmuslardir (Kalkan vd., 2013; Baran vd., 2014; Aksoylu & Sezer, 2018; Aksoylu & Kara
2019; Aksoylu & Kara, 2020; Baran, 2020; Coskun, 2022).

Bu makalede 6rnek olarak secilen bir okul binas1 2007 Tiirkiye Deprem Y 6netmeliginin 7. bolimiinde ve 2019
Tiirkiye Deprem Yonetmeliginin 15. Boliimiinde verilen Mevcut Yapilarin Degerlendirilmesi ve
Gii¢lendirilmesi bashgindaki tasarim ilkelerine gére modellenerek karsilastirilmali olarak incelenmektedir. Bu
amagla Karabiik ilinde bulunan Milli Egitim Miidiirliigiine bagh secilen okul binasi 2007 ve 2019 Tiirkiye
Deprem Y 6netmeliklerine gore Sta4-Cad (Sta4-Cad, 2021) programiyla modellenerek kapsamli ve sinirl bilgi
diizeylerine gore yapisal ¢oziimlemeleri gergeklestirilmekte ve performans degerlendirmesi yapilmaktadir. S6z
konusu okul binasinin gergeklestirilen yapisal ¢oziimlemeler ve performans degerlendirmelerinden elde edilen
bulgular karsilagtirmali olarak irdelenerek bazi sonuglar ve 6neriler sunulmaktadir.

2. Mevcut binalarin degerlendirilmesi ve giiclendirilmesi ile ilgili baz1 bilgiler
2. Some information on evaluation and retrofitting of existing buildings

Bu baglik altinda Deprem Boélgelerinde Yapilacak Binalar Hakkindaki Yonetmelikte (DBYBHY) ve Tiirkiye
Bina Deprem Yonetmeliginde (TBDY) verilen tasarim ilkeleri ile ilgili baz1 bilgiler verilerek s6z konusu
tasarim ilkeleri birbirleriyle karsilastiriimaktadir (DBYBHY, 2007; TBDY, 2019).

2.1. Binalardan bilgi toplanmasi
2.1. Gathering information from buildings

Binalardan bilgi toplanmasi DBYBHY ve TBDY’de belirtilen bilgi diizeyleri dikkate alinarak yapilmaktadir.
S6z konusu okul binasinda yapilacak olan ¢aligmalarda, kapsamli bilgi diizeyinde belirtilen hususlar dikkate
alinmistir. Ayrica 6rnek olarak secilen Misaki Milli okul binasinda yapilacak olan deneysel islemler TBDYde
verilen kosullara gore yapilmistir. Bu makalede dikkate alinan DBYBHY ve TBDY arasindaki farkliliklar
Tablo 1°de verilmektedir. Bu tablodan kapsamli bilgi diizeyi i¢in belirtilen kurallar incelendiginde, bu bilgi
diizeyinin iki segenege ayrildigi goriilmektedir. Buna gore uygulama projesinin olup olmamasi durumlari igin
farkli deney sayilari oldugu goriilmektedir. Bu tablodan uygulama projesinin olmasi durumunda; DBYBHY e
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gOre yapisal elemanlarda kullanilacak tahribatli yontem miktarinin daha fazla oldugu anlasilmaktadir. Benzer
sekilde tahribatsiz yontem icin her iki deprem yonetmeliginde de perde duvar ve kolonlarda esit miktarda
rontgen ¢aligmasi yapilmasi gerekirken kirisler icin DBYBHY de daha fazla miktarda donati tespitinin
yapilmasi gerektigi belirtilmektedir. Uygulama projesinin olmamasi durumunda ise, tahribatli yontemin
yapisal elemanlarda uygulanma miktarinin ve tahribatsiz yontemle ise kirislerde donatilarin tespit edilmesinin
DBYBHY’de daha fazla oldugu buna karsin tahribatsiz yontemle diisey tasiyict elemanlarda donatilarin
belirlenmesinin DBYBHY de daha az oldugu goriilmektedir. Karot islemleri bakimindan bina genelinde
almacak toplam karot sayis1 her iki yonetmelikte de degismezken, TBDY ’de belirtilen her katta alinacak karot
sayilar1 daha az olmaktadir. Ozet olarak iki ydnetmeligi deney sayilar1 agisindan karsilastirmak gerekirse,
DBYBHY’in tahribath yontemlerle donati tespitine agirlik verdigi buna karsin TBDY nin ise tahribatsiz
yontemle donati tespitine yogunlastigi goriilmektedir.

Tablo 1. DBYBHY ve TBDY yonetmeliklerine gore kapsamli bilgi diizeylerinin karsilagtirilmasi
Table 1. Comparison of comprehensive knowledge levels according to DBYBHY and TBDY regulations

DBYBHY TBDY
Projesi varsa Projesi yoksa Projesi varsa Projesi yoksa
En az 1 adet En az 2 adet En az 1 adet En az 2 adet
é § Kolon Her kattaki kolonlarm %10’u Her katgilgolf;)ilonlarm Her kattaki kolonlarm %5°1 Her kattaki kolonlarm %10’u
- 0.
o S
=K En az 1 adet En az 2 adet En az 1 adet En az 2 adet
s T Perde ) . ) )
E = Duvar Her kattaki perde duvarlarin Her Kattaki perde duvarlarm Her kattaki perde duvarlarin = Her kattaki perde duvarlarin
=5 %10’u %20’si %5’1 %10’u
©n 3
[:’Kiri En az 1 adet En az 2 adet 1 adet 1 adet
¥ Her kattaki kiriglerin %5°1  Her kattaki kiriglerin %10’u
:E: Kolon Siyrilmayan kolonlarin Siyrilmayan kolonlarin Siyrilmayan kolonlarin Siyrilmayan kolonlarin
E %20’si %20’si %20’si %30’u
=i
>~
gﬁ w; Perde  Siyrilmayan perde duvarlarin Siyrilmayan perde Siyrilmayan perde duvarlarin Styrilmayan perde duvarlarin
5 € Duvar %20’si duvarlarm %20’si %20’si %30’u
bS]
S .. Siyrilmayan kirislerin Siyrilmayan kiriglerin S S .
< y! Y § y! y § 0/ 1() 0/ 14>
S Kirig %20’si %20’ Siyrilmayan kirislerin %10’u  Siyrilmayan kirislerin %15’
Karot Her katta en az 3, toplamda en az 9 adet ve her 200 m*’de  Zemin katta en az 3, diger katlarda en az 2, toplamda da en
islemi 1 adet alinmas1 gerektigi az 9 adet ve her 400 m*’de 1 adet alinmasi gerektigi

2.2. Yapisal elemanlarda hasar sinirlar: ve bolgeleri
2.2. Damage limits and zones in structural members

DBYBHY’de MN’ye kadar olan bolge Minimum Hasar Bélgesi, MN ile GV arasindaki bolge Belirgin Hasar
Boélgesi, GV ile GC arasindaki bolge Ileri Hasar Bélgesi ve GC’den sonraki bdlge ise Go¢me Bélgesi olarak,
TBDY de ise SH’ye kadar olan bolge Sinirli Hasar Bélgesi, SH ile KH aras1 Belirgin Hasar Bolgesi, KH ile
GO aras1 fleri Hasar Bélgesi ve GO’den sonraki bolge Go¢me Bélgesi olarak tanimlanmustir (bkz. Sekil 1).

ic Kuvvet i¢ Kuvvet
A 0
A o Gc St KH GO
MN L T 1
: = E
i ' :
i ' .
: ; '
! i
: 5 o 1 e 8
Minimum : Belirgin : Ileri : ?‘{"“rh : N : I-l{lcn :
Minimum | irgis ' n‘\ 1 P asar_ Hasar 1 asar | Gog¢me
Sie | s | see | Sees Bolgesi | Bolgesi | Blgesi | Bolaesi |
= Sekildegistirme
Sekildegistirme
a) DBYBHY b) TBDY

Sekil 1. DBYBHY ve TBDY e gére tanimlanan kesit hasar bélgeleri (DBYBHY, 2007; TBDY, 2019)
Figure 1. Section damage zones defined according to DBYBHY and TBDY (DBYBHY, 2007; TBDY,
2019)
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2.3. Performans hesabinda kullanilacak analiz yontemleri
2.3. Analysis methods to be used in performance calculation

DBYBHY ve TBDY de bina performansinin belirlenmesi i¢in ii¢ analiz yontemi verilmektedir (bkz. Tablo 2).
DBYBHY e gore artimsal esdeger deprem yiikii yontemiyle bina performans analizinin yapilabilmesi igin
binanin kat sayisinin bodrum kat hari¢ 8’den az olmasi, burulma diizensizligi katsayisinin 77,, <1.4 olmas1 ve

1. dogal titresim periyodu dikkate alinarak hesaplanan etkin kiitlenin toplam bina kiitlesine oraninin (kiitle
katilim orani) x ve y dogrultularinda 0.7’den fazla olmas1 gerekmektedir. Ayrica DBYBHY e gore diger analiz
yontemleri her tiirlii binalarda uygulanabilmektedir. TBDY de ise tek modlu itme yonteminin uygulanma
kosullar1t DBYBHY de verilen artimsal esdeger deprem yiikii yontemiyle benzerlik gdstermekte ancak
TBDY’de yeni kavramlarin bulunmasi nedeniyle bu kosullarin ifadesinde bazi farkliliklar vardir. Buna gore
tek modlu itme yontemlerinin uygulanabilmesi icin BYS>5, 7,, <1.4 ve kiitle katilim oraninin en az 0.7 olmasi

gerekmektedir. Ayrica ¢ok modlu itme yontemi BYS>2 olan binalarda uygulanabilirken, zaman tanim alaninda
dogrusal olmayan hesap yontemi tiim binalarda kullanilabilmektedir.

Tablo 2. TBDY ve DBYBHY yo6netmeliklerine gore analiz yontemleri
Table 2. Analysis methods according to TBDY and DBYBHY regulations

Performans Analizinde Kullanilacak Analiz Yontemleri

DBYBHY TBDY
Artimsal esdeger deprem yiikii yontemi Tek modlu itme yontemi
Artimsal mod birlestirme yontemi Cok modlu itme yontemi

Zaman tanim alaninda hesap yontemi Zaman tanim alaninda dogrusal olmayan hesap yontemi

2.4. DBYBHY ve TBDY’e gore mevcut binalar icin performans hedefleri
2.4. Performance targets for existing buildings according to DBYBHY and TBDY

Mevcut binalarin performans hedeflerinin belirlenebilmesi i¢cin DBYBHY ve TBDY’de deprem asilma
olasiliklarina bagli olarak saglanmasi gereken hasar sinirlart sirasiyla Tablo 3 ve Tablo 4’te verilmektedir. Bu
cizelgelerden DBYBHY de binanin kullanim amaci ve tiiriine gére hedef performans seviyesi belirlenirken,
TBDY de ise deprem tasarim sinifina bagh olarak hedef performans seviyesinin belirlendigi goriilmektedir.

Tablo 3. DBYBHY gore farkli deprem diizeylerinde binalar i¢in 6ngériilen minimum performans hedefleri
Table 3. The minimum performance targets foreseen for buildings at different seismic levels to DBYBHY

Depremin Asilma Olasiligi
50 y1lda %50 50 yilda %10 50 yilda %2

Binanin Kullanim Amaci ve Tiirii

Deprem Sonrast Kullanimi Gereken Binalar: Hastaneler, saglik tesisleri, itfaiye

binalari, haberlesme ve enerji tesisleri, afet yonetim merkezleri vb. i HK G
Insanlarin Uzun Siireli ve Yogun Olarak Bulundugu Binalar: Okullar, yatakhaneler, HK cG
)'/urtlar, pansiyonlar, cezaevleri, miizeler vb.
Insanlarin Kisa Siireli ve Yogun Olarak Bulundugu Binalar: Sinema, tiyatro, konser HK cG i
salonlari, kiiltiir m_erkezleri, spor tesisleri
Tehlikeli Madde Iceren Binalar: Toksik, parlayici ve patlayict maddelerin bulundugu HK GO
binalar
Diger Binalar: Konutlar, igyerleri, oteller, turistik tesisler, endiistri yapilari - CG -
CG: Can Giivenligi, HK: Hemen Kullanom ve GO: Go¢me Onlenmesi
Tablo 4. TBDY e mevcut binalar igin performans hedefleri ve tasarim yaklagimlari
Table 4. Performance targets and design approaches for existing buildings to TBDY
Deprem DTS=1, 2,3, 33,4, 4a DTS=1a, 2a
Diizeyi Normal Performans Hedefi Degerlendirme/Tasarim Yaklasimi Ileri Performans Hedefi Degerlendirme/Tasarim Yaklagimi
DD-3 - - SH SGDT
DD-2 KH SGDT - -
DD-1 - - KH SGDT

KH: Kontrollii Hasar, SH: Siirli Hasar ve SGDT: Sekil Degistirmeye Gore Degerlendirme ve Tasarim
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3. Misaki Milli ilkokulundan bilgi toplanmasi
3. Gathering information from Misaki Milli primary school

Bu makalede Karabiik ili Safranbolu il¢esinde bulunan Misaki Milli ilkégretim okulu incelenmistir. S6z
konusu okul binasinin ekonomik dmriinii tamamlamamis olmasi sayisal drnek olarak secilmesinde etkili
olmustur. Bu amagla secilen okul binalarinin 6nce Sta4-CAD programiyla DBYBHY ve TBDY’e gore
performans analizleri yapilarak elde edilen bulgular karsilastirilmis, daha sonra s6z konusu yonetmeliklere
gore gliclendirme projeleri hazirlanarak tasarim kurallari ¢ercevesinde maliyetleri degerlendirilmistir.

Misaki Milli ilkokul binasinin yapim yili 2002°dir. S6z konusu okul binasmin tasiyici sistemi, 3 kath
betonarme ¢erceve ve duvar sistemden olugsmaktadir. Buna gore bodrum, zemin ve 1. normal kattan olusan
okul binasi toplam 1792.99 m?’dir. Misak1 Milli ilkokulunun bodrum kati 4.1 m, zemin kat1 ve 1. normal kati
3.2 m yiiksekligindedir. Ayrica s6z konusu okul binasi 1.4 m gomiilii olarak insa edilmistir. Okul binasinin
statik ve mimari projesi bulunmadigindan réleve ¢alismasi yapilarak projeleri hazirlanmigtir (Coskun, 2022).
Hazirlanan réleve projelerine gore tasiyict elemanlarin yerleri tespit edilerek gerekli deneysel calismalar
yapilmistir. S6z konusu deneysel caligmalarin adetleri TBDY’de verilen kapsamli bilgi diizeyine gore
belirlenmistir. Misaki Milli ilkokulunun daha 6nceden her katindan 3’er adet karot 6rnegi alinmistir. Ancak
mevcut beton basing dayaniminin daha saglikli olarak degerlendirilebilmesi i¢in her katindan ek olarak 1’er
adet daha karot 6rnegi alinmistir (bkz. Tablo 5). Bu tablo incelendiginde her kat i¢in ayr1 beton basing dayanimi
degerleri elde edildigi goriilmektedir. Bu tablodan bodrum ve 1.katin en diisiik degerlerinde sapma olurken,
zemin katta en diisiik degerin dikkate alinmasi gerektigi tespit edilmistir. Elde edilen Ortalama-Standart
sapma ve Ortalama*0.85 degerlerinden biilyiik olan degerin mevcut beton basing dayanimi degeri olacag
kabul edildiginde; bodrum katta 17 MPa, zemin katta 22 MPa ve 1.katta 19 MPa’lik beton basing dayanimi
degerlerinin kullanilmasi gerektigi ortaya ¢ikmaktadir. Ayrica Misaki Milli okul binasinda donatilar1 tespit
etmek icin styirma ve rontgen islemleri TBDY’de belirtilen kosullara gére yapilmistir. Misaki Milli okulunun
statik rolevesi dikkate alindiginda 36 adet kolon ve 6 adet perde duvarin bulundugu goériilmektedir. TBDY de
verilen kosullar geregi kolon ve perde duvarlarin, en az 1 tanesinde siyirma yapmak kosuluyla, %5’inde
styirma yapilmalidir. Buna gore okul binasmin kolonlarinda minimum 2 adet ve perde duvarlarinda ise 1 adet
styirma islemi yapilmigtir. Diger taraftan kirisler hakkinda bilgi edinmek amaciyla her katta minimum 1 adet
styirma iglemi yapilmalidir. R6ntgen islemi i¢in styirma yapilmayan kolonlar ve perde duvarlarin da minimum
%20’sinde donat1 tespiti yapilmasi gerekmektedir (bkz. Tablo 6 ve Tablo 7). Ayrica Misaki Milli okulunun
temel sisteminin belirlenmesi i¢in muayene ¢ukuru agilmis ve 40 cm kalinliginda kirigsiz radye temel oldugu
tespit edilmistir.

Tablo 5. Misaki Milli ilkokulunun mevcut karot sonuglar1 ve ortalama basing degerleri
Table 5. The current drilling core results and average compression values of Misaki Milli primary school

Basing Dayanim En diisiik degerin Standart Sapma Ortalama *
Katlar Karotlar (MPa) degerlendirilmesi (SS) sg  Ortro8
Onceden alinan karot % 12352;
Bodrum sonuglari ) 20.02*0.75=15.015>9.15
kat 3 9.15 9.15 MPa dikkate alinmayacaktir. 7137 12.883 17.017
Giincel karot sonucu 1 27.35
1 34.75
Onceden alinan karot 2 26.80
Zemin sonuglari 28.073*0.75=21.055<21.2
kat 3 22.67 21.2 MPa dikkate aliacaktir. 6.077 20.278 22.401
Giincel karot sonucu 1 21.2
1 26.14
Onceden al‘fan karot 2 21.65 22.35%0.75=16.76>15.89
1. Kat sonuglan 15.89 MPa dikkate 3.49 18.86 19
3 15.89
alinmayacaktir.
Giincel karot sonucu 1 19.26
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Tablo 6. Misaki Milli ilkokulunun hasarsiz donati tespit raporu
Table 6. The undamaged rebar detection report of Misaki Milli primary school

Katlar Yapilan islem Yapisal Elemanlar BO{CungI;I r Uzun Ker&?&:ﬂ ﬁ?sildli(enar da Boyuna Donati  Yatay/Enine Donat1
Rontgen 1 Kolon 30x90 8 3 18016 08/13
Rontgen 2 Kolon 30x90 9 2 18016 08/13
Rontgen 3 Kolon 30x90 6 2 12016 08/12
Rontgen 4 Kolon 30x90 5 2 10016 08/12
Rontgen 5 Kolon 30x90 7 3 16016 ?8/15

= Rontgen 6 Kolon 30x90 8 2 16016 08/12
é Rontgen 7 Kolon 90x30 9 3 20016 08/15
_g Rontgen 8 Kolon 30x90 8 3 18016 08/15
® Réntgen9  Kolon 90x30 9 3 20016 08/15
Rontgen 10 Kolon 90x30 9 3 20016 ?8/19
Rontgen 11 Perde duvar 100x100 - - 0?16/27 ?8/15
Rontgen 12 Perde duvar 100x100 - - 016/14 08/16
Rontgen 13 Perde duvar 100x100 - - 016/12 08/20
Rontgen 14 Perde duvar 100x100 - - ?16/19 ?8/20
Rontgen 15 Kolon 30x90 7 2 14016 08/15
Rontgen 16 Kolon 30x90 8 3 18016 ?8/13
Rontgen 17 Kolon 30x90 8 4 20016 ?8/12
Rontgen 18 Kolon 30x90 11 3 24016 08/10
Rontgen 19 Kolon 30x90 11 4 26016 08/11
Rontgen 20 Kolon 30x90 7 2 14016 08/12
§ Rontgen 21 Kolon 90x30 6 3 14016 08/13
£ Rontgen22  Kolon 30x90 9 4 22016 08/13
§ Rontgen 23 Kolon 90x30 8 2 16016 08/13
Rontgen 24 Kolon 90x30 7 3 16016 ?8/13
Rontgen 25 Perde duvar 100x100 - - ?16/22 ?8/19
Rontgen 26 Perde duvar 100x100 - - 016/14 08/12
Rontgen 27 Perde duvar 100x100 - - ?16/23 08/28
Rontgen 28 Perde duvar 100x100 - - ?16/11 ?8/18
Rontgen 29 Kiris alt1 30x100 - - 3012 08/13
Rontgen 30 Kolon 30x90 9 3 20016 ?8/13
Rontgen 31 Kolon 30x90 8 2 16016 08/12
Rontgen 32 Kolon 30x90 8 2 16016 08/15
Rontgen 33 Kolon 30x90 10 2 20016 08/14
Rontgen 34 Kolon 30x90 9 2 18016 08/14
Rontgen 35 Kolon 30x90 11 2 22016 08/16
Rontgen 36 Kolon 90x30 8 2 16016 08/17
§ Rontgen 37 Kolon 30x90 9 2 18016 08/19
~  Rontgen38  Kolon 90x30 9 2 18016 0821
Rontgen 39 Kolon 90x30 7 3 16016 08/19
Rontgen 40  Perde duvar 100x100 - - 016/14 08/21
Rontgen 41 Perde duvar 100x100 - - 016/17 08/22
Rontgen 42 Perde duvar 100x100 - - 016/13 08/20
Rontgen 43 Perde duvar 100x100 - - 216/22 08/14
Rontgen 44 Kiris alt1 30x100 - - 3012 ?8/12
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Tablo 7. Misaki Milli ilkokulu hasarli donat1 tespit raporu
Table 7. Misaki Milli primary school damaged rebar detection report

Katlar Yapilan islem Yapisal Elemanlar B()()éumt)lar Uzun Ke]zg:é‘: Iéizdll(enar da Boyuna/Asal Donat1 Yatay/Enine Donati
Siyirma 1 Perde duvar 30x735 - - 016/14 ?8/16
w Siyirma 2 Perde duvar 30x735 - - ?16/27 ?8/15
X Styirma 3 Perde duvar 420x30 - - ?16/19 ?8/20
E Syirma4 Perde duvar 420x30 ; ; 016/15 0821
S Siyirmas Kolon 90x30 6 2 12016 08/16
M Siyirma 6 Kolon 90x30 6 4 16016 ?8/16
Siyirma 7 Perde duvar 410x30 - - ?14/20 ?8/20
Styirma 8 Kolon 90x30 8 4 20016 08/12
5 Siyirma 9 Kiris Alt1 30x100 - - 3012 ?8/15
= Siymrma 10 Perde duvar 410x30 - - ?12/20 ?8/20
‘€ Siyirma 11 Kiris Alt1 30x100 - - 3012 08/15
N Styirma 12 Kolon 30x90 6 4 16016 ?8/12
Styirma 13 Kolon 30x90 8 4 20016 ?8/14
Styirma 14 Kolon 90x30 7 3 16016 ?8/10
+  Siymma 15 Kolon 90x30 9 2 18016 ?8/11
X Siyirma 16 Perde duvar 420x30 - - ?12/20 ?8/20
< Siyrmal7  Perde duvar 410x30 - - 012/20 08/20
Siyirma 18 Kirig Alt1 30x100 - - 3012 ?8/10

4. Misaki Milli ilkokulunun modellenmesi ve yapisal ¢éziimlemelerinin yapilmasi
4. Modelling and structural analyses of Misaki Milli primary school

Roleve calismalari tamamlanan Misaki Milli ilkokulunun Sta4-Cad programiyla laboratuvar ¢alismalarindan
elde edilen degerler ve bugiin yiirtirliikteki yonetmelikler de (TS498, 1997; TS500, 2000) dikkate alinarak
yapisal modeli olusturulmustur. Ancak siyirma ve rontgen islemleri binalarin tastyici sistemleri hakkinda bir
bilgi verse de betonarme projesi olmayan binalarda tam anlamiyla yeterli bilgiye sahip olunamamaktadir.
Ornegin kolon-kiris birlesim bolgelerinde ve ddsemelerde mevcut donatilar tespit edilememektedir. Bu
nedenle Misaki Milli ilkokulunun performans analizi yapilmadan once yapim yili da dikkate alinarak
depremsiz analizi yapilmistir. Burada performans analizi yapilirken s6z konusu binanin temelinin performansa
etkisi olmadigin belirtmek uygun olacaktir. Ancak giiclendirme projesinin hazirlanmasi durumunda, bina
temeli de modellenerek giiclendirilmis binanin temele olan etkisinin dikkate alinmasi gerekmektedir. Boylece
olusan kesit tesirlerine gore okul binasinin temeli de gliclendirmelidir. Depremsiz durum i¢in tiim binanin yeni
malzemeye (E1) ve mevcut malzemenin (E2~E9) siniflarina gore yapisal ¢éziimlemesi yapilarak buna gore
donat1 atamasi yapilabilmektedir. Bu makalede mevcut tasiyici sistem elemanlarina E2~E4 malzeme bilgileri
girilerek yapisal ¢oziimlemeler yapilmigtir (bkz. Sekil 2 ve Tablo 8).

E1 = Yeni Elemanlar " - E2-E9 = Mevcut Elemanlar
[Tl ¢ (kgicm?) 250 =K'°°"ll:“ Malzeme  Betonarme C(kglem?) 170 G @Wm) 2.5
vya E1(kglem®) 302500 © PLAK E2 (kg/lem®) 274000 Celik (kgicm?) fyk=4200 - IEtriye 4200

BDVIEN @
AaRET T e T aEdP m——

BODRUM KAT
E2 MALZEMEST
C17/5420

Sekil 2. Misaki Milli ilkokulunun bodrum katinda E2 malzeme sinifi bilgi girisi
Figure 2. E2 material class information entry in the basement of Misaki Milli primary school
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Tablo 8. Misaki Milli ilkokulunun yapisal ¢6ziimlemelerde kullanilan malzeme

ozellikleri

Table 8. Material properties used in structural analyses of Misaki Milli primary

school

Malzeme Ozellikleri Beton Simifi  Celik Sinifi

Yeni Giiglendirme Elemanlar1 g1 Cc25 B420C
Bodrumkat g c17 420

Mevcut Yapisal zemin kat E3 c22 S420

Elemanlarin

1. Kat E4 C19 S420

Burada Misaki Milli ilkokulunun tagiyici elemanlarina E2~E9 malzeme sinifi atamalari yapildiktan sonra
sadece diisey yiiklere gore lineer analiz yapilacagindan Yapt Performanst Projesi kisminin segili olmamasi
gerektigini belirtmek uygun olacaktir.

Depremsiz ¢6zlimii yapilan okul binasinin donati aktarimini yapmak i¢in yap1 donati diizenleme sekmesinden
E2~E9 Mevcut Eleman Donatisina, Analiz Sonucundaki Donatilari Kopyala ile depremsiz yapisal ¢oziimleme
sonucunda hesaplanan donatilar atanmaktadir. Donat1 atamalar1 donat1 ger¢eklesme katsayis1 %85 alinarak
yapilmistir. Bu katsay1 giivenli bolgede kalmak amaciyla kapasite hesaplarinda dikkate alinacaktir. Yerinde
donatilar tespit edilerek isaretlenen yapisal elemanlarin donati bilgileri hazirlanan raporlar dogrultusunda
Stad-Cad programinda atanmistir (bkz. Sekil 3).

MEVCUT KOLON DONATISI DUZENLEME
Bx baslik
cm donatisi

90 30

90

P e

DONATI ADETI sino

Io[E]

90

LT LT IEIEE]
[TTTTTIEE0E]

B -

Sekil 3. Siyirma iglemi bilgilerinin yapisal elemanlara girilmesi
Figure 3. Entering structural members of stripping process information

4.1. Kapsaml bilgi diizeyine gore performans analizlerinin yapilmast
4.1. Performing performance analyses according to comprehensive knowledge level

Donati bilgi girisi yapilan Misaki Milli okul binasinin DBYBHY ve TBDY’de verilen kapsamli bilgi diizeyine
gore performans analizleri yapilmistir. S6z konusu okul binasinin DBYBHY e gore performans analizinin
yapilabilmesi i¢in Tablo 3’tin dikkate alinmasi gerekmektedir. Buna gére Misaki Milli okul binasinin
DBYBHY’e gore yapilan performans analizlerinden CG ve HK performans seviyelerini saglamadig
goriilmektedir. Misaki Milli okul binasmin Tablo 4 ve Tablo 9’da verilen tasarim parametreleri dikkate
alimarak TBDY’ye gore gerceklestirilen performans analizlerinden de DDI deprem diizeyinde hedef
performans seviyesinin (KH) saglanamadigi, buna karsin DD3 deprem diizeyinde ise hedef performans
seviyesinin (SH) saglandigi gorilmektedir (bkz. Tablo 10). TBDY’ e gore her iki deprem diizeyinde de
performans hedefinin saglanmasi gerektiginden giiglendirme projesinin hazirlanmasi gerekmektedir.
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Tablo 9. Misaki Milli ilkokulunun yapisal ¢oziimlemelerde kullanilan deprem parametreleri
Table 9. Earthquake parameters used in structural analyses of Misaki Milli primary school

Deprem Parametreleri (ileri performans hedefi kosullar1 dikkate alinacaktir)
Bina Onem Katsayis1 (I) Bina Kullanim Smifi (BKS) Sps  Deprem Tasarim Sinifi (DTS) Bina Yiikseklik Siifi (BYS)
1.5 1 0.85 la 7

Burada DBYBHY e gore performans analizleri yapilirken bina 6nem katsayisinin deprem asilma olasiliklarina
gore dikkate alindigini dolayisiyla spektrum ivmelerinin buna bagl olarak dlgeklendirildigini ve TBDY e gore
yapilan analizlerde okul binasinin bina 6énem katsayisinin I=1 alindigim belirtmek yararli olacaktir.

Misaki Milli okul binasinda giiclendirme yontemi olarak mevcut tastyici sisteme perde duvarlarin ilave
edilmesi tercih edilmistir (bkz. Sekil 4). Perde duvarlar ilave edilirken, mimari gereksinimler de géz oniine
almarak, burulma diizensizliginin olusmamasina dikkat edilmistir. Gii¢lendirilmis Misaki Milli okul binasinin
DBYBHY ve TBDY’de belirtilen kapsamli bilgi diizeylerine gore performans analizleri yapilmistir.
Performans analizlerinden, gii¢clendirilmis okul binasinin DBYBHY e gore CG deprem diizeyinde hedef
performans seviyesinin saglanamadigi buna karsin HK deprem diizeyinde hedef performans seviyesinin
saglandig1 ve TBDY’ye gore ise hem DD1 deprem diizeyinde hem de DD3 deprem diizeyinde hedef
performans seviyelerinin saglandig1 gériilmektedir (bkz. Tablo 10). Ayrica Tablo 10’dan gii¢lendirilmis okul
binasindaki spektral yerdegistirme degerlerinin s6z konusu okul binasmin mevcut durumuna goére dnemli
Olciide azaldig1 goriilmektedir. Diger taraftan gili¢lendirilmis okul binasindaki performans seviyesindeki
spektral yerdegistirme degerleri miisaade edilen spektral yerdegistirme degerlerinden daha kiigiik olarak elde
edilmistir.

Sekil 4. Misaki Milli ilkokulunun gii¢lendirilmesi amaciyla ilave edilen perde duvarlarin yerleri
Figure 4. The locations of the shear walls added to strengthen the Misaki Milli primary school

Tablo 10. Misaki Milli ilkokulunun mevcut ve gii¢lendirilmis durumlari i¢in kapsamli bilgi diizeylerine gére
elde edilen performans seviyeleri, spektral ivme ve yerdegistirme degerleri

Table 10. Performance levels, spectral acceleration and displacement values obtained according to
comprehensive knowledge levels for the current and strengthened status of Misaki Milli primary school

Performans Seviyesi Degerleri Performans Hedefi
Degerleri
Performans
Dﬂeprem' Yapi Durumu _ X dogrultusu Y dogrultusu X dogrultusu Y dogrultusu L Performans Hedefi
Diizeyleri Seviyesi

Sa Sd Sa Sd Sa Sd Sa Sd
Meveut durum 6.05 8.88 17.15 422 1472 442 1472 1.61 Go¢me durumu Can Giivenligi X

CG Gii¢lendirilmis 14.54 171 15.02 0.84 1472 1.73 1245 0.70 Hemen kullanim Can Giivenligi X
durum
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Tablo 10. Misaki Milli ilkokulunun mevcut ve giiglendirilmis durumlari i¢in kapsamli bilgi diizeylerine gore
elde edilen performans seviyeleri, spektral ivme ve yerdegistirme degerleri (Devam)

Table 10. Performance levels, spectral acceleration and displacement values obtained according to
comprehensive knowledge levels for the current and strengthened status of Misaki Milli primary school
(Continuing)

Performans Seviyesi Degerleri Performans Hedefi
Deprem _ _ __ Degerleri Performans i
. . Yapi Durumu _ X dogrultusu Y dogrultusu X dogrultusu Y dogrultusu S Performans Hedefi
Diizeyleri Seviyesi
Sa Sd Sa Sd Sa Sd Sa Sd

Meveut durum 5.59 520 1385 283 981 295 981 1.07 Gogme durumu Hemen Kullanom X
HK Giiglendirilmis 9.79 115 1028 0.58 9.81 1.15 8.30 0.47 Hemen kullanim Hemen Kullanim v

durum

Mevcut durum 5.40 3.90 11.64 1.93 1380 3.16 1380 098 Gogme durumu  Kontrollii Hasar
DD1 . S .

g}l;lr%lﬁ]ndlrllmls 13.80 118 1380 051 1163 1.17 1190 054 Symirls hasar Kontrollii Hasar

X
v
Mevcut durum 3.19 088 363 027 38 08 38 027 gyl hasar Sinurli Hasar v
v

DD3 Giiglendirilmis 3.85 033 385 014 466 041 383 014

Sinirl hasar Sinirli Hasar
durum

Sa: Spektral ivme (cm/s?) Sa: Spektal yerdegistirme (cm)

4.2. Stirh bilgi diizeyine gore performans analizlerinin yapilmasi
4.2. Performing performance analyses according to limited knowledge level

Bu baglik altinda Misaki Milli ilkokulunun sinirl bilgi diizeyine gore performans analizleri yapilarak kapsaml
bilgi diizeyinden elde edilen sonuglarla karsilastiriimaktadir. Misaki Milli ilkokulu mevecut durumunun, sinirl
bilgi diizeyi dikkate alinarak, DBYBHY ve TBDY e gore gerceklestirilen performans analizleri sonuglarimin
kapsamli bilgi diizeyi icin elde edilenlerle ayni oldugu goriilmektedir. Ancak yapisal sistemde olusan spektral
ivme ve yerdegistirme degerlerinde farkliliklar olugsmaktadir (bkz. Tablo 10 ve Tablo 11). Elde edilen bu
sonuglardan her iki yonetmelige gore gerekli performans hedefleri saglanamadigindan giiglendirme projesinin
hazirlanmasi gerekmektedir.

Gii¢lendirilmis Misaki Milli okul binasmin sinirlt bilgi diizeyine gére yapilan performans analizlerinden hem
DBYBHY hem de TBDY’de belirtilen performans hedeflerini sagladiklar1 goriilmektedir (bkz. Tablo 11).
Ancak s6z konusu yonetmeliklere gore performans hedefinin saglanmasiyla birlikte yapisal elemanlarda
gevreklik olup olmadigimin da kontrol edilmesi gerekmektedir. Ayrica Tablo 11°den giiglendirilmis okul
binasindaki spektral yerdegistirme degerlerinin mevcut durumuna goére dnemli 6lgiide azaldig1 ve performans
seviyesindeki spektral yerdegistirme degerlerinin miisaade edilen spektral yerdegistirme degerlerinden daha
kiigiik oldugu goriilmektedir.

Tablo 11. Misaki Milli ilkokulunun mevcut ve gii¢lendirilmis durumlari igin sinirh bilgi diizeylerine gore elde
edilen performans seviyeleri, spektral ivme ve yerdegistirme degerleri

Table 11. Performance levels, spectral acceleration and displacement values obtained according to limited
knowledge levels for the current and strengthened status of Misaki Milli primary school

Performans Seviyesi Performans Hedefi
Deprem Degerleri Degerleri Performans .
DﬁFz)eyleri Yapi Durumu X dogrultusu Y dogrultusu X dogrultusu Y dogrultusu Seviyesi Performans Hedefi
Sa Sd Sa Sd Sa Sd Sa Sd

cG Mevcut durum 587 8.99 16.92 4.10 14.72 442 1472 163 Gogme durumu Can Giivenligi X
Giiglendirilmig durum 14.61 170 1230 0.69 1472 171 1245 0.70 Hemen kullanim Can Giivenligi X

HK Mevcut durum 574 522 1450 280 981 295 981 109 Go¢me durumu Hemen Kullanim X
Giiclendirilmis durum 9.79 114 823 460 981 114 830 4.64 Hemen kullanim Hemen Kullanim v/

DD1 Mevcut durum 544 392 1248 205 13.80 3.16 13.80 0.99 Go¢me durumu Kontrollii Hasar X
Gii¢lendirilmis durum 11.80 1.17 11.20 054 13.80 1.17 13.80 0.51 Sinirli hasar Kontrollii Hasar v/

DD3 Mevcut durum 301 0874 360 0.275 385 0.88 3.85 0.277 Smirh hasar Sinirli Hasar 4

Gii¢lendirilmis durum 420 0.36 3.82 0.142 3.85 0.33 3.85 0.143 Sinirli hasar Sinirli Hasar v

Sa: Spektral ivme (cm/s?) Sd: Spektal yerdegistirme (cm)
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5. Bulgular ve degerlendirmeler
5. Findings and evaluations

DBYBHY e gore Misaki Milli okul binasinin kapsamii ve simirlt bilgi diizeylerinde giiclendirilmis durumu
icin yapilan performans analizlerinden CG ve HK performans diizeylerinin sagladigi goriilmektedir. S6z
konusu hedef performans seviyesinin elde edilmesinde yapisal elemanlarda olusan hasar oranlari sirasiyla
Tablo 12 ve Tablo 13’te verilmektedir. Bu tablolardan kapsamli bilgi diizeyine gore yapilan yapisal
coziimlemede CG diizeyinde 17 adet ve HK deprem diizeyinde ise 9 adet gevrek yapisal elemanin olustugu
goriilmektedir. Smurli bilgi diizeyine gore yapilan yapisal ¢oziimlemelerden ise CG deprem diizeyinde 27 adet
ve HK deprem diizeyinde 26 adet gevrek yapisal eleman olugmaktadir. Her iki performans hedefi
degerlendirildiginde tiim yapisal elemanlarin MN hasar bolgesinde oldugu dolayisiyla okul binasinda tiim
yapisal elemanlarin yeterli oldugu goriilmiistiir.

Tablo 12. DBYBHY e gore CG / HK performans deprem diizeylerinde kiris hasar ve kolon kesme kuvveti
ylizdeleri

Table 12. Percentages of beam damage and column shear force at CG / HK performance earthquake levels
according to DBYBHY

Kat Kiris hasar yiizdeleri Kolon kesme kuvveti yiizdeleri
No X X v a4 X X -~ 4
MN BH iH GB MN BH iH GB MN BH iH GB MN BH iH GB MN BH iH GB MN BH iH GB MN BH iH GB MN BH iH GB
3 100 0 0 0 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O
2 100 0 0 0O 100 0 O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O
1 100 0 0 0 100 0 O O 100 0 0O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O

Maks 100 100
MN: Minimum Hasar, BH: Belirgin Hasar, IH: Ileri Hasar ve GB: Gé¢me Bolgesi

Tablo 13. DBYBHY e gore CG / HK performans deprem diizeylerinde alt ve iist kesitlerinde MN bdlgesini
asan kolonlarin kesme kuvveti yiizdeleri

Table 13. Shear force percentages of columns exceeding the MN region in their lower and upper sections at
CG / HK performance earthquake levels according to DBYBHY

X +X Y +Y

Kat No MN BH+IH+GB MN BH+IH+GB MN BH+IH+GB MN BH+IH+GB
3 100 0 100 0 100 0 100 0
2 100 0 100 0 100 0 100 0
1 100 0 100 0 100 0 100 0

Maks 100

Misaki Milli ilkokulunun giiglendirilmis durumu kapsamli ve sinirli bilgi diizeyi i¢in TBDY e gore de analiz
edilmistir. Buna gore yapisal elemanlarda olusan hasar oranlar1 Tablo 14 ve Tablo 15°te verilmektedir. Bu
tablodan da tiim yapisal elemanlarin SH bdlgesinde oldugu ve hedef performans seviyesini sagladigi
gorilmektedir. Ancak gevrek elemanlarin giiglendirilmesi agisindan kapsamli ve smurli bilgi diizeylerinde
farkliliklar ortaya ¢ikmaktadir. Kapsaml bilgi diizeyi i¢in DD1 ve DD3 depremlerinde gevrek elemanlar
bulunmazken, siirli bilgi diizeyinde ise sadece DD1 depreminde 9 adet gevrek yapisal eleman olugsmaktadir.

Tablo 14. TBDY e gore DD1 ve DD3 deprem diizeylerinde kiris hasar ve kolon kesme kuvveti ylizdeleri
Table 14. Percentages of beam damage and column shear force at DD1 and DD3 earthquake levels according
to TBDY

Kiris hasar yiizdeleri Kolon kesme kuvveti yiizdeleri
Kat -X +X -Y +Y -X +X Y +Y
N0 ~SH BH IH GB SH BH IH GB SH BH IH GB SH BH IH GB SH BH IH GB SH BH IH GB SH BH iH GB SH BH iH GB
3 100 0 0 0 100 0 0O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O
2 100 0 0 0 100 0 O O 100 0 O O 100 O O O 100 O O O 100 O O 0 100 O O O 100 O O O
1 100 0 0 0 100 0 O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O 100 O O O

Maks 100 100
SH: Smirh Hasar, BH: Belirgin Hasar, TH: {leri Hasar ve GB: Go¢me Bolgesi
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Tablo 15. TBDY e gore DD1 ve DD3 deprem diizeylerinde alt ve iist kesitlerinde BH bolgesini asan kolonlarin
kesme kuvveti yiizdeleri

Table 15. Shear force percentages of columns exceeding the BH region in their lower and upper sections at
DD1 and DD3 performance earthquake levels according to TBDY

Kat N -X +X -Y +Y
AN S+ BH TH+GB SH + BH iH+GB SH + BH iH+GB SH + BH iH+ GB
3 100 0 100 0 100 0 100 0
2 100 0 100 0 100 0 100 0
1 100 0 100 0 100 0 100 0
Maks 100

Kapsamli bilgi diizeyi i¢in yapilan yapisal analizler sonucunda Misaki Milli ilkokulunun mevcut ve
giiclendirilmis durumlar elde edilen taban kesme kuvveti degerleri ve perde duvarlarin tagima oranlar1 Tablo
16°da ve siirhi bilgi diizeyi igin ise Tablo 17°de verilmektedir. Bu tablolardan hem DBYBHY hem de TBDY’e
gore giiclendirilmis durum icin taban kesme kuvveti ve taban momenti degerlerinin daha fazla oldugu
gorilmektedir. Ayrica giiglendirilmis durum i¢in perde duvarlarin tagima oranlar1 da x ve y dogrultularinda
artmaktadir. Diger taraftan mevcut ve giiclendirilmis durum igin sinirli bilgi diizeyinden elde edilen perde
duvar tasima oranlarinda ve taban kesme kuvvetlerinde kapsamli bilgi diizeyine gore x dogrultusunda azalma
oldugu gorilmektedir.

Tablo 16. DBYBHY’ e gore kapsamli ve smirh bilgi diizeylerinde Misaki Milli ilkokulu mevcut ve
giiclendirilmis durumlar i¢in taban kesme kuvveti oranlari

Table 16. Base shear force ratios for existing and strengthened situations of Misak: Milli primary school at
the comprehensive and limited levels of knowledge according to DBYBHY

Kapsamli Bilgi Diizeyi Sinirh Bilgi Diizeyi
X Dogrultusu Y Dogrultusu X Dogrultusu Y Dogrultusu
Taban Yigisimli Perde tasima Taban Yigisimli Perde tagima Taban Yigisimli Perde tasima Taban Yigisimli Perde tagima
>Vx Vr  oranlar (%) IVy V1 oranlar (%) XVy Vr  oranlan (%) IVy V1  oranlari (%)

Bina Durumu

Deprem
Diizeyi

cG Mevcut durum 694.1 850.2 82 747.7 850.2 88 218.2 849.91 26 753.7 8499 89
Giiclendirilmis 701.2  958.2 73 788 8194 96 702.1 957.80 73 784.2 8184 96

HK Mevcut durum 462.7 566.8 82 4985 566.8 88 1455 566.61 26 502.4 566.6 89
Gii¢lendirilmis 467.4 638.8 73 5254 546.3 96 468.1 638.50 73 522.8 545.6 99

Tablo 17. TBDY e gore kapsamli ve siirl bilgi diizeylerinde Misaki Milli ilkokulu mevcut ve giiglendirilmis
durumlar1 igin taban moment oranlari

Table 17. Base moment ratios for existing and strengthened situations of Misaki Milli primary school at the
comprehensive and limited levels of knowledge according to TBDY

'QS; Kapsamli Bilgi Diizeyi Sirl Bilgi Diizeyi
N
5 X Dogrultusu Y Dogrultusu X Dogrultusu Y Dogrultusu
Bina Durumu 5 5
g Taban Yigisiml Perde Taban Yigisiml Taban Yigisiml perge Taban Yigisiml perge
2 Perde tasima 1 1
& . tasima ————oranlari (%) __~ __  tasima = tasima
A >Mx Mt oranlari (%) ZMx Mt EMx Mt  oranlari (%) XMx Mt oranlari (%)

DD1 Mevcut durum 3552.8 7084.29 50 4921.9 7084.29 69 1107.6 7082.16 16 4938.6 7082.16 70
Gii¢lendirilmis 6077.1 8002.23 76 9563.7 9563.65 100  6040.5 8000.10 75 8000.1 8000.10 100

Mevcut durum 992.1 197824 50  1374.4 197824 69 3093 197765 16 1379 197765 70
3Gﬁ916ndirﬂmi$197o.1 224279 88  2679.6 2679.62 100  1686.8 223398 75 22339223390 100

Misaki Milli ilkokulunun mevcut ve giiglendirilmis durumunun kapsamli ve sinirh bilgi diizeyleri igin
DBYBHY ve TBDY e gore gergeklestirilen performans analizlerinden s6z konusu yonetmeliklerde 6nerilen
deprem seviyelerine gore kolonlarda ve kirislerde olusan toplam plastik mafsal sayilar1 sirastyla Sekil 5 ve
Sekil 6’da verilmektedir. Bu sekillerden s6z konusu okul binasinin giiglendirilmis durumunda olusan plastik
mafsal sayilarinin mevcut durumuna gore 6nemli Glgiide azalma oldugu goriilmektedir. Ayrica sinirli bilgi
diizeyi i¢in kolon ve kirislerde olusan toplam plastik mafsal sayisinda kapsamli bilgi diizeyine goére genel
olarak artis oldugu gozlemlenmistir.
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mKolonlar (Kapsamli) x dogrultusu 79 a7 87 2
mKolonlar (Kapsamli) y dogrultusu 62 67 58 1
m Kolonlar (Sinirli) x dogrultusu 72 74 87 7
Kolonlar (Sinirly) y dogrultusu 67 57 56 1
m Kirigler (Kapsamli) x dogrultusu 106 108 101 26
Kirisler (Kapsamli) y dogrultusu 42 42 42 2
m Kirigler (Smnirl1) x dogrultusu 107 106 103 40
Kirisler (Sinirli) y dogrultusu 42 42 42 2

Sekil 5. Misaki Milli ilkokulu mevcut durumunun x ve y deprem dogrultularinda plastiklesen yapisal
eleman sayilar

Figure 5. Number of structural elements plasticized in x and y earthquake directions of the current situation
of Misaki Milli primary school
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CG HK DD1 DD3
m Kolonlar (Kapsamli) x dogrultusu 25 25 25 6
mKolonlar (Kapsamli) y dogrultusu 3 2 2
mKolonlar (Sinurlt) x dogrultusu 25 25 32 10
Kolonlar (Sinirlr) y dogrultusu 4 4 15
m Kirigler (Kapsamli) x dogrultusu 50 50 48 7
Kirigler (Kapsamli) y dogrultusu 18 14 16
m Kirigler (Sinirly) x dogrultusu 50 50 50 11
Kirigler (Sinirly) y dogrultusu 22 22 16

Sekil 6. Misaki Milli ilkokulunun gii¢lendirilmis durumunun x ve y deprem dogrultularinda plastiklegen
yapisal eleman sayilart

Figure 6. Number of structural elements plasticized in x and y earthquake directions of the strengthened
situation of Misaki Milli primary school

Misaki Milli ilkokulu mevcut ve giiglendirilmis durumlarinin, kapsamli ve sinirh bilgi diizeyleri dikkate
alinarak, gergeklestirilen yapisal ¢6ziimlemeleri sonucu olusan gevrek yapisal elemanlar Tablo 18’de
verilmektedir. Bu tablodan sinirlt bilgi diizeyine, DD3 deprem diizeyi hari¢ diger deprem diizeyleri, gore
yapilan performans analizlerinden daha fazla gevrek yapisal elemanlarin olustugu goriilmektedir. Yapisal
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elemanlarda ortaya ¢ikan gevrek elemanlar tasiyici sisteme eklenen giiclendirme perde duvarlarinda
olusabildigi gibi mevcut yapisal elemanlarda da olusabilmektedir. Yeni eklenen giiclendirme elemanlarinda
gevreklik durumu yatay donati araliklart siklagtirilarak ortadan kaldirilabilirken mevcut tasiyici elemanlarda
ise lokal onarim ya da tastyici sisteme yeni giiclendirme elemanlar1 eklenerek ortadan kaldirilabilmektedir.
Bunlar dikkate alindiginda sinirli bilgi diizeyine gore yapilacak olan giliclendirme ve onarim maliyetinin daha
fazla olacagi ortaya ¢ikmaktadir.

Tablo 18. Giiglendirilmis okul binasinda bilgi diizeylerine gore gevrek eleman
sayilari

Table 18. The number of brittle elements as to their knowledge levels in the
strengthened school building

Deprem Gevrek Eleman Sayilar
Diizeyleri Kapsamh Bilgi Diizeyi  Simirh Bilgi Diizeyi
CG 17 27
HK 9 26
DD1 - 9
DD3 - -

Misaki Milli ilkokulunun TBDY’e gore hazirlanan giiglendirme projesinin giiclendirme maliyetinin hesabi
OSKA programi yardimiyla yapilmigtir (OSKA, 2022). S6z konusu okul binasinin metraj ve yaklagik maliyet
hesabinda 2021 yil1 birim fiyatlar1 kullanilmistir. Misaki Milli ilkokulunun kaba insaat gii¢clendirme maliyeti,
yap1 yaklasik maliyeti vb. hesaplar Tablo 19’da verilmektedir. Ayrica s6z konusu okul binasinin yapim yilina
gore bina maliyet oran1 (Mutlu, 2015) belirlenerek yapr yaklagik maliyetinin de bu oran ile garpilmasi
gerekmektedir (bkz. Tablo 20). Sonu¢ olarak Misaki Milli ilkokulu giiclendirme maliyeti, yap1 yaklasik
maliyeti ile kiyaslandiginda giliglendirme maliyetinin daha diisiik oldugu goriilmektedir.

Tablo 19. TBDY e gore Misaki Milli ilkokulu kaba ingaat giiglendirme maliyeti
Table 19. Misaki Millil Primary school rough construction strengthened cost according to TBDY

Misaki Milli flkokulu Maliyet Hesabi Gii¢lendirme Maliyeti / Yaklasik . .
(2021) Maliyet Fayda — Maliyet Analizi
Toplam Alan (m?) 1793
Yaklasik Maliyet (b) 2438480 . . .
Maliyet Orani (%) 49 %39 Guglenc}lllrme lMahycitl daha
YM*MO (b) 1194855.2 az hesaplanmigtir.
Gii¢lendirme Maliyeti (b) 969568.74

Tablo 20. Misaki Milli ilkokulunun bina yagi-maliyet orani iligkisi
Table 20. Age-cost ratio relationship of Misaki Milli primary school

Binanin Yas1 Maliyet Orani (%)

50 0
40 16

30 32

25 40

20 48

10 64

5 72

1 78

6. Sonuclar ve oneriler
6. Conclusions and recommendations

Misaki Milli ilkokulunun mevcut ve giiglendirilmis durumunun DBYBHY ve TBDY yonetmeliklerine gore
gergeklestirilen performans analizlerinden elde edilen sonuglar Tablo 21°de verilmektedir.
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Tablo 21. Misaki Milli ilkokulu mevcut ve gii¢lendirilmis durumlari igin performans analizi sonuglar
Table 21. Performance analysis results for Misaki Milli primary school current and strengthened situations

Analiz Deprem  Hesap Hedef Sonug¢ Performans Aciklama
Tiirii Diizeyi Yéntemi Performans Mevcut Durum Giiclendirilmis Durum Mevcut Durum Giiclendirilmis Durum

Itme DBYBHY Hedef performans Hedef performans saglanmistir

analizi  1=1,5 ok modlu G Gogme durumu HK saglanamamustir (Gevrek elemanlar bulunmaktadur)
itme DBYBHY . Hedef performans Hedef performans saglanmistir
analizi 1=1 Gok modlu HK Gogme durumu HK saglanamamigtir (Gevrek elemanlar bulunmaktadir)
ltme. TBDY Tek modiu KH Gogme durumu SH Hetilef performans Hedef performans saglanmistir
analizi DD1 saglanamamigtir
itme TBDY Hedef performans g
analizi  DD3 Tek modlu SH SH SH saglanmistir Hedef performans saglanmistir
Bu tablodan;

1. Misaki Milli ilkokulunun mevcut durumu i¢in DBYBHY e gore CG deprem diizeyine gore gergeklestirilen
yapisal c¢oziimlemelerden hedef performans seviyesinin saglanamadigi ve HK deprem diizeyine gore
gergeklestirilen yapisal ¢oziimlemelerden de Gé¢me Durumu performans sonucu elde edildigi
goriilmektedir. Elde edilen bu sonu¢ DBYBHY ’e gore Misaki Milli ilkokulunun giiclendirilmesi gerektigini
ortaya koymaktadir.

2. Misaki Milli ilkokulunun mevcut durumu i¢in TBDY’e gore DD1 depremine gore gerceklestirilen yapisal
coziimlemelerden Gd¢me Durumu performans sonucu elde edildigi ve DD3 depremine gore ise SH
performans seviyesi elde edildigi dolayisiyla DD3 deprem diizeyi i¢in hedef performansin saglandigi
gorlilmektedir. Ancak DD1 deprem diizeyinde hedef performans seviyesi saglanamadigindan TBDY’e gore
Misaki Milli ilkokulunun giiglendirilmesi gerekmektedir.

3. Misaki Milli ilkokulunun giiglendirilmis durumunun DBYBHY’e gore gergeklestirilen yapisal
coziimlemelerden dikkate alinan her iki deprem diizeyi icin de hedef performans seviyelerinin saglandigi
ancak CG seviyesinde 17 adet ve HK seviyesinde ise 9 adet gevrek yapisal eleman bulundugu dolaysiyla
bunlarin giiclendirilerek siinek davranis saglanmasi gerektigi goriilmektedir.

4. Giiglendirilmis Misaki1 Milli ilkokulunun TBDY ’ye gore gergeklestirilen yapisal ¢dziimlemelerden DD1 ve
DD3 deprem diizeyleri i¢in hedef performans seviyelerinin saglandigi goriilmektedir.

Bu tablodan elde edilen sonuglara ek olarak yapisal sistem davranisi her iki ydnetmelige gore
degerlendirildiginde asagidaki sonuglar elde edilmektedir.

Misaki Milli ilkokuluna x ve y dogrultularinda gii¢lendirme amaciyla perde duvarlar ilave edildiginden her iki
dogrultuda da perde duvarlarin kesme kuvvetini tasima oranlar1 biiyiik bir artig goriilmektedir.

Giiglendirilmis Misaki Milli ilkokulunun bu ¢alismada dikkate alinan deprem diizeyleri igin plastik mafsal
olusan yapisal elemanlarinin sayist mevcut duruma gore azalmaktadir. Bu durum tasiyict siteme etkiyen
deprem kuvvetlerinin biiylik bir kisminmin giliglendirme amaciyla ilave edilen perde duvarlar tarafindan
karsilanarak mevcut yapisal elemanlarin daha az zorlanmasi olarak agiklanabilmektedir.

Misaki Milli ilkokulunun giiclendirme maliyeti 969568.74 b olarak hesaplanmaktadir. Ayrica Misaki Milli
ilkokulunun %49’luk yap1 yaklasik maliyeti 1194855.2 b olarak elde edilmistir. Sonug olarak Misaki Milli
ilkokulu i¢in gii¢lendirme tercihi rasyonel bir segim olmaktadir.

Misaki Milli ilkokulu gii¢lendirilmis durumu i¢in hem DBYBHY hem de TBDY’ye gore hedef performans
seviyesi saglanmakta, ancak DBYBHY’e gore soz konusu okul binasinda gevrek yapisal elemanlar
bulunmaktadir. Elde edilen bu sonu¢ Misaki Milli ilkokulunun DBYBHY e gore giiglendirme maliyetinin
TBDY’ye gore daha fazla oldugu ortaya koymaktadir.

Yapisal ¢oziimlemelerden DBYBHY’den elde edilen sonuglarin TBDY e gore elde edilenlerden daha agir
oldugu goriilmektedir. Bu durum DBYBHY ’deki 50 yilda asilma olasilig1 %2 ve %10 olan deprem diizeyleri
olustugu buna karsin TBDY’de ise 50 yilda agilma olasiligi %2 ve %50 olan diizeylerinden olustugu
dolayisiyla TBDY’de dikkate alinan deprem diizeylerinden birinin daha az siddete sahip olmasi ile
aciklanabilir. Ayrica DBYBHY ’de CG depremi igin bina 6nem katsayis1 (I) 1.5 almmirken TBDY’de CG
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depreminin esdegeri olan DD1 depremi i¢in I=1 olarak alinmaktadir. Bu nedenle CG deprem diizeyinde
deprem kuvvetleri yapisal sisteme 1.5 kat daha fazla etki etmektedir.

DBYBHY ve TBDY kiyaslandiginda; DBYBHY ’de farkli deprem boélgeleri bulunurken buna bagh olan etkin
ivme katsayisi (Ao) s6z konusu bolgede her yerde esit olarak alinmaktadir. TBDY de ise deprem bolgeleri
yerine yapinin bulundugu yer icin zemin siniflarina bagli olarak spektral ivme degerleri elde edilmektedir. Bu
husus tastyici sisteme etki eden deprem kuvvetlerini etkilemekte dolayisiyla elde edilen sonuglarda farkliliklar
olusturmaktadir.

Yapisal ¢oziimlemelerden elde edilen bulgular TBDY nin DBYBHY e gore daha kapsamli, daha ekonomik
ve daha ger¢ekei sonuglar verdigini ortaya koymaktadir. Ciinkii TBDY de malzeme dayanimlari (beton ve
donati) gergege daha yakin olarak dikkate alinabilmektedir. Yazarlar betonarme binalarin giiclendirilmesinde
2019 Tiirkiye Deprem Yonetmeliginin (TBDY) daha rasyonel olacagini dnermektedirler.
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Abstract

The increase in global energy consumption and carbon dioxide emissions increase the interest in renewable energy
sources. Solar energy is at the forefront of renewable energy sources, and the decrease in cell efficiency due to various
reasons during operation is an obstacle to this technology. Increasing the temperature of photovoltaic cells during
operation causes a decrease in cell efficiency. Control of photovoltaic cells temperature is crucial in terms of both
prolonging the economic life of the cells and increasing the efficiency of the system. The effect of the evaporator inlet
and outlet position of the fluid on the heat transfer is known, but this effect was not examined in the studies carried out
to increase the efficiency of the PV-T (photovoltaic-thermal) system. In the current study, the system efficiency
parameters and COP (coefficient of performance) values of a PV-T evaporator cooled by forced air circulation were
investigated by CFD (computational fluid dynamics) analysis. The analyzes were carried out in a single array for three
different flow rates (0.0125 kg/s, 0.0250 kg/s, 0.0500 kg/s) and nine different evaporator inlet-outlet positions (CC, CL,
CR, RC, RL, RR, LC, LL, LR), constant radiation of 1000 W/m?. It was determined that there is a total efficiency
difference of over 20% and an overall COP difference of over 25% between the best and worst inlet-outlet positions. The
highest total and thermal efficiency were obtained for the RR condition, and the highest electrical efficiency was obtained
for the LR condition but in the long-term, the highest efficiency can be achieved with the LC design. In the study also the
highest COP values were calculated for the CL condition and the worst COP values for the RR condition.

Keywords: CFD, COP, Electrical efficiency, Photovoltaic thermal collectors, Thermal efficiency

(04

Kiiresel enerji tiiketimindeki ve karbondioksit emisyonlarindaki artis, yenilenebilir enerji kaynaklarina olan ilgiyi
artirmaktadir. Yenilenebilir enerji kaynaklarmmin basinda giines enerjisi gelmektedir ve ¢alisma esnasinda ¢esitli
sebeplerle hiicre verimliliginin diismesi bu teknolojinin dniindeki engeldir. Fotovoltaik hiicrelerin ¢alisma sirasinda
sicakliginin artmasi hiicre veriminin diismesine neden olmaktadir. Fotovoltaik hiicre sicakliginin kontrolii hem hiicrelerin
ekonomik omriinii uzatmak hem de sistemin verimini artirmak agisindan ¢ok onemlidir. Akiskanin buharlastiriciya girig
ve ¢ikis konumunun 1s1 transferine etkisi bilinmektedir ancak PV-T (fotovoltaik-termal) sisteminin verimini artirmak igin
yiiriitiilen ¢alismalarda bu etki incelenmemistir. Bu c¢alismada, cebri hava sirkiilasyonu ile sogutulan bir PV-T
evaporatoriin sistem verimlilik parametreleri ve COP (performans katsayisi) degerleri, HAD (hesaplamall akigkanlar
dinamigi) analizi ile incelenmistir. Analizler, tek dizide, ii¢ farkli debide (0.0125 kg/s, 0.0250 kg/s, 0.0500 kg/s), dokuz
farkl buharlastiriciya giris-¢ikis pozisyonu (CC, CL, CR, RC, RL, RR, LC, LL, LR) ve 1000 W/m2 sabit radyasyon igin
yiirtitiilmiistiir. En iyi ve en kotii girig-¢ikis konumlart arasinda %20 nin tizerinde bir toplam verimlilik farki ve %25'in
tizerinde bir genel COP farki oldugu belirlenmistir. En yiiksek toplam ve termal verim RR kosulu igin, en yiiksek elektriksel
verim LR kosulu igin elde edilmistir ancak uzun vadede en yiiksek verim LC tasarimi ile elde edilebilmektedir. Calismada
ayrica CL kosulu igin en yiiksek COP degerleri ve RR kosulu i¢in en kotii COP degerleri hesaplanmustir.

Anahtar kelimeler: HAD, COP, Elektriksel verim, Fotovoltaik termal sistem, Termal verim
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1. Introduction

In the last two centuries, factors such as industrialization, urbanization, and human population growth cause
an upsurge in global energy consumption. Nowadays, 80% of the global energy demand is provided by fossil
fuels and it is expected to increase by 48% in the next 20 years (Moodley, 2021). As a result of fossil fuels
combustion, which is a non-renewable energy source and contains high levels of carbon, harmful and polluting
gases such as carbon dioxide, carbon monoxide, nitrogen, sulfur oxide are released and mixed with the
atmosphere. The approximately two-fold increase in atmospheric carbon dioxide concentration in the last
century caused the world temperature to increase by more than 1 °C (Morice et al., 2012; Ritchie & Roser,
2020). The increase in atmospheric carbon dioxide levels causes an increase in the greenhouse effect and global
warming. The biggest source of sector-based global greenhouse gas emissions is energy consumption (Ritchie
& Roser, 2020). Due to global warming, the life of all living things in the world is in danger, and many plant
and animal species are in danger of extinction. For a cleaner environment and a more livable world, energy
sources must be converted to renewable energy sources. Currently, the most used renewable energy sources
are solar, wind, geothermal, bio-power, and hydropower. Solar power is the most abundant and the cleanest
renewable energy source in use around the world and is becoming increasingly popular for generating
electricity.

Solar energy is based on the principle of converting the energy carried by photons from the sun into electrical
energy with photovoltaic systems. The essential energy range for photovoltaic cells to generate voltage is O-
1.12 eV (Masters, 2004). Therefore, PV (photovoltaic) systems can convert a limited part of the radiation
coming to its surface into electrical energy. The photon above this energy range is stored as heat in the system
and causes a decrease in system efficiency and materials lifespan (Kandilli et al., 2013; Omeroglu, 2018). On
the other hand, PV-T systems eliminate these disadvantages in PV systems, remove the heat load above the
energy level from the system and enable it to be used as thermal energy. Although PV-T systems are a good
method for converting solar energy, their efficiency decreases due to reflection (15%), absorption (5%), and
poor insulation (~45%) (Rahman et al., 2018). Many studies were carried out in the literature to eliminate these
losses.

Abdullah et. al. (2019) reported that researches on channel/collector depth (Delfani et al., 2019) and length
(Do Ango et al., 2013), number of collectors (Zadeh et al., 2015), solar tracking system (Rizk & Chaiko, 2008),
absorber plate design parameters (tube diameter (Kim & Seo, 2007), tube spacing (Ghamari & Worth, 1992),
fin thickness (Pottler et al., 1999)), booster diffuse reflector (Tripanagnostopoulos et al., 2002), collector tilt
angle (Handoyo & Ichsani, 2013), PV module type (Jiang et al., 2011), glass thickness (Bakari et al., 2014),
glazing material (Dondapati et al., 2018), anti-reflective coating (Ali et al., 2014), riser-header configuration
(Zwalnan et al., 2021), riser location (Ekramian et al., 2014), thermal conductivity of tedlar (Koech et al.,
2012), thermal insulation (Kehrer et al., 2003), absorber material (Kennedy, 2002), absorber thickness (Belaidi
et al., 2008), fins (Ozakin et al., 2020), multi-inlet (Hassan & Abo-Elfadl, 2018), PV cell material (Dhass et
al., 2020), solar radiation (Hamrouni et al., 2008), relative humidity (Ettah et al., 2012), wind speed (Ozakin
& Kaya, 2019), ambient temperature (Alshawaf et al., 2020), accumulated dust (Adinoyi & Said, 2013), mass
flow rate (Yakut, 2021), thermal resistance (Zondag, 2008), inlet and outlet temperatures (Richert et al., 2015),
heat loss coefficient (Sekhar et al., 2009), heat removal factor (Malvi et al., 2017), packing factor (Ji et al.,
2006), and effect of fan (Arslan et al., 2020) were carried out in the literature to improve the performance of
solar systems (Abdullah et al., 2019). In addition to all these effects, the effects of parameters such as fluid
type (Atmaca & Pektemir, 2020), absorber plate (Atmaca & Pektemir, 2019a) and glass cover properties
(Atmaca & Akiskalioglu, 2020) on the efficiency of PV-T systems were investigated. Although the effects of
many parameters were examined in these studies, the effect of fluid inlet and outlet positions on system
performance was not examined. However, the decrease in the operating temperatures of photovoltaic systems
increases the cell efficiency and the fluid inlet-outlet positions are effective on heat transfer (Chein & Chen,
2009; Fesharaki et al., 2011). In this study, the effect of the input and output positions of the fluid to the solar
collector was investigated numerically.

The effect of many parameters examined in studies on solar systems can be determined numerically, but the
effect of constantly changing environmental conditions such as relative humidity, solar radiation, ambient
temperature, wind speed, and accumulated dust cannot be determined (Abdullah et al., 2019). Moreover, solar
system efficiency decreases in long-term because photovoltaic cells are exposed to sunlight for a long time
(Chegaar et al., 2004; Cuce & Cuce, 2014; Cuce et al., 2013; Du et al., 2012). Therefore, it is difficult to
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determine the system efficiency with high numerical accuracy. These effects should be taken into account
when determining the amortization periods of solar systems (Ozakin et al., 2020). Numerical analyzes provide
more economical solutions in a short time compared to experimental studies although there are many
uncertainties in the numerical determination of the efficiency of solar systems. Another advantage of numerical
analysis is that the variables on the system can be adapted much more easily than the experimental process. In
addition, analytically difficult or impossible problems are solved easily. For this reason, CFD is crucial to
calculate with high accuracy the effects of operating and basic design parameters on solar system performance
(Kalkan et al., 2019).

In the literature, most of the numerical studies are 1D or 2D studies with low computational performance, and
erroneous predictions are made because PV temperature is neglected in the airflow direction (Kalkan et al.,
2019). In the current study, a steady-state 3D numerical model was developed in the ANSYS-FLUENT
program, and in-line array heat sinks were used to evaluate the heat transfer properties of a PV-T system. The
present study is the first in the literature to examine the effect of fluid inlet - outlet position on PV-T panel
performance. Numerical simulations are carried out to determine the effect of operating conditions (mass flow
rate), and design parameters of the PV-T system (evaporator inlet-outlet position). Analysis results are
presented the total, thermal and electrical efficiency of the PV-T evaporator, thermal and overall coefficient of
performance, temperature and velocity contours.

2. Computational model

The numerical model simulated and analyzed in ANSYS Fluent program to determine the effect of input-
output position on PV-T system performance is shown in Figure 1. Since the PV evaporator (1.6x1 m)
geometry is suitable for symmetrical modeling, a semi-symmetrical model was created. The advantage of the
symmetric model over the full model is that it allows more grids to be created on the geometry and to be
calculated in a shorter time.

Figure 1. (a) Solid geometry, (b) Mesh structure of PV evaporator

Air was used as the fluid in the study because of its low corrosive character (Atmaca & Pektemir, 2019b). In
the current study, snowflake heat sinks were used to remove the heat from the evaporator. The variables of the
heat sinks in the numerical study are given in Figure 2.

PV-T evaporator solid model was generated in nine evaporator inlet — outlet position (CC, RC, LC, CR, RR,
LR, CL, RL, LL). The part shown with the dashed line in Figure 3 is the symmetry axis, thus the inlet-outlet
from the left part is from the middle of the whole evaporator. The names of the input and output positions are
abbreviated as shown in Figure 3.
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Figure 2. Snowflake heat sink
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Grid quality is significant for convergence of analyzes. Although there are many grid quality parameters, the
most important parameters are skewness, aspect ratio and orthogonal quality. In the numerical analysis, it is
not desired for the aspect ratio to exceed 20, for the skewness value to approach 1, and for the orthogonal
guality to approach 0 (Ansys, 2009). Grid quality increases with increasing grid number, but not always. In
addition, the increase in the number of grids causes an increase in the solution times and a heavy load on the
processor. For this reason, it is necessary to perform grid independence analyzes in numerical analysis. In the
current study, grid independence analyzes were performed for the model and optimum grid number was
determined as 587104. Table 1 shows the mesh qualities and the results obtained in the grid independence

studies.
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Table 1. Grid independence analyzes results

Mesh | Mesh 11 Mesh 111 Mesh IV
Number of Elements 314982 587104 930614 1589264
Aspect Ratio 3.05 2.46 2.23 2.00
Skewness 0.51 0.41 0.37 0.29
Orthogonal Quality 0.48 0.59 0.63 0.71
Mean Velocity in Channel 2.88 3.24 3.24 3.4
Temperature 318 316 317 316

The realizable k — £ model exhibits high-performance for strong streamline curvature, rotation, and vortex
flows compared to other methods (Fluent, 2013). Therefore, k — € model was used as the turbulence model.
Enhanced wall treatment was used as near-wall treatment option. The convergence criterion was set at 10 for
energy equation, and 1000 iterations were applied to converge. The boundary conditions of the numerical
model are shown in Table 2.

Table 2. Boundary conditions

Model Symmetry

Fluid Air

Heat Flux (W/m?) 1000

Flow Rate (kg/s) 0.0125-0.0250-0.0500
Outlet Pressure outlet
Number of Iterations 1000

Number of Grids ~ 600000

3. Calculations

3.1. Governing equations

Three-dimensional continuity, energy and momentum equations for steady state turbulent flow in Cartesian
coordinates are solved in ANSYS Fluent program. These conservation equations are defined below (Ansys,
2009; Yang & Peng, 2009).

Continuity equation

apﬁl
aXi

=0 ¢y

Momentum equation

_ow_ op, 9 (om om, -
pu] aX] - aXi aX] He aX] aXi

Energy equation

_ 0T 0 [/ e oT

PY; 0% B 0% (01 * ot) 0% 3)
Transport equation for k

_ 0k 0 (p ok N ou; +6ﬁ,— ou; 4
PY; 0x;  0x; \ Ok 0X; & 0x; = 0x; ) 0x; € )
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Transport equation for €
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The constants in the equations are turbulent viscosity (u), kinetic energy (k), dissipation rate (€). oy and o,
are turbulent Prandtl number for k and epsilon, respectively. The values of the empirical constants (C,, Cy, C;)
in the equation are oy = 1.0,0, = 1.3,C, = 0.09,C; = 1.44,C; = 1.92.

3.2. Efficiency calculations

For the calculation and design of today's modern engineering structures, many computer programs have been
developed that enable the transfer of results to application projects in an integrated manner and facilitate data
transfer. In this study, Seismostruct software was used (Seismosoft, 2022). While determining the effect of
local soil conditions on structural performance, an 8-storey reinforced concrete structure was chosen. As an
example, the floor plan of a reinforced concrete building is shown in Figure 3. There are four spans in both the
X and Y directions and each span is chosen as 4 m.

The total efficiency of a PV-T system (npyr) is equal to the sum of the electrical efficiency (npy) and the
thermal efficiency (n), and is expressed as follows:

Npvt = Npv + N1 (6)
The thermal efficiency of the PV-T system (n7) is stated as

Qa

~ Apy X1

nr @)

Apy, and I are collector area and radiation, respectively. Q, is the heat absorbed by the evaporator and is
expressed as the difference between the thermal power of the heat transfer fluid at the inlet and outlet of the
collector as follows (Alessandro et al., 2021)

Q.= r'ncp(To - Ti) (8)

where m, Cp, T,, and T; respectively represent mass flow rate, specific heat of fluid, outlet and inlet fluid
temperatures.

The electrical efficiency of PV cells (npy) can be defined by the following expression.

Vmax X Imax

= _max 7 max ©)

Npv Apy X 1
Vinax and I,.« represent maximum voltage and maximum current, respectively. The present study was carried
out numerically and it is not possible to determine the voltage and current values for the PV-T system.
Therefore, the following equation developed by Evans (Evans, 1981) was used to determine the electrical
efficiency of the PV cells (npy).

Npy = Nref[1 — B(Tpy — Trer)] (10)

where 1. IS the reference efficiency (nqer = 0.12) under standard conditions. In this study, the standard
conditions are 1000 W/m? and 25 °C. B is the thermal coefficient for cell efficiency and here the value
determined for silicon cells (B = 0.00045/K) is taken (Joshi et al., 2009; Nahar et al., 2017). Tpy and Tpq¢
respectively represent cell and reference temperature.
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3.3. COP calculations

The thermal coefficient of performance (COPy) for the PV-T system was calculated from the equation below.
COPy = Q (11)
Qc

Q4 and Qc represent the heat absorbed by the evaporator and power consumption of the PV-T system,
respectively. Classic heat pump only generates heat, Therefore COP is calculated by Eq. 11, but photovoltaic
heat pump can produce electricity (Qpy) in addition to heat, therefore the overall coefficient of performance
for the PVT system (COPpy) is defined by the following equation (Lu et al., 2019; Song et al., 2021; Zhang
et al., 2014; Zhou et al., 2016). In the current study, the Qpy and Q. values were obtained from the study
conducted in literature (Lu et al., 2019).

Qa + Qpy/0.38

COPPVT = Q
C

(12)

4. Results
4.1. Evaporator inlet — outlet position contours

Figure 4 shows the temperature and velocity contours of nine different evaporator inlet-outlet locations at a
flow rate of 0.025 kg/s. Similar velocity and temperature distributions were obtained at other flow rates, thus
only the velocity and temperature distributions at 0.025 kg/s flow rate are presented. It is seen in the figure that
the most homogeneous velocity distribution is in LL. In this case, the fluid passed through almost every space
with equal flow and caused a flow with a homogeneous velocity distribution, without high-speed flow along
the channel. The homogeneity of the flow is important both in terms of preventing the formation of high-
temperature zones on the panel and in preventing the abrasion of the fins in long-term use. It is seen that the
flow of the fluid from the left side ensures a more controlled and homogeneous flow of the fluid. In cases
where the fluid enters from the center, it is seen that the flow velocity is very high on the main channel.
Although this situation is well reflected in the temperature contours, it will cause wear of the heat sinks and
cavitation in long-term use. In the conditions where the fluid enters from the center and the outlet is on the
right and left, it is seen that there is almost no flow in the opposite direction of the outlet. For this reason, the
surface temperature increased in these regions where there is no flow. In cases where the fluid enters from the
right, it is seen that the fluid reaches some areas on the left side of the channel very little and some areas do
not reach it at all. This causes the flow rate to be very high on the right side and very low on the left side, and
because the fluid does not reach the left side of the panel, it causes the formation of high-temperature contours.

It is seen in the Figure 4 that the most homogeneous temperature distribution is at CC. In CR and CL, the
temperature distribution is similar and the mean surface temperature is very close to each other. It is seen that
high-temperature regions do not occur with the inlet of the fluid from the left side. In the cases where the fluid
enters from the left side, the temperature distributions are very similar, but the minimum mean surface
temperature was LR. It is seen that the flow of the fluid from the right side prevents homogeneous temperature
distribution. This is because the fluid enters from the right side and cannot reach the left side due to the structure
of the fins. The highest temperature region was formed in the RR. In this case, the fluid is confined to the right
side only, thus the left side is not sufficiently cooled. According to the temperature contours obtained as a
result of the analysis, it can be said that since high-temperature zones are not formed in the CC, LC, LR, LL
designs, it can enable the photovoltaic cells to work for a long-term at the optimum operating temperature.
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Figure 4. Temperature contours and velocity vectors for a flow rate of 0.025 kg/s
4.2. Efficiency results

Figure 5 presents the thermal, electrical and total efficiency of the PV system. The figure clearly shows the
effects of the evaporator inlet and outlet position of the fluid on the efficiency. In all three flow rates, the
highest total and thermal efficiency were obtained for the RR condition, and the highest electrical efficiency
was obtained for the LR condition. Total and thermal efficiency remained almost the same except for the CC
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flow condition. The electrical efficiency increased with the increase in flow rate. Between the minimum and
maximum flow rate, there was an increase in electrical efficiency of 25-30%. The decrease in mean surface
temperature resulted in an increase in electrical efficiency. It has been determined that the effect of the
evaporator inlet and outlet position of the fluid on the electrical efficiency is greater at low flow rates, while
the effect decreases as the mean surface temperatures close to each other with the increase in flow rate. Since
the thermal efficiency is higher in the cases where the fluid enters from the right and the electrical efficiency
of the PV cells is limited, it has ensured that the total efficiency is higher than other conditions. However,
considering the temperature and velocity contours presented in Figure 4, the flow of the fluid from the right-
side causes both the unbalanced flow in the panel and the formation of high-temperature zones. For this reason,
although the inflow of the fluid from the right side ensures that the thermal efficiency of the system is high in
the short term, it will cause both the evaporator elements to wear faster in the long-term and the efficiency of
the PV cells, which are constantly exposed to high temperatures, to decrease much more. Although the
efficiency of the CC design increases with the increasing flow rate and provides homogeneous heat
distribution, it will cause wear of the evaporator elements in the long-term due to the fact that the fluid reaches
very high velocities in some areas in the channel. Therefore, in the long-term, the highest efficiency can be
achieved with the LC design.
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Figure 5. The effect of the evaporator inlet and outlet position on thermal, electrical, and total efficiency
for a flow rate of (a) 0.0125 kg/s (b) 0.0250 kg/s (c) 0.0500 kg/s

4.3. COP results

Figure 6 shows the variation of the thermal and overall coefficient of performance of the system with increasing
flow rate and evaporator inlet-outlet position. The results showed that the evaporator inlet and outlet position
of the fluid affects the COP values. It was observed that the changes in thermal and overall COP values were
similar to each other. It was determined that the difference between the highest and lowest thermal and overall
COP values was around 25% in all three flow rates. Similar results were obtained for all three flow rates under
all conditions except the CC condition. It has been observed that the COP calculated in the CC design decreases
with the increase in flow rate. The highest COP values were calculated for the CL condition and the worst
COP values for the RR condition. The results showed that the central entry of the fluid is a good way to achieve
high COP values. Although LC was determined as the best design when the efficiencies and temperature—
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velocity contours were evaluated, it was observed that the COP values were low. When evaluated together
with COP values and temperature—velocity contours, it is seen that the most efficient design is the CL design,
although it includes high temperature contours.
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Figure 6. The effect of the evaporator inlet and outlet position on the COP values for a flow rate of (a) 0.0125
kg/s (b) 0.0250 kg/s (c) 0.0500 kg/s

5. Discussion and conclusions

Although the effect of many parameters to increase the efficiency of PV-T systems are examined in the
literature, the effect of the evaporator inlet and outlet positions of the fluid in the PV-T evaporator is not
examined. Present paper has a significant reference value for related studies. In the present numerical study,
the effect of fluid inlet and outlet positions on PV-T system performance was investigated at three flow rates.
The following conclusions could be drawn:

- The velocity and temperature contours showed that the evaporator inlet and outlet positions of the fluid
have a crucial effect on the flow and temperature characteristics. In the ideal PV-T evaporator; (1) the fluid
should pass through all channels, (1) there should be homogeneous velocity distribution, and (111) high-
temperature zones should not occur. The fact that the flow is not homogeneous causes both the fluid to
flow at a high velocity in a certain region and the temperature to increase in places where there is no flow.
High temperature causes the efficiency of the PV cells to decrease in the long term, and the high velocity
causes the evaporator elements to wear out over time.

- Asaresult of the analysis, the lowest surface temperature was reached in the LR condition. Analysis results
show that the entrance of the fluid from the left side has a positive effect on the heat transfer, but when it
enters from the right side, it affects the heat transfer badly since it cannot reach the left side of the
evaporator.

- According to the velocity contours obtained as a result of the analysis, the most homogeneous velocity
distribution was obtained in the LL state. It has been observed that when the fluid enters from the left side,
flow occurs from almost every channel, and when it enters from the right side, the fluid cannot reach the
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left side. When the fluid enters from the center, it has been observed that it reaches very high velocities on
the mainline.

- Inall three flow rates, the highest total and thermal efficiency were obtained for the RR condition, and the
highest electrical efficiency was obtained for the LR condition. However, since the most homogeneous
velocity and temperature conditions are provided by the LC condition, both velocity and temperature-
related wear can be kept at a minimum in the long run and the highest efficiency can be obtained.

- It was determined that the difference between the highest and lowest thermal and overall COP values was
around 25% in all three flow rates. The highest COP values were calculated for the CL condition and the
worst COP values for the RR condition. The results showed that the central entry of the fluid is a good
way to achieve high COP values.

In future work,

This study, in which the effect of evaporator inlet and outlet position on efficiency and COP is determined
numerically, will be carried out experimentally. The effect of inlet and outlet dimensions in the experimental
set to be established will also be examined.
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Oz

Bu calisgmada, Dogu Pontidler’ in Kuzey Zonunda Trabzon ili sinirlarinda Kopriiyan1 mevkiindeki Fe-Cu skarn
cevherlesmesinin; jeolojisi, petrografisi, cevher mikroskobisi 6zellikleri ve mineral kimyasi igeriklerinin belirlenmesi
amaglanmistir. Kopriiyani cevherlesme sahasinda, aktinolit, tremolit, pirit, kalkopirit, manyetit ve malakit mineralleri ile
kirik catlak zonlart boyunca gelismis limonitlesme, hematitlesme kloritlesme ve epidotlagsma tiirii alterasyonlar
gozlenmektedir. Manyetit minerallerinin genellikle kalkopirit, pirit ve granat ile birlikte bulundugu, TiO> igeriklerinin
¢ok diisiik (%0,02-1.02) oldugu buna karsilik FeO! igeriklerinin ise %83,13-92,00 arasinda degistigi belirlenmistir.
Manyetit ile beraber bulunan ve ekzoskarn zonunda yer alan kalkopirit minerallerinin Cu igeriginin %33,50-43,27 ve Fe
icerigi %29,84-39,11 arasinda degistigi belirlenmistir. Epidot minerallerinin Al igeriklerinin yiiksek (2.06-2.46), Mn
iceriklerinin diisiik (0.01-0.03) ve Fe*? iceriklerinin ise nispeten yiiksek (0.59-0.96) oldugu belirlenmistir. Al bakimindan
zengin olan epidotlarin tiiriiniin ise klinozoisit oldugu tespit edilmistir. Granat tiirleri agirlikli olarak andradit ve grossular-
andradittir. Cevher mikroskobisi ve mineral kimyasi ¢alismalar1 kapsaminda derlenen verilere bagh olarak, Kopriiyani
cevherlesmesinin Fe-Cu skarn tipinde oldugu ve boélgede var olan skarn cevherlesmelerinin parajenez, siikksesyon ve
mineral kimyasi verileri ile benzerlik gdsterdigi sonucuna ulasilmastir.

Anahtar kelimeler: Epidot, Granat, Kopriiyani, Mineral kimyasi, Skarn

Abstract

In this study, it is aimed to determine the geology, petrography, ore microscopy properties and mineral chemistry content
of Fe-Cu skarn mineralization in Kopriiyani locality within the borders of Trabzon province in the Northern Zone of the
Eastern Pontides. Actinolite, tremolite, pyrite, chalcopyrite, magnetite and malachite minerals; and limonitization,
hematitization, chloritization and epidotization type alterations developed along the fractured crack zones are observed
in the Kopriiyam mineralization area. Magnetite minerals are generally found together with chalcopyrite, pyrite and
garnet, TiO, contents are very low (0.02-1.02%), whereas FeQ! contents vary between 83.13-92.00%. It has been
determined that the Cu content of the chalcopyrite minerals found together with magnetite and located in the exoskarn
zone varies between 33.50-43.27% and the Fe content varies between 29.84-39.11%. It was determined that Al contents
of epidote minerals were high (2.06-2.46), Mn contents were low (0.01-0.03) and Fe* contents were relatively high (0.59-
0.96). It has been determined that the type of epidotes rich in Al is clinozoisite. Garnet species are predominantly
andradite and grossular-andradite. Based on the data compiled within the scope of ore microscopy and mineral chemistry
studies, it was concluded that Kopriiyant mineralization is of Fe-Cu type and shows similar features in paragenesis,
succession and mineral chemistry data when compared to that of the existing skarn mineralizations in the region.
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1. Giris
1. Introduction

Alpin Orojenezi etkisi ile olusmus Dogu Pontid Metalojenik Kusagi cevherlesme agisindan zengin bir alan
konumunda olup bir¢ok farkli tiir cevherlesmeye ev sahipligi yapmaktadir. Calisma alaninin i¢cinde yer aldig1
Dogu Pontidlerin Kuzey zonu da Au ve Ag gibi degerli metallerin yani sira Cu, Pb ve Zn gibi metaller acisindan
zengin bir potansiyele sahiptir. Kuzey zonda gézlenen cevherlesmelere yonelik onemli ¢alismalar; masif siilfit
(Eyiiboglu vd., 2014; Abdioglu vd., 2015; Tiiysiiz, 2000), porfiri bakir (Yalginalp, 1992), skarn (Sipahi, 1996,
2011; Sara¢ & Van, 2005; Sipahi vd., 2017, 2020, 2022) ve epitermal damar tipi (Akaryali, 2010, 2016;
Akaryali & Tiystliz 2013a,b; Akbulut vd., 2015; Akaryali & Akbulut, 2016) cevherlesmelerine yonelik
yapilmustir.

Dogu Pontidler’de gerek jeolojik ve jeokimyasal gerekse jeofiziksel veriler kullanilarak yapilmis birgok
caligma ile bolgedeki benzer cevherlesmeler ortaya ¢ikarilmistir. Bolgedeki benzer cevherlesmeler cogunlukla
granitik sokulumlarla iliskili olup Giizelyayla (Magka- Trabzon) porfiri Cu-Mo olusumlari buna 6rnek
gosterilebilir. Pontid Alt Bazik Karmasig1 ve kuvarsh mikrodiyoritlerde (Zigana Granitoyidi) gelisen maden
yatag1 storkwork ve saginim seklinde yerlesmis olup mezotermal karakterde ve 280-460°C kosullarda meydana
gelmistir (Yalginalp, 1992). Potasik, fillik ve propilitik ayrisma zonlarinin izlenebildigi maden yataginda
arjilik kusagin gelismedigi de one siiriilmiistiir (Yalcinalp, 1992). Dogu Karadeniz bdlgesi Giresun ve Ordu
illerinde yer alan skarn cevherlesmelerinin olusumu ve kdkenine yonelik Sarag ve Van (2005) tarafindan
yapilan arastirmalar sonucu, Cambasi (Ordu) yoresindeki skarn cevherlesmesindeki granatlarin grossular-
andradit, Dereli (Giresun) yoresindeki granatlarin ise andradit ve andradit-grossular bilesiminde oldugunu
belirlemistir. Glimiishane ili Arnastal mevkiinde yer alan skarn yatagina ait parajenezinin piroksen, granat,
epidot minerallerinden olustugu tespit eden Sipahi (2011), ayn1 zamanda cevherlesmesinin Fe-Skarn tipinde
oldugunu ortaya koymustur. Ozellikle bélgede gdzlenen masif siilfit olusumlarmin Kuruko tip masif siilfit
cevherlesmelerinden farkli 6zellikte oldugundan bolgedeki bu tiir cevherlesmeler icin bazi arastirmacilar
tarafindan Dogu Karadeniz Tip Masif Siilfit Yatagi (6rnegin Eyiiboglu vd., 2014) kullanimi tercih edilmistir.
Pb-Zn Unliipinar (Kelkit-Giimiishane) cevherlesmesinin adakitik olmayan granitik kayaclarin etkili oldugunu,
sivi kapanim, mineral kimyas1 ve durayli izotop analiz sonuglarindan yararlanarak ortaya koyan Akaryali &
Akbulut (2016)’nin yan1 sira, bolgedeki bir bagka Pb-Zn (Altinpinar-Torul) cevherlesmesinin de benzer analiz
yontemleri ile cevherlesmenin granitik kayaglarla iligkili epitermal damar tip oldugunu Akaryali, (2016)
belirlemistir. Sipahi vd. (2017, 2020 ve 2022), Egrikar Fe-Cu (Torul-Giimiishane), Karadag Fe-Cu (Torul,
Gilimiishane) ve Kopuz Fe (Torul, Giimiishane) skarn cevherlesmelerinde gergeklestirdigi durayli izotop
caligmalar1 sonucunda bolgedeki skarn cevherlesmelerindeki demir olusumunu kontrol eden mekanizmalari
tespit etmistir. Bolgede bir bagka skarn cevherlesmesi tizerinde yapilan ¢alismada, cevherlesmenin Fe-Skarn
tipinde oldugu, silikat minerallerinde gergeklestirilen mineral kimyasi ¢aligsmalari sonuglarindan yararlanarak
belirlenmistir (Akaryali & Kurt, 2021).

Madencilik agisindan 6nemli bir potansiyele sahip Trabzon ilinde gozlenen cevherlesmeler de genel olarak
bolgede hédkim olan kuzeybati—giineydogu ve dogu-bati kirik sistemleri ile iligkilidir. Kopriiyan
cevherlesmesi s6z konusu kirik sistemine bagli olarak hidrotermal ¢zeltilerin yan kayaglarla etkilesimi sonucu
andezit ve kiregtagi dokanaklarinda ortaya ¢ikmustir. Bu g¢alisma kapsaminda, K&priiyani cevherlesme
alanlarinda alterasyon, cevher mikroskobisi ve mineral kimyasi ¢alismalar1 sonucu elde edilecek bulgulardan
yararlanarak cevherlesmenin olusum tipinin tespit edilmesi ve bolgede yer alan diger skarn cevherlesmeleri ile
olan iligkisinin ortaya konulmasi amaglanmaistir.

2. Materyal ve metot
2. Material and method

Dogu Pontidler’in Kuzey Zonu’nda Trabzon ili simirlarinda Kopriiyant mevkiindeki Fe-Cu skarn
cevherlesmesinin; jeolojisi, petrografisi, cevherin iginde gelistigi kayaclarin jeokimyasi ve cevher
mikroskobisi 6zellikleri ile mineral kimyas1 6zelliklerinin belirlenmesini amaglayan bu ¢alisma kapsaminda
cevher orneklerinden mineral kimyasi analizleri yapilmis ve elde edilen bulgular Dogu Pontid Orojenik
Kusagi’nda yapilan diger ¢aligmalarla da karsilastirilmistir. Bu baglamda yapilan ¢aligsmalar; arazi, laboratuvar
ve biiro ¢alismalar1 olusturmaktadir. Kdpriiyan1 cevherlesmesinin de i¢inde bulundugu yaklasik 15 km?’lik bir
alan i¢inde yaygin olan birimlerin tanimlanmasi, stratigrafilerinin ortaya konmasi ve yapisal 6zelliklerinin
belirlenmesine yonelik arazi caligmasi yapilmistir. Bu dogrultuda, Kopriiyan: ve ¢evresinde yaygin olan
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birimlerde yapilan gézlemler neticesinde mevcut yapisal unsurlardan 6lgtimler alinmis, formasyon sinirlari
haritaya islenmis ve 1/25000 6l¢ekli jeoloji haritast hazirlanmistir. Calisma sahasindan toplanan kayaclarin,
petrografik ve mineralojik tayinlerine yonelik ince kesitler Giimiishane Universitesi Miihendislik ve Doga
Bilimleri Fakiiltesi Jeoloji Miihendisligi Boliimii ince kesit laboratuvarinda Petrothin cihaz1 kullanilarak,
cevherli 6rnekler ise Glimiistas Madencilik A.S. nin laboratuvarinda hazirlanmistir. Cevherlesme sahasindan
alman 3 adet ornek {izerinde, epidot, granat, manyetit, pirit ve kalkopirit minerallerine ait mikroprob analizleri,
20 kV ve 30 nA sartlarinda ¢alisgan CAMECA SX-100 model analiz aleti ile Amerika’da bulunan New Mexico
Bureau of Geology & Mineral Resources New Mexico Institute of Mining & Technology laboratuvarinda
gergeklestirilmistir.

3. Bulgular ve tartisma
3. Results and discussion

3.1. Stratigrafi ve petrografi
3.1. Stratigraphy and petrography

Caligma konusunu olusturan cevherlesme, Giiven (1993) tarafindan adlandirilan Catak Formasyonu i¢inde
gelismistir. Bu birim inceleme alaninda Kiremitli, Kopriiyani, Sukenar1 mahalleleri ve civarinda yilizeyleme
verir. Formasyonun tabani inceleme alaninda goriilmemekte olup, Kizilkaya Formasyonu tarafindan uyumlu
olarak {istlenir. Catak Formasyonu, inceleme alaninda genelde andezitlerden, az oranda da tiif ve breslerden
olugmakta ve killi kiregtasi, kumlu kiregtasi, gri kirectasi ve tiiffit ara seviyeleri icermektedir. Tif ve bresler,
andezitlere oranla daha fazla ayrigsmis olarak goriiliirler (Sekil 1).
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Sekil 1. Kopriiyam ¢evresinin genel jeoloji haritasi
Figure 1.General geological map of Kopriiyani area

Catak formasyonunda gézlenen andezitik kayaclarin genellikle grimsi yesil ve koyu yesil renge sahip oldugu,
makro goriiniimlerinde hornblend ve plajiyoklaslarin gozlendigi tespit edilmistir. Yapilan mikroskobik
incelemelerde, andezitlerin porfirik ve mikrolitik porfirik doku gosterdigi belirlenmistir (Sekil 2).
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Plajiyoklaslar, iri kristaller ve hamur i¢inde mikro kristaller halinde izlenmekte olup, sénme agis1 kullanilarak
yapilan tiir tayini ¢aligmalara gére tiirlerini andezin (Anss.s3) olarak tespit edilmistir. Oz ve yar1 6z sekilli
kristaller halinde izlenen honrblend mineralleri plajiyoklas ve opak mineral inklizyonlari icermektedir. Biyotit
kiigiik prizmatik kristaller halinde, piroksen ise kiiciik taneler halinde ve az oranda goriilmektedir. Piroksenler
40-42 derece arasinda degisen sdnme agisina sahip olup, kalsit ve epidota doniismiistiir. Opak mineral, ince
kesitte gogunlukla diizensiz sekilde izlenir. Andezitte ayrigma triinii olarak ise genellikle klorit ve-serisit
mineralleri bulunurlar.

Sekil 2. Andezitlerdeki porfirik doku a) Paralel nikol ve b) Capraz nikol (PI: Plajiyoklas, Hb: Hornblend, Op:
Opak mineral)

Figure 2. Prophyritic texture in andezites a) Parallel nicol and b) Cross nicol (Pl: Plagioclase, Hb:
Hornblende, Op: Opaque mineral)

Piroklastik kayaclar genellikle tiif, az oranda da volkanik breslerden olusur. Tiiflerde plajiyoklas ve hornblend
mineralleri taninabilmektedir. Bresi olusturan gakillar koseli olup, boyutlart 2 cm’den 20 cm’ye kadar degisen
andezitik bilesimde kaya¢ parcgalarindan olusur. Degisik seviyelerde ince tabakali killi kiregtasi, kumlu
kirectasi, ¢ortlii kirectasi, gri kirectasi ve tiiffit ara seviyeleri, andezitlerle ara katkili olarak bulunur. Dogu
Pontid Kuzey Zonu’nda Gedikoglu (1978), Tasli (1984), Tirk-Japon Ekibi (1985), Bulut (1989) ve Yalginalp
(1992) tarafindan yapilan ¢alismalarda formasyonun yas1 Ust Kretase olarak belirtilmistir. Giiven (1993), bu
birim igindeki kirmizi-bordo renkli killi kiregtaslarindan saptadig: fosil tiirlerine bagl olarak birimin yasim
Turoniyen-Koniasiyen-Santoniyen olarak tespit etmistir.

3.2. Cevherlesme
3.2. Mineralizations

3.2.1. Kopriiyam skarn cevherlesmesi
3.2.1. Képriiyani skarn mineralizations

Catak Formasyonun volkano-tortul seviyelerinin yer aldigi galerinin iist korlarinda, kirik catlak zonlart
boyunca limonitlesme ve malakit-azurit sivamalar1 (Sekil 3a), kiregtaslarinin andezitlerle kontak yaptig
zonlarda kalsit yer yer silislesme+tkalsit (Sekil 3b,c), taze andezitlerde kloritlesme (Sekil 3d), cevherlesme
sahasinda gozlenen alterasyon ve gang minerallerini olusturmaktadir. K&prilyan1 cevherlesme sahasinda,
bolgede gozlenen kirik sistemlerine paralellik gdsteren K35-50 dogrultu girisli galeri bulunmaktadir.
Cevherlesmenin gozlendigi K30-50 dogrultulu ana kirik sistemini kesen yer yer paralellik gosteren kiiciik
Olcekli (mikro) kirklar da gozlenmektedir. Ayrica galeriden alinan makro drneklerde, aktinolit, tremolit (Sekil
3e), pirit, kalkopirit ve granat ile epidotlasma gozlenmistir (Sekil 3f).

3.3. Cevher mikroskobisi ve mineral kimyasi

3.3. Ore microscopy and mineral chemistry

Kopriiyani cevherlesmesindeki epidot ve granat gibi silikat mineralleri ile pirit, kalkopirit ve manyetit gibi
cevher minerallerinin kimyasal igeriklerinin belirlenmesine yonelik mikroprob analizleri 3 &rnek iizerinde
gerceklestirilmigtir. Siilfiir grubu pirit ve kalkopirit minerallerinin analizi ¢ogunlukla 1 ve 13 nolu 6rnekler
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tizerinde, oksit grubu manyetit mineralinin analizleri 1, 5 ve 13 nolu 6rneklerde, silikat grubu granat ve epidot
minerallerinin analizi ise sirastyla 1, 13 ve 5 nolu 6rnekler iizerinde gergeklestirilmistir.

Ekzoskarn zonundan alinan pirit minerali analizleri 1 nolu 6rnekte 4 nokta iizerinde, kalkopirit minerali
analizleri 1 nolu 6rnekte 6 nokta tizerinde, 13 nolu 6rnekte ise 26 nokta tizerinde yapilmustir. 1, 5 ve 13 nolu
ornekte gerceklestirilen ekzoskarn zonuna ait manyetit minerallerinin analizleri sirasiyla 4, 6 ve 23 nokta
iizerinde yapilmigtir. Epidot mineralinin {izerinde yapilan toplam analiz sayis1 53 olmakla birlikte, bu
analizlerin 45 tanesi ekzoskarn zonuna ait 5 nolu Ornek tlizerinde, 8 tanesi ise 1 nolu Ornek iizerinde
gerceklestirilmistir. Granat analizi 1 nolu 6rnekte toplam 14 noktada ve 13 nolu drnekte ise toplam 15 noktada
granat mineralinde analiz yapilmistir. Mineral kimyas1 kapsaminda yapilan analizlere ait dl¢lim sonuglar1 ve
hesaplamalar Ek Tablo 1-5’te verilmistir.

Sekil 3. Cevherlesme sahasinda gozlenen minerallerin makroskobik ve alterasyon goriiniimleri
Figure 3. Macroscopic and alteration views of the minerals observed in the mineralization area
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3.3.1. Manyetit
3.3.1. Magnetite

Kopriiyan1 Fe-Cu skarn yatagi ekzoskarn zonunda ¢ogunlukla kuvars mineralleri ile birlikte bulunan manyetit
az miktarda da olsa granat minerallerinin arasindaki bosluklarda, 1 mm’ye kadar varan boyutlarda ve 6z
sekilsiz olarak gozlenmektedir. Manyetitlerde hematit latalar1 da gelismistir. Iki evrede olusan manyetit
minerallerinin gang tarafindan ornatildigi ve ilk evrede olusmus olanlarin alterasyon sonucu hematite
doniistiigili, genel olarak 6z sekilsiz ve kirikli olarak gdzlenen manyetitlerin ise ikinci evrede olustugu
belirlenmistir (Sekil 4). Koprityan1 Fe-Cu skarn yataginda ekzoskarn zonunda manyetit minerallerinin
genellikle kalkopirit, pirit ve granat ile birlikte bulundugu (Sekil 4) gézlenmektedir. TiO- igeriklerinin ¢ok
diisiik (%0,02-1,02) oldugu buna karsilik FeO' igeriklerinin ise %83,13-92,00 arasinda degistigi belirlenmistir.
SiO; igerikleri %0,13-3,06 arasinda degismekte olup ekzoskarn zonundaki manyetit ve hematitlerde
merkezden kenara dogru SiO; igerigi artmaktadir (Sekil 5b, Ek Tablo 1). Fe*? ve Fe*® katyonlar: sirasiyla 8,02-
8,93 ve 13,67-15,90 arasinda degismekte olup Bacon ve Hirschmann (1988) tarafindan 6nerilen diyagrama
gore tiirlerinin manyetit (Sekil 6) oldugu belirlenmistir.

Om11-2- No 1.jpg

18 ra . ¢ RS

Sekil 4. Manyetit minerallerinin cevher mikroskobu go

Manyetit, Gr: Granat, Mi: Mika.)

Figure 4. Ore microscope views of magnetite minerals (Pr: Pyrite, Kp: Chalcopyrite, My:
Magnetite, Gr: Garnet, Mi: Mica)
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Sekil 5. Manyetit minerallerinin mikroskobik (a) ve BSE (b) goriiniimleri (My: Manyetit, Kp: Kalkopirit)
Figure 5. Microscopic (a) and BSE (b) views of magnetite minerals (My: Magnetite, Kp: Chalcopyrite)
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Sekil 6. Fe-Ti oksit minerallerinin bilesimi (Bacon & Hirschmann, 1988).
Figure 6. Composition of Fe-Ti oxide minerals (Bacon & Hirschmann, 1988).

3.3.2. Kalkopirit
3.3.2. Chalcopyrite

Kalkopirit minerali agik sar1 renklerde ve ¢ogunlukla 6z sekilsiz olarak gozlenmektedir. Kopriiyan1 Fe-Cu
skarn yataginda bulunan kalkopirit minerali, manyetit mineralinden sonra en fazla gdzlenen cevher minerali
olup, genellikle acik sar1 renklerde ve cogunlukla 6z sekilsiz olarak gozlenmektedir. iki farkli evrede gelisen
kalkopirit, manyetit mineralleri arasinda kii¢liik ve 6z sekilsiz kapanimlar halinde bulunurken, genellikle

manyetiti ornatmis olarak gézlenmesinin yani sira, kalsit ve kuvars tarafindan ise kataklasta ugratilmigtir (Sekil
7).
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Sekil 7. Kalkopirit minerallerinin cevher mikroskobu goriiniimleri (Pr: Pirit, Kp: Kalkopirit,
My: Manyetit, K: Kuvars, Kl: Kalsit)

Figure 7. Ore microscope views of chalcopyrite minerals (Pr: Pyrite, Kp: Chalcopyrite, My:
Magnetite, K: Quartz, KI: Calcite)

Manyetit ile beraber bulunan ve ekzoskarn zonunda yer alan kalkopirite ait mineral kimyas1 analiz sonuglarina
(iki ornek tizerinde 46 noktada) gore, Cu iceriginin %33,50-43,27 ve Fe igeriginin %29,84-39,11 arasinda

o

degistigi, kimyasal bilesiminde herhangi bir iz element zenginlesmesi olmadigi belirlenmistir.

3.3.3. Pirit
3.3.3. Pyrite

Pirit, manyetit ve kalkopiritten sonra yaygin olarak gdzlenen bir diger cevher mineralidir. Oz sekilsiz ve
kismen de 6z sekilli olarak ekzoskarn zonunda goézlenen piritlerin olusumlar iki farkli evrede gergeklesmis
olup, ayn1 zamanda pirit minerali tektonik faaliyetlere bagli olarak kataklastik doku da sunmaktadir (Sekil 8).

Pirit minerallerinde yapilan kimyasal analiz (Ek Tablo 3) sonuclarma gore Fe igerigi %46,01-46,73 arasinda
olup ¢ok az Cu (%0,05-0,07) belirlenmistir. Merkezde %0,06-0,07 arasinda Cu bulunurken kenar kisimda
%0,05-0,07 arasinda Cu igerigi tespit edilmistir. Bu durum mineralin merkez ve kenar arasinda belirgin bir
bilesimsel farkll 1"c'>ad1 11 gostermektedir.

Sekil 8. Pirit minerallerinin cevher mikroskobu goriinimleri (Pr: Pirit, Kp: Kalkopirit, K:
Kuvars, Kl: Kalsit)

Figure 8. Ore microscope views of pyrite minerals (Pr: Pyrite, Kp: Chalcopyrite, K: Quartz,
Kl:Calcite)
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3.3.4. Epidot
3.3.4. Epidote

Kopriiyan1 Fe-Cu skarn cevherlesmesinde, yapilan parajenez ve siiksesyon caligmalart sonucu, epidot
minerallerinin ekzoskarn zonda olustugu tespit edilmis olup, mikroskobik ve BSE goriintiileri Sekil 9°da
verilmigtir. Cevhere yakin alanda daha az oranda ve andezitlerin kirik ve catlaklarinda damarlar halinde
bulunmakta iken, ekzoskarn zonunda granat ve manyetit ile birlikte bol miktarda ve kiigiik kristaller seklinde
gozlenmektedir. Epidot minerallerinin (Ek Tablo 4) SiO; igerikleri; %36,22-38,54 arasinda degismektedir.
Epidot minerallerinin Al,O3; ve FeO' bilesimleri sirasiyla %21,92-26,66 ve %9,05-14,44 arasinda degismekte
ve yiiksek CaO (%22,15-23,76) degerleri gdstermektedir. Iri kristallerde merkezden kenara dogru Al,Os
iceriginin nispeten arttig1, buna karsilik FeO' igeriginin ise nispeten azaldigi, diger ana oksitlerde ise belirgin
bir degisikligin gdzlenmedigi ortaya konmustur. Ozellikle ekzoskarn zonunda gozlenen FeO! ve Al,O;
arasindaki bu iliski dikkat cekmekte olup FeO'igerigi artarken Al,O3 azalmaktadir (Ek Tablo 4). Benzer durum
Ayazmant (Balikesir) Fe-Cu skarn (Oyman, 2010) ve Egikar Fe-Cu skarn (Sipahi vd., 2017) yataklarindaki
ekzoskarn epidotlarinin FeO'-Al,0s3 igeriklerinde de gbzlenmekte olup galisilan cevherlesme ile benzer oldugu
goriilmektedir.

25E2
2.3€2
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Sekil 9. Epidot minerallerinin mikroskobik (a) ve BSE (b) goriiniimleri (Epd: Epidot, Kl: Kalsit)
Figure 9. Microscopic (a) and BSE (b) views of epidote minerals (Epd: Epidote, KI: Calcite)

Epidot mineralleri Kopriiyant Fe-Cu skarn cevherlesmesinde en yaygm gozlenen sulu silikat mineralini
olusturmaktadir. Al igeriklerinin yiiksek (2.06-2.46), Mn igeriklerinin diisiik (0,01-0,03) ve Fe*® igeriklerinin
ise nispeten yiiksek (0,59-0,96) oldugu epidot grubu minerallerinin Al bakimindan zengin oldugu belirlenmis,
Armbruster vd. (2006) tiggen siniflama diyagramina gore ise tiirlii klinozoisit olarak bulunmustur (Sekil 10).
Epidot grubu minerallerin Dogu Pontid Orojenik Kusagi Kuzey Zonu’nda yer alan Egrikar ve Karadag
(Glimiishane) Fe-Cu skarn (Sipahi vd., 2017; Sipahi vd., 2022) cevherlesmesi ile giiney zonda yer alan
Gumiisdamla (Bayburt) Fe skarn (Akaryali & Kurt, 2021) cevherlesmesinde gozlenen epidot mineralleri ile
benzer bilesime sahip olduklari, ancak Al igeriklerinin Egrikar (Giimiigshane) Fe-Cu skarn epidotlarina goére
nispeten yiiksek, Glimiigdamla (Bayburt) Fe skarn epidotlarina gore ise nispeten diisiik oldugu goriilmektedir.
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Al

& Egrikar (Giimiishane) Fe-Cu Skarn
(Sipahi vd., 2017)

® Giimiisdamla (Bayburt) Fe Skarn
Akaryali ve Kurt, 2021

Piyemontit

Mn F e+3

Sekil 10. Epidot grubu minerallerinin tiggen siniflama diyagrami (Armbruster vd., 2006).
Figure 10. Triangular classification diagram of epidote group minerals (Armbruster vd.,
2006).

3.3.5. Granat
3.3.5.Garnet

Granat mineralleri genel olarak yesilimsi kahverenginde ve yuvarlagimsi, iri ve kii¢iik kristalli, 6z ve yar1 6z
sekilli halde gézlenmektedir. Granatlar bazi 6rneklerde kalint1 olarak kalmis ve yerleri kismen kuvars, Fe-oksit
ve epidot tarafindan alinmis sekilde izlenir. Kirikli ve kataklastik doku gosteren granat mineralleri (Sekil 11)
baz1 kesitlerde manyetitle birlikte ve kiigiik kristaller halinde izlenmektedir.
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Sekil 11. Granat minerallerinin mikroskobik (a) ve BSE (b) goriiniimleri (Gr: Granat My: Manyetit, K: Kuvars)
Figure 11. Microscopic (a) and BSE (b) views of garnet minerals (Gr: Garnet, My: Magnetite, K:Quartz)

Analiz sonuglarina goére (Ek Tablo 5) granatlarin merkezden kenara belirgin bilesimsel farkliliklar
gostermedigi belirlenmistir. Granatlarda Al2O3z (%0,06-10,47), MnO (%0,46-1,43) ve MgO (%0,01-0,06)
icerikleri diisiik, buna karsin Fe,O3 (%17,84-32,58) ve CaO (%30,65-33,89) igerikleri ise yiiksektir. Yapilan
hesaplamalar tiirlerinin andradit ve grossular-andradit (Andss.0eGrso3-44) oldugunu gostermektedir (Sekil 12).
Granat minerallerinde ferro demir (Fe*?) ¢ok diisiik (0,01-0,11) olup 6rneklerde ferri demirin (Fe*®) hakim
oldugu (1,2-2,24) ortaya konmustur. Calisilan cevherlesmedeki granat minerallerine ait kimyasal veriler iiggen
siiflandirma diyagramina aktarildiginda, s6z konusu cevherlesmesinin Fe ve Cu skarn alanlarinda yer aldig1
goriilmektedir. Dolayisiyla, mikroskobik ve mineral kimyasi1 incelemelerinde manyetit varliginin tespit
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edilmesine bagli olarak, Kopriiyani cevherlesmesinin Fe-Cu skarn tipinde oldugu degerlendirilmektedir.
Granat grubu minerallerin Dogu Pontid Orojenik Kusagi kuzey zonunda yer alan Egrikar (Gimiigshane) Fe-Cu
skarn (Sipahi vd., 2017) cevherlesmesi ile giiney zonda yer alan Giimiisdamla (Bayburt) Fe skarn (Akaryali
ve Kurt, 2021) cevherlesmesinde gozlenen granat mineralleri ile benzer bilesime sahip olduklari, ancak Ca ve
Fe iceriklerinin Egrikar (Giimiishane) Fe-Cu skarn ve Giimiisdamla (Bayburt) Fe skarn granatlarina gore ise
nispeten yiiksek oldugu goriilmektedir (Sekil 12).

Pirop+Almandin+Spessartin
(MgFeMn),ALSi,0,,)

" Egrikar (Giimiishane) Fe-Cu Skarn
(Sipahi vd., 2017)

P Guimiigdamla (Bayburt) Fe Skarn
Akaryal ve Kurt, 2021

50 50

Fe-Skarn Cu-Skarn

o

———lﬁ_‘i}‘g‘!ﬁ 5

Grossular Andradil
(Ca,ALSLO,,) (Ca,Fe,S1,0,.)

Sekil 12. Granatlarin tiggen diyagraminda siniflandirilmasi (Fe- ve Cu-Skarn alanlar
Meinert, (1992)’den alinmistir).

Figure 12. Triangular classification diagram of garnet (Fe- and Cu-Skarn fields are taken
from Meinert, (1992))

3.4. Parajenez ve siiksesyon
3.4. Paragenesis and succession

Kopriiyan1 cevherlesmesi kapsaminda yapilan mikroskobik c¢alismalar neticesinde cevherlesmenin
parajenezinin granat, epidot, manyetit, pirit, kalkopirit, kuvars ve kalsitten olustugu belirlenmistir. S6z konusu
mineraller arasinda tespit edilen dokusal 6zelliklere bagli olarak belirlen siiksesyon Sekil 13°te verilmistir.

Mineraller | Endoskarn Blokarn Oksidasyon

I. Faz II. Faz

Granat 7 ——— —

Epidot 7 = —— -

Manyetit 0 - —— ————

Pirit ——

Kalkopirit — —— —

Kuvars 7 - -—

Kalsit ? -

Hematit —— e —

Limonit

|Malakit

Azurit

Sekil 13. Kopriiyan1 Fe-Cu skarn cevherlesmesinin parajenez ve siiksesyonu
Figure 13. Paragenesis and succession of Kopriiyani Fe-Cu skarn mineralization
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Epidot ve granat minerallerinin iki farkl fazda gozlendigi Sekil 13°te goriilmektedir. Benzer sekilde manyetit,
kuvars ve kalsitin de olusumunun ekzoskarn zonunda gerceklestigi, buna karsin pirit ve kalkopiritin ekzoskarn
zonunda birinci faz ve ikinci fazda olusumlarimin gozlendigi belirlenmistir. Cevher olusumundan sonra
gergeklesen oksidasyon zonunda ise hematit, limonit, malakit ve azurit minerallerinin varlig1 tespit edilmistir.

Kopriiyan1 cevherlesmesinin Fe-Cu skarn tipinde oldugunu ortaya koyan en 6nemli veriler, bu ¢aligma
kapsaminda gergeklestirilen, cevher mikroskobisi ve mineral kimyasi ¢aligmalaridir. Bu galismalar sonucunda,
inceleme alaninin bulundugu bolgedeki skarn yataklarina (Aslan 1991; Sadiklar, 1993; Sipahi, 2011; Sipahi
vd., 2017; Sipahi vd., 2018; Akaryali ve Kurt 2021) ait mikrokimyasal analiz verileri, K&priiyan1 skarn
cevherlesmesi ile karsilastirildiginda 6nemli benzerlikler elde edilmistir. Bu baglamda, yapilan karsilastirmalar
neticesinde elde edilen veriler, Kopriiyani cevherlesmesinin Fe-Cu skarn tip bir cevherlesme oldugu yoniindeki
goriisii desteklemektedir

4. Sonuclar
4. Conclusions

Dogu Pontidler’in Kuzey Zonu’nda Trabzon ili sinirlarinda Kopriiyant mevkiindeki Fe-Cu skarn
cevherlesmesine yonelik cevher mikroskobi ve mineral kimyasi ¢alismalart ile elde edilen sonuglar asagida
siralanmustir.

Calisma alan1 ve yakin ¢evresindeki yaslidan gence dogru Hamurkesen Formasyonu, Berdiga Formasyonu,
Kizilkaya Formasyonu, Catak Formasyonu ve Aliivyon birimleri yer almaktadir. Kopriiyan1 cevherlesme
sahasinda, bolgede gozlenen kirik sistemlerine paralellik gosteren K35-50 dogrultu girisli galeri stok alani ve
cevresinde aktinolit, tremolit, pirit, kalkopirit, manyetit ve malakit mineralleri ile kirik ¢atlak zonlar1 boyunca
gelismis limonitlesme, hematitlesme kloritlesme ve epidotlasma tiirii alterasyonlar gdzlenmektedir.

Kopriiyan1 Fe-Cu skarn yataginda ekzoskarn zonunda manyetit minerallerinin genellikle kalkopirit, pirit ve
granat ile birlikte bulundugu, TiO; igeriklerinin ¢ok diisiik (%0,02-1,02) oldugu buna karsilik FeO!
iceriklerinin ise %83,13-92,00 arasinda degistigi belirlenmistir. Kalkopirit minerallerinde gerceklestirilen
kimyasal analiz sonuglarina gére ¢ogunlukla manyetit ile beraber bulunan ve ekzoskarn zonunda yer alan
kalkopirit minerallerinin Cu igeriginin %33,50-43,27 ve Fe igerigi %29,84-39,11 arasinda degistigi

belirlenmistir.

Pirit minerallerinin kimyasal analiz sonuglarina gore Fe iceriginin %46,01-46,73 arasinda oldugu, mineralin
merkezinde ve kenarinda Cu igeriginin bilesimsel farklilik gostermedigi belirlenmistir.

Kopriiyan1 Fe-Cu skarn cevherlesmesinde en yaygin goézlenen sulu silikat minerali olan epidotun Al
iceriklerinin yiiksek (2,06-2,46), Mn igeriklerinin diisiik (0,01-0,03) ve Fe*® igeriklerinin ise nispeten yiiksek
(0,59-0,96) oldugu tespit edilmistir. Ayrica, epidot grubu minerallerinin Al bakimindan zengin oldugu ve
iicgen siiflama diyagramina gore, tiiriiniin klinozoisit oldugu belirlenmistir.

Granatlarda gerceklestirilen kimyasal analiz sonuglart tiirlerinin andradit ve grossular-andradit (Andss.e9Grso.s-
44) oldugu ve granat minerallerinde ferro demir (Fe*?) ¢ok diisiik (0,01-0,11) olup &rneklerde ferri demirin
(Fe*®) hakim oldugu (1,2-2,24) ortaya konmustur. Calisilan cevherlesmedeki granat minerallerine ait kimyasal
verilere gore, s6z konusu cevherlesmenin Fe-Cu skarn tipinde oldugu sonucuna varilmaistir.

Granat grubu minerallerin Dogu Pontid Orojenik Kusagi Kuzey Zonunda yer alan Egrikar (Giimiishane) Fe-
Cu skarn cevherlesmesi ile giiney zonda yer alan Giimiisdamla (Bayburt) Fe skarn cevherlesmesinde gézlenen
granat mineralleri ile benzer bilesime sahip olduklar1 belirlenmistir. Epidot ve granat minerallerinin ekzoskarn
zonunda iki farkli evre de gdzlendigi, benzer sekilde manyetit, kuvars ve kalsitin de olusumunun da ekzoskarn
zonunda gerceklestigi, pirit ve kalkopiritinde ekzoskarn zonunda birinci faz ve ikinci fazda olusumlarinin
gozlendigi belirlenmistir. Cevher olusumundan sonra gerceklesen oksidasyon zonunda ise hematit, limonit,
malakit ve azurit minerallerinin varlig1 tespit edilmistir.

Elde edilen tiim veriler neticesinde; Kopriiyan1 cevherlesmesinin Fe-Cu skarn tiiriinde ve bélgede var olan
skarn cevherlesmelerinin parajenez, siiksesyon ve mineral kimyasi verileri ile benzerlik gosterdigi sonucuna
ulasilmustir.
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Ekler

Ek Tablo 1. Kopriiyani cevherlesmesi manyetite ait mineral kimyasi analizleri

Mineral Manyetit

Ornek no 1 5 13

Analiz noktasi 1-39 1-40 1-41 1-42 5-30 5-31 5-42 5-43 5-44 5-45 13-01 13-02
Agiklama m m m m m m m m m m k m
SiO; 0.31 0.77 0.26 0.22 1.77 2.30 1.95 1.81 1.50 1.90 0.56 0.67
TiO; 0.09 0.1 0.03 0.07 0.91 1.02 0.91 0.78 0.75 0.90 0.14 0.02
Al203 0.16 0.27 0.02 0.02 0.79 0.99 0.77 0.83 0.79 0.87 0.00 0.03
Cr.03 0.01 0.01 0.00 0.01 0.04 0.04 0.03 0.03 0.02 0.04 0.00 0.01
FeO 88.73 87.16 88.84 88.27 83.13 85.12 83.84 83.53 85.28 84.15 88.87 89.11
MnO 0.03 0.05 0.02 0.00 0.04 0.02 0.04 0.03 0.03 0.01 0.03 0.04
MgO 0.04 0.22 0.04 0.03 0.00 0.01 0.00 0.00 0.06 0.00 0.11 0.04
CaO 0.06 0.32 0.06 0.05 0.09 0.1 0.08 0.08 0.22 0.18 0.15 0.32
Toplam 89.42 88.9 89.28 88.65 86.76 89.6 87.65 87.1 88.65 88.06 89.87 90.23
Si 0.10 0.25 0.08 0.07 0.58 0.73 0.63 0.59 0.48 0.61 0.18 0.21
Ti 0.02 0.02 0.01 0.02 0.22 0.24 0.22 0.19 0.18 0.22 0.03 0.00
Al 0.06 0.10 0.01 0.01 0.31 0.37 0.30 0.32 0.30 0.33 0.00 0.01
Cr 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00
Fe(iii) 15.70 15.35 15.81 15.81 14.07 13.67 13.98 14.10 14.37 13.99 15.58 15.55
Fe(ii) 8.07 8.04 8.05 8.06 8.77 8.93 8.82 8.75 8.55 8.77 8.10 8.08
Mn 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01
Mg 0.02 0.11 0.02 0.01 0.00 0.00 0.00 0.00 0.03 0.00 0.05 0.02
Ca 0.02 0.11 0.02 0.02 0.03 0.03 0.03 0.03 0.08 0.06 0.05 0.11
Toplam 24 24 24 24 24 24 24 24 24 24 24 24
Fe/Fe+Mg 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cr/Cr+Al 0.04 0.02 0.00 0.25 0.03 0.03 0.03 0.02 0.02 0.03 0.00 0.18

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 32 oksijene gore hesaplanmistir. Fe(ii) ve Fe(iii) ayirimi stokiometrik olarak yapilmustir.
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Ek Tablo 1. (Devami)

Mineral Manyetit

Ornek no 13

Analiz noktas1  13-03  13-04 13-31-1 13-32-2 13-33-3 13-34-4 13-35-5 13-36-6 13-45-1 13-46-2 13-47-3 13-48-4 13-49-5 13-50-6
Agiklama k m  merkezden kenara merkezden kenara
SiO; 0.85 2.13 0.61 0.24 0.45 0.22 0.82 0.84 1.49 0.2 0.61 0.13 1.73 0.29
TiO; 0.07 0.02 0.07 0.06 0.00 0.00 0.01 0.02 0.06 0.03 0.07 0.02 0.04 0.01
Al2O3 0.01 0.02 0.01 0.01 0.02 0.04 0.03 0.03 0.10 0.01 0.02 0.01 0.09 0.01
Cr.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
FeO 89.31 86.97 89.2 89.55 89.37 89.54 88.93 88.41 88.02 89.66 89.15 89.87 90.98 89.58
MnO 0.01 0.06 0.00 0.00 0.00 0.00 0.03 0.02 0.04 0.00 0.04 0.00 0.00 0.01
MgO 0.21 0.14 0.10 0.05 0.08 0.05 0.19 0.22 0.22 0.01 0.13 0.05 0.02 0.05
CaO 0.03 0.94 0.04 0.02 0.03 0.03 0.05 0.04 0.23 0.04 0.03 0.01 0.1 0.14
Toplam 90.5 90.28 90.03 89.94 89.96 89.9 90.08 89.59 90.15 89.96 90.04 90.11 92.99 90.11
Si 0.27 0.67 0.19 0.08 0.14 0.07 0.26 0.27 0.47 0.06 0.19 0.04 0.53 0.09
Ti 0.02 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.00 0.01 0.00
Al 0.00 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.04 0.00 0.01 0.00 0.03 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe(iii) 1543 1464 1557 1581 1571 1584 1546 15.44 1499 1585  15.57 15.90 14.88 15.81
Fe(ii) 8.17 8.28 8.15 8.06 8.10 8.04 8.15 8.15 8.29 8.05 8.13 8.02 8.50 8.02
Mn 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00
Mg 0.10 0.07 0.05 0.02 0.04 0.02 0.09 0.10 0.10 0.00 0.06 0.02 0.01 0.02
Ca 0.01 0.32 0.01 0.01 0.01 0.01 0.02 0.01 0.08 0.01 0.01 0.00 0.03 0.05
Toplam 24 24 24 24 24 24 24 24 24 24 24 24 24 24
Fe/Fe+Mg 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cr/Cr+Al 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.07 0.00

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 32 oksijene gore hesaplanmistir. Fe(ii) ve Fe(iii) ayirimi stokiometrik olarak yapilmustir.
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Ek Tablo 1. (Devami)

Mineral Manyetit

Ornek no 13

Analiz noktasi 13-51 13-52 13-53 13-54 13-55 13-56 13-57 13-58
Agiklama k m k k k m k m
SiO; 3.06 1.26 0.31 1.36 0.52 0.66 0.44 1.8
TiO; 0.06 0.03 0.00 0.01 0.06 0.03 0.16 0.06
Al2O3 0.20 0.01 0.01 0.02 0.00 0.01 0.02 0.04
Cr203 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00
FeO 89.5 87.86 89.32 87.06 89.16 88.3 89.03 92.00
MnO 0.03 0.04 0.01 0.05 0.00 0.00 0.01 0.05
MgO 0.02 0.18 0.06 0.22 0.08 0.11 0.06 0.21
CaO 0.34 0.55 0.04 0.47 0.18 0.27 0.10 0.36
Toplam 93.23 89.94 89.74 89.19 90.01 89.39 89.83 94.53
Si 0.93 0.40 0.10 0.43 0.17 0.21 0.14 0.54
Ti 0.01 0.01 0.00 0.00 0.01 0.01 0.04 0.01
Al 0.07 0.00 0.00 0.01 0.00 0.00 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe(iii) 14.03 15.18 15.80 15.12 15.64 15.56 15.63 14.87
Fe(ii) 8.82 8.12 8.05 8.16 8.08 8.07 8.11 8.33
Mn 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01
Mg 0.01 0.09 0.03 0.10 0.04 0.05 0.03 0.09
Ca 0.11 0.19 0.01 0.16 0.06 0.09 0.03 0.12
Toplam 24 24 24 24 24 24 24 24
Fe/Fe+Mg 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cr/Cr+Al 0.00 0.40 0.00 0.00 0 0.40 0.00 0.00

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 32 oksijene gore hesaplanmistir. Fe(ii) ve Fe(iii) ayirimi stokiometrik olarak yapilmustir.
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Ek Tablo 2. Kopriiyan1 cevherlesmesi kalkopirite ait mineral kimyasi analizleri

Mineral Kalkopirit

Ornek no 1 13

Analiz noktas1 ~ 1-21  1-22 1-23 1-24 1-51 1-52 13-05-1 13-06-2 13-07-3 13-08-4 13-09-5  13-10-6 13-23
Agiklama k m k m Kk m merkezden ------------m oo kenara Kk

S 3489 3485 3447 3482 3492 3484 38.16 3572 34.38 34.2 35.74 3436 34.84
Fe 30.27 30.06 30.18 30.32 30,57 29.84 3429 3118 30.21 3031 31.61 30.38 31.32
Cu 33.70 33.50 3347 3400 3421 3359 3831 3461 3391 3393 34.95 33.76  34.46
Al 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Si 0.07 0.04 0.07 0.08 0.07 0.04 0.03 0.03 0.04 0.03 0.03 0.02 0.01
Toplam 98.97 98.32 98.16 99.17 99.8 98.17 110.79 10157 9856 9851 102.36 98.51 100.64
Mineral Kalkopirit

Ornek no 13

Analiz noktas1 ~ 13-24  13-28  13-29 13-37  13-38  13-39 13-40 13-59 13-60 13-61 13-62 13-63 13-64
Aciklama m k m k m k m k m k m k m

S 3411 34.87 34.49 3459 3376 34.35 33.93 33.97 335 33.55 37.88 33.58 34.67
Fe 31.02 30.92 31.33 3175 3161 3092 31.10 30.93 31.13 30.51 35.12 31.00 32.09
Cu 3451 34.38 34.49 3523 3416  34.76 34.26 34.43 34.51 34.01 38.71 34.34 35.22
Al 0.00 0.02 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.00
Si 0.04  0.02 0.03 0.03 0.03 0.01 0.02 0.01 0.03 0.02 0.03 0.02 0.04
Toplam 99.68 100.21 100.35 101.61 99.57 100.03 99.3 99.33 99.17 98.1 111.73  98.95 102.03
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Ek Tablo 2. (Devami)

Mineral Kalkopirit

Ornek no 13 1 13

Analiz noktas1  13-65-1 13-66-2 13-67-3 13-68-4 13-69-5 13-70-6 1-21 1-24 1-51 13-23 13-24 13-28  13-29
Agiklama merkezden---- kenara

S 33.67 33.54 33.75 33.62 42.25 33.51 34.89 3482 3492 3484 3411 3487 3449
Fe 31.06 30.76 31.13 31.16 39.11 30.88 30.27 30.32 3057 31.32 31.02 3092 3133
Cu 34.40 34.64 34.70 34.56 43.27 34.45 33.70 3400 3421 3446 3451 3438 34.49
Al 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.01
Si 0.03 0.03 0.03 0.03 0.04 0.02 0.07 0.08 0.07 0.01 0.04 0.02 0.03
Toplam 99.17 98.95 99.61 99.36 12466  98.88 98.97 99.17 99.8 100.64 99.68 100.21 100.35
Mineral Kalkopirit

Ornek no 13 1

Analiz noktas1  13-38 13-39  13-40 13-59 13-60 13-63 13-65-1 13-66-2 13-67-3 13-68-4 13-69-6 1-21 1-22
Aciklama k m

S 33.76 3435  33.93 33.97 33.50 3358 33.67 3354 3375 33.62 3351 34.42 34.62
Fe 31.61 30.92  31.10 30.93 31.13 31.00 31.06 30.76  31.13 31.16 30.88 30.33 30.25
Cu 34.16 3476 34.26 34.43 3451 3434 3440 34.64 347 34.56 34.45 34.29 34.28
Al 0.02 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00
Si 0.03 0.01 0.02 0.01 0.03 0.02 0.03 0.03 0.03 0.03 0.02 0.04 0.07
Toplam 99.57 100.03 99.3 99.33 99.17 98.95 99.17 98.95 99.61 99.36 98.88 99.08 99.23
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Ek Tablo 2. (Devami)

Mineral Kalkopirit

Ornek no 1 13

Analiz noktas1 ~ 1-23 1-24 1-51 1-52 13-05-1 13-06-2 13-07-3 13-08-4 13-09-5 13-10-6 13-61 13-62 13-63
Agiklama k m k m Merkezden e LR e kenara k m k

S 34.67 34.60 3435 3454 3499 3454 3448  34.47 3444 3446 35.07 3436 3443
Fe 30.30 3021 30.23 30.2 30.25 30.13  30.15  29.98 30.17  30.06 30.4 30.3 30.20
Cu 34.48 3449 3435 3443 3444 3400 3458 3422 3432  34.27 3418 33.81 34.18
Al 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.02 0.01 0.01 0.01
Si 0.07 0.06 0.07 0.08 0.03 0.03 0.02 0.02 0.03 0.05 0.05 0.07  0.03
Toplam 99.53 99.36 99 99.25 99.7 98.7 99.26  98.69 98.96  98.87 99.71 98,55 98.85
Mineral Kalkopirit

Ornek no 13

Analiz noktasi 13-64 13-65-1 13-66-2 13-67-3 13-68-4 13-69-5 13-70-6
Aciklama m merkezden kenara
S 34.31 34.46 34.43 34.42 34.5 34.34 34.19

Fe 30.12 30.36 30.62 30.21 30.46 30.17 30.12

Cu 34.03 34.31 34.28 345 34.12 34.27 33.99

Al 0.00 0.00 0.01 0.00 0.00 0.01 0.00

Si 0.06 0.03 0.03 0.04 0.02 0.03 0.03

Toplam 98.51 99.16 99.36 99.16 99.1 98.83 98.34
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Ek Tablo 3. Kopriiyan1 cevherlesmesi pirite ait mineral kimyasi analizleri

Mineral Pirit

Ornek no 1

Analiz noktasi 1-25 1-26 1-25 1-26
Aciklama k m k m
Al 0.00 0.00 0.00 0.00
S 53.38 53.23 53.02 52.95
Fe 46.58 46.01 46.73 46.03
Cu 0.07 0.06 0.05 0.07
Si 0.03 0.04 0.03 0.06
Toplam 100.06 99.33 99.83 99.11
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Ek Tablo 4. Kopriiyani1 cevherlesmesi epidota ait mineral kimyasi analizleri

Mineral Epidot

Ornek no 5

Analiz Noktas1  5-01 5-02 5-03 5-04 5-05 5-06 5-07 5-08 5-09 5-10 5-11 5-12
Agiklama m k m k m k m k m k m k
SiO, 37.26 38.21 37.66 38.10 38.04 37.90 37.23 38.05 37.30 37.85 37.70 37.83
TiO; 0.28 0.08 0.37 0.07 0.38 0.10 0.33 0.13 0.34 0.09 0.36 0.10
Al2O3 23.40 26.66 22.09 24.78 2251 25.84 22.08 26.14 21.92 26.08 22.27 24.95
FeOT 12.70 9.05 14.15 11.76 14.42 10.43 14.04 9.73 14.44 9.94 13.81 11.55
MnO 0.44 0.19 0.12 0.20 0.10 0.26 0.10 0.21 0.11 0.24 0.14 0.30
MgO 0.06 0.02 0.03 0.02 0.04 0.02 0.04 0.02 0.03 0.01 0.04 0.00
Ca0o 22.15 23.10 22.53 22.77 23.07 22.92 22.66 23.01 22.74 22.87 22.64 22.69
Na,O 0.00 0.01 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H.O 1.75 1.81 1.74 1.79 1.75 1.79 1.73 1.79 1.73 1.80 1.73 1.78
F 0.13 0.13 0.15 0.14 0.17 0.15 0.15 0.16 0.15 0.13 0.17 0.13
Toplam 98.16 99.26 98.83 99.65 100.49 9941 98.37 99.22 98.76 99.01 98.87 99.36
Si 2977 2.986 2.999 2.986 2.983 2.970 2.982 2.981 2.980 2.973 3.000 2.974
Ti 0.017 0.005 0.022 0.004 0.022 0.006 0.020 0.008 0.020 0.005 0.022 0.006
Al 2.204 2.455 2.073 2.289 2.080 2.386 2.085 2.413 2.064 2414 2.089 2.312
Fe's 0.849 0.591 0.942 0.771 0.946 0.683 0.941 0.637 0.965 0.653 0.919 0.759
Mn 0.030 0.013 0.008 0.013 0.007 0.017 0.007 0.014 0.007 0.016 0.009 0.020
Mg 0.007 0.002 0.004 0.002 0.005 0.002 0.005 0.002 0.004 0.001 0.005 0.000
Ca 1.896 1.934 1.922 1.912 1.938 1.924 1.945 1.931 1.946 1.925 1.930 1.911
Na 0.000 0.002 0.000 0.003 0.000 0.000 0.002 0.000 0.000 0.000 0.002 0.002
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Toplam 8.980 8.987 8.971 8.981 8.981 8.989 8.986 8.986 8.986 8.988 8.975 8.985

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 12.5 oksijene gore hesaplanmustir.
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Ek Tablo 4. (Devami)

Mineral Epidot

Ornek no 5

Analiz noktasi 5-13-1 5-14-2 5-15-3 5-16-4 5-17-5 5-20-2 5-21-3 5-22-4 5-23-5 5-24 6
Agiklama merkezden---- kenara  merkezden ---kenara
SiO; 37.56 37.73 37.72 37.75 37.83 37.82 37.88 37.42 38.13 38.18
TiO; 0.34 0.38 0.38 0.04 0.03 0.19 0.10 0.08 0.08 0.06
Al;03 22.25 22.06 2211 24.27 24.98 23.80 23.86 23.26 24.13 25.87
FeO 13.94 14.13 14.29 12.24 11.27 12.45 12.67 13.45 12.32 10.00
MnO 0.13 0.09 0.07 0.14 0.11 0.23 0.16 0.14 0.06 0.14
MgO 0.04 0.05 0.06 0.02 0.02 0.07 0.02 0.02 -0.01 0.00
Ca0o 22.55 22.66 22.50 22.82 22.96 22.72 22.68 22.72 22.84 23.14
Na.O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H.0 1.74 1.75 1.73 1.77 1.78 1.78 1.78 1.76 1.78 1.82
F 0.14 0.12 0.17 0.14 0.14 0.11 0.11 0.13 0.14 0.10
Toplam 98.70 98.99 99.02 99.18 99.11 99.17 99.27 98.99 99.48 99.31
Si 2.995 3.000 2.998 2.979 2.979 2.987 2.988 2971 2.998 2.990
Ti 0.020 0.023 0.023 0.002 0.002 0.011 0.006 0.005 0.005 0.004
Al 2.091 2.068 2.071 2.257 2.318 2.215 2.218 2.176 2.236 2.387
Fe's 0.929 0.940 0.950 0.808 0.742 0.822 0.836 0.893 0.810 0.655
Mn 0.009 0.006 0.005 0.009 0.007 0.015 0.011 0.009 0.004 0.009
Mg 0.005 0.006 0.007 0.002 0.002 0.008 0.002 0.002 -0.001 0.000
Ca 1.926 1.931 1.916 1.929 1.937 1.923 1.917 1.932 1.924 1.941
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Toplam 8.975 8.973 8.969 8.987 8.989 8.983 8.979 8.992 8.975 8.986

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 12.5 oksijene gore hesaplanmistir.
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Ek Tablo 4. (Devami)

Mineral Epidot

Ornek No 5

Analiz noktasi 5-25 5-26 5-36 1 5-372 5-38 3 5-394 5-40-5 5-41-6
Aciklama k m Merkezden kenara
SiO, 37.64 38.23 38.54 37.71 37.55 36.22 37.51 37.75
TiO; 0.52 0.21 0.51 0.25 0.11 0.09 0.13 0.10
Al2O3 21.96 25.15 22.74 23.19 22.87 22.21 21.92 24.01
FeO 14.08 11.10 13.34 13.16 14.03 12.58 12.52 12.01
MnO 0.10 0.19 0.12 0.22 0.30 0.13 0.18 0.13
MgO 0.08 0.01 0.04 0.05 0.04 0.05 0.79 0.02
Ca0o 22.66 22.92 22.27 22.43 22.20 23.76 22.61 22.65
Na,O 0.02 0.01 0.27 0.00 0.00 0.00 0.03 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H20 1.74 1.80 1.76 1.74 1.72 1.61 1.69 1.76
F 0.15 0.12 0.16 0.17 0.19 0.33 0.23 0.13
Toplam 98.95 99.75 99.75 98.92 99.02 96.98 97.61 98.55
Si 2.996 2.988 3.029 2.991 2.982 2.954 3.020 2.995
Ti 0.031 0.012 0.030 0.015 0.007 0.006 0.008 0.006
Al 2.060 2.317 2.106 2.168 2.141 2.135 2.080 2.245
Fe's 0.937 0.726 0.877 0.873 0.932 0.858 0.843 0.797
Mn 0.007 0.013 0.008 0.015 0.020 0.009 0.012 0.009
Mg 0.009 0.001 0.005 0.006 0.005 0.006 0.095 0.002
Ca 1.932 1.920 1.875 1.906 1.889 2.076 1.950 1.925
Na 0.003 0.002 0.041 0.000 0.000 0.000 0.005 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Toplam 8.976 8.979 8.970 8.974 8.975 9.044 9.013 8.979

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 12.5 oksijene gore hesaplanmustir.
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Ek Tablo5. Kopriiyan: cevherlesmesi granata ait mineral kimyasi analizleri

Mineral Granat

Ornek no 1

Analiz noktasi 1-01-1 1-02-2 1-03-3 1-04-4 1-05-5 1-06-6 1-07 1-08 1-09 1-12
Aciklama Merkezden e SR LR kenara k m m k
SiO, 34.68 34.57 34.76 35.87 35.38 35.08 35.4 36.63 35.77 35.13
TiO, 0.00 0.02 0.01 0.01 0.01 0.02 0 0.01 0.02 0.02
Al;03 0.92 0.06 0.2 0.34 0.60 1.43 0.74 7.89 4.08 0.43
Cr203 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00
Fe 0s 30.88 31.67 31.87 325 31.41 29.84 30.84 21.48 27.39 31.28
MnO 0.75 0.68 0.72 0.75 0.77 0.76 0.46 0.9 0.63 0.61
MgO 0.00 0.00 0.00 0.01 0.01 0.00 0.03 0.01 0.00 0.02
CaOo 32.18 32.08 31.93 32.68 31.87 32.16 32.04 33.06 32.3 32.13
F 0.4 0.42 0.36 0.29 0.29 0.27 0.25 0.43 0.41 0.26
Toplam 99.8 99.51 99.85 102.47 100.36 99.55 99.76 100.41 100.61 99.89
Si 2.87 2.88 2.88 2.89 291 2.90 2.92 2.93 2.90 2.90
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.09 0.01 0.02 0.03 0.06 0.14 0.07 0.74 0.39 0.04
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe®* 2.17 2.24 2.21 2.18 2.12 2.06 2.08 1.40 1.81 2.15
Fe? 0.00 0.00 0.00 0.02 0.05 0.00 0.05 0.04 0.05 0.01
Mn 0.05 0.05 0.05 0.05 0.05 0.05 0.03 0.06 0.04 0.04
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 2.85 2.86 2.84 2.83 2.81 2.85 2.84 2.83 2.81 2.85
Toplam 8 8 8 8 8 8 8 8 8 8
Almandine 0 0 0 1 1 0 2 1 2 0
Spessartine 1 1 2 2 2 2 1 2 1 2
Pyrope 0 0 0 0 0 0.00 0 0 0 0
Grossular 4 0 1 1 3 6. 3 33 17 2

Not: Ana oksit degerleri % agirlik cinsindendir.

Yapisal formiiller 12 oksijene gore hesaplanmistir. m = merkez, k = kenar
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Ek Tablo 5. (Devami)

Mineral Granat

Ornek no 1

Analiz noktas1 ~ 1-13 1-14 1-15 1-16 1-17 1-18 1-19 1-20 1-27-1 1-28-2 1-29-3 1-30-4 1-31-5 1-32-6
Agiklama m m m k m m k m Merkezden kenara
SiO; 36.26 35.45 35.3 3523 36.21 3592 3506 3524 3476 3473 3463 3475 3501 35.04
TiO; 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.02 0.03 0.00 0.02 0.01 0.02
Al;03 6.43 3.01 0.14 0.55 6.03 3.74 4.48 453 0.32 0.10 0.15 0.28 1.1 0.88
Cr.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00
Fe.03 23.21 2767 3198 3108 2395 2708 2579 2577 3132 3161 3147 3132 3024 30.46
MnO 0.86 0.78 0.64 0.61 0.8 0.79 0.92 0.72 0.7 0.73 0.7 0.71 0.6 0.64
MgO 0.00 0.02 0.03 0.02 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.02 0.00
CaO 32.87 3217 3187 3201 3255 3215 32.3 3274 3177 3166 3165 3145 3197 319
F 0.31 0.34 0.24 0.29 0.31 0.32 0.62 0.33 0.36 0.33 0.32 0.32 0.34 0.34
Toplam 99.97 99.43  100.2 99.8 99.89 100.01 99.21 99.35 99.25 99.19 9891  98.86 99.3  99.29
Si 2.92 291 2.91 291 2.93 2.93 2.88 2.88 2.90 2.90 2.90 291 291 291
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.61 0.29 0.01 0.05 0.57 0.36 0.43 0.44 0.03 0.01 0.01 0.03 0.11 0.09
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe* 1.54 1.88 2.16 2.12 1.57 1.78 1.80 1.80 2.17 2.19 2.19 2.15 2.08 2.09
Fe?* 0.03 0.02 0.05 0.03 0.05 0.07 -0.03 -0.04 0.01 0.02 0.01 0.04 0.02 0.03
Mn 0.06 0.05 0.04 0.04 0.05 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.04 0.05
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 2.84 2.83 2.82 2.84 2.82 2.81 2.84 2.87 2.84 2.83 2.84 2.82 2.84 2.84
Toplam 8 8 8 8 8 8 8 8 8 8 8 8 8 8
Almandine 1 1 2 1 2 2 0 0 0 1 0 1 1 1
Spessartine 2 2 2 1 2 2 2 1 2 2 2 2 1 2
Pyrope 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Grossular 27 13 0 3 26 16 19 19 2 0 1 1 5 4
Andradite 70 84 96 95 70 80 79 80 96 97 97 96 93 93

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 12 oksijene gore hesaplanmistir. m = merkez, k = kenar
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Ek Tablo 5. (Devami)

Mineral Granat

Ornek no 1

Analiz noktast 1-36 1-37 1-38 1-43-1 1-44-2 1-45-3 1-46-4 1-47-5 1-48-6
Agiklama k m m merkezden kenara
SiO; 34.94 35.03 35.56 35.09 34.84 34.76 34.64 34.8 35.49
TiO; 0.01 0.02 0.01 0.03 0.00 0.01 0.02 0.01 0.03
Al,O3 0.17 0.27 2.13 0.16 0.46 0.35 0.5 0.93 3.03
Cr.03 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.01
Fe.0s 31.94 31.51 29.04 31.48 31.45 31.72 31.19 30.63 28.1
MnO 0.72 0.64 0.71 0.61 0.79 0.71 0.7 0.7 0.79
MgO 0.02 0.01 0.00 0.06 0.03 0.00 0.03 0.00 0.01
CaO 31.82 31.81 31.91 31.99 31.74 31.59 31.8 31.72 32.13
F 0.32 0.28 0.27 0.27 0.35 0.32 0.32 0.3 0.31
Toplam 99.94 99.57 99.64 99.68 99.69 99.46 99.2 99.11 99.9
Si 2.89 291 2.93 291 2.89 2.89 2.89 2.90 291
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.02 0.03 0.21 0.02 0.04 0.03 0.05 0.09 0.29
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fes* 2.19 2.15 1.94 2.16 2.17 2.18 2.18 211 1.89
Fe? 0.02 0.03 0.06 0.02 0.01 0.03 0.00 0.02 0.03
Mn 0.05 0.05 0.05 0.04 0.06 0.05 0.05 0.05 0.05
Mg 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Ca 2.82 2.83 2.82 2.84 2.82 2.82 2.84 2.83 2.82
Toplam 8 8 8 8 8 8 8 8 8
Almandine 1 1 2 0 0 1 0 1 1
Spessartine 2 2 2 2 2 2 2 2 2
Pyrope 0 0 0 0 0 0 0 0 0
Grossular 1 1 9 1 2 1 2 4 13
Andradite 96 96 87 97 96 96 96 93 84

Not: Ana oksit degerleri % agirlik cinsindendir.

Yapisal formiiller 12 oksijene gore hesaplanmistir. m = merkez, k = kenar
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Ek Tablo 5. (Devami)

Mineral Granat

Ornek no 1 13

Analiz noktasi 1-49 1-50 13-11 13-12 13-13 13-14 13-15 13-16 13-17 13-18 13-19
Agiklama k m m m m k m k m m m
SiO; 35.84 34.58 36.1 35.08 35.38 35.33 35.37 35.84 35.24 34.9 36.13
TiO; 0.05 0.04 0.17 0.02 0.01 0.02 0.01 0.11 0.03 0.01 0.2
Al;03 6.72 1.30 9.83 0.5 0.16 0.5 0.19 10.3 0.46 0.11 10.34
Cr.03 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00
Fe.03 22.59 30.86 18.25 31.05 31.79 30.96 31.85 17.84 31.1 32.49 17.91
MnO 0.88 0.84 0.79 1.05 1.34 0.96 1.34 0.82 1.05 1.43 0.80
MgO 0.00 0.02 0.02 0.01 0.02 0.00 0.02 0.01 0.01 0.01 0.01
CaO 32.59 31.66 33.89 31.48 30.74 31.58 30.65 33.62 31.45 30.74 33.89
F 0.48 0.26 0.63 0.24 0.15 0.25 0.16 0.64 0.26 0.18 0.59
Toplam 99.17 99.55 99.68 99.43 99.59 99.61 99.59 99.19 99.61 99.85 99.87
Si 2.91 2.86 2.89 2.91 2.94 2.93 2.94 2.88 2.92 2.90 2.88
Ti 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
Al 0.64 0.13 0.93 0.05 0.02 0.05 0.02 0.97 0.04 0.01 0.97
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe* 1.52 2.14 1.28 2.12 2.10 2.09 2.10 1.26 2.10 2.19 1.25
Fe?* 0.02 0.00 0.00 0.04 0.11 0.06 0.11 0.00 0.05 0.06 0.00
Mn 0.06 0.06 0.05 0.07 0.09 0.07 0.09 0.06 0.07 0.10 0.05
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 2.84 2.81 2.90 2.80 2.74 2.81 2.73 2.89 2.80 2.73 2.89
Toplam 8 8 8 8 8 8 8 8 8 8 8
Almandine 1 0 0 1 3 2 4 0 2 2 0
Spessartine 2 2 0 2 3 2 3 2 2 4 2
Pyrope 0 0 0 0 0 0 0 0 0 0
Grossular 29 5 42 2 1 2 0 43 2 0 42
Andradite 68 93 58 95 93 94 93 55 94 94 56

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 12 oksijene gore hesaplanmistir. m = merkez, k = kenar
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Ek Tablo 5. (Devami)

Mineral Granat

Ornek no 13

Analiz noktasi 13-20 13-21 13-71 13-72 13-73 13-74 13-75
Agiklama m m m m m m m
SiO; 34.94 34.74 36.48 34.78 35.00 36.31 34.78
TiO2 0.02 0.01 0.17 0.02 0.01 0.33 0.01
Al,O3 0.37 0.19 10.47 0.18 0.29 9.97 0.37
Cr,03 0.00 0.00 0.01 0.01 0.00 0.00 0.00
Fe.O3 32.04 32.58 17.86 32.01 32.24 18.4 31.95
MnO 1.08 1.38 0.86 0.74 0.97 0.82 0.87
MgO 0.00 0.01 0.00 0.03 0.00 0.00 0.00
CaO 31.42 30.82 33.58 31.65 31.3 33.7 31.76
F 0.2 0.19 0.51 0.32 0.28 0.6 0.26
Toplam 100.07 99.92 99.95 99.74 100.09 100.13 100
Si 2.89 2.88 2.90 2.89 2.90 2.89 2.88
Ti 0.00 0.00 0.01 0.00 0.00 0.02 0.00
Al 0.04 0.02 0.98 0.02 0.03 0.94 0.04
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fed* 2.18 2.22 1.20 2.20 2.18 1.24 2.21
Fe? 0.03 0.04 0.00 0.02 0.05 0.00 0.00
Mn 0.08 0.10 0.06 0.05 0.07 0.06 0.06
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 2.78 2.74 2.86 2.82 2.78 2.87 2.81
Toplam 8 8 8 8 8 8 8
Almandine 1 2 0 0 2 0 0
Spessartine 3 3 2 2 2 2 2
Pyrope 0 0 0 0 0 0 0
Grossular 1 1 44 1 1 42 2
Andradite 96 94 54 97 95 56 96

Not: Ana oksit degerleri % agirlik cinsindendir. Yapisal formiiller 12 oksijene gore hesaplanmistir. m = merkez, k = kenar
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Abstract

Skin cancer is one of the most common type of cancer in humans. This type of cancer is produced by skin cells called
melanocytes and occurs as a result of division and multiplication of the mentioned cells. The most important symptom of
skin cancer is the formation of spots on the skin or the observation of changes in the shape, color, or size of the existing
spot. It is necessary to consult a specialist to distinguish the difference between a normal spot and skin cancer. Expert
physicians examine and follow up the spots on the skin using skin surface microscopy, called dermatoscopy, or take a
sample from the suspicious area and request it to be examined in laboratory environment. This situation increases the cost
of the procedure for the diagnosis of skin cancer and also causes it to be treated at a later stage. Therefore, there is a need
for a method that can detect skin cancer early. Thanks to machine learning, become popular in recent years, many diseases
can be diagnosed with software that helps expert physicians. In this study, VGGNet model structures (VGG-11, VGG-
13, VGG-16, VGG-19) that quickly classify skin cancer and become a traditional convolutional neural network
architecture using deep learning method, a subfield of machine learning, were used. It has been observed that the VGG-
11 architecture, which is one of the VGGNet model structures, detects skin cancer with superior success accuracy (83%)
compared to other model structures.

Keywords: Deep learning, Machine learning, Skin cancer classification, VGGNet

Oz

Cilt kanseri insanlarda en sik rastlanan kanser tiirlerinden birisidir. Bu kanser tiirti melanosit denilen cilt hiicreleri
tarafindan iiretilmekte ve bu hiicrelerin béliiniip ¢ogalmasi sonucunda meydana gelmektedir. Cilt kanserinin en onemli
belirtisi deri iizerinde leke olusmast veya var olan lekenin seklinde, renginde veya biiyiikliigiindeki degisiklerin
gozlenmesidir. Normal bir leke ile cilt kanserinin farkint ayirt etmek icin uzman bir hekime basvurmak gereklidir. Uzman
hekimler dermatoskopi olarak adlandirilan deri yiizeyi mikroskopisi kullanarak deri iizerindeki lekeleri incelerler ve takip
altina alirlar veya siipheli gérdiigii bolgeden parca ornegi alarak laboratuvar ortaminda incelenmesini isterler. Bu
durum cilt kanseri teshisinin yapilabilmesi icin hem islem maliyetini artirmakta hem de daha geg¢ evrede tedavi edilmesine
yol agmaktadr. Bundan dolay: cilt kanserini erken teghis edebilen bir yazilima ihtiya¢ duyulmaktadr. Son yillarda
popiiler olan makine ogrenmesi sayesinde uzman hekimlere yardimci olan bir yazilim ile bir¢ok hastalik tanisi
konulabilmektedir. Bu ¢alismada makine ogrenmesinin bir alt alam olan derin 6grenme yontemi kullanilarak cilt
kanserini hizli bir sekilde siniflandiran ve geleneksel bir evrisimsel sinir agir mimarisi haline gelen VGGNet model
yvapulart (VGG-11, VGG-13, VGG-16, VGG-19) kullamilmistir. VGGNet model yapilarindan biri olan VGG-11 mimarisi
diger model yapilarina gore cilt kanserini daha iistiin basar: dogrulugunda (%83) tespit ettigi gozlemlenmistir.

Anahtar kelimeler: Derin 6grenme, Makine 6grenmesi, Cilt kanseri siniflandirma, VGGNet
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1. Introduction

Cancer is a type of disease that develops when an organ or tissue cell divides and multiplies spontaneously and
can spread beyond the region where it is located (Akyel & Arici, 2020). There are more than 100 types of
cancer worldwide. Cancer types usually get their names from the tissue or organ where the cancers originate.

Skin cancer is one of the most common and deadly cancer types worldwide (Dildar et al., 2021; Hosny et al.,
2018; Goreke, 2021). In this type of cancer, the color pigments called melanin, which gives the skin its color,
are produced by skin cells called melanocytes. Skin cancer is defined as melanoma that occurs when these
cells divide and multiply uncontrollably (Goreke, 2021). The most important symptom of melanoma is the
formation of spots on the skin or the observation of changes in the shape, color, or size of the existing spot
(Saba, 2021). Since skin cancer usually starts on the skin surface, it is a type of cancer that has a high chance
of being diagnosed at an early stage (Ergiin & Kilig, 2021). Skin cancer can occur on the normal skin surface
without warning, or it can develop on a pre-existing mole. For this, it is necessary to define the location and
appearance of moles in the body well. Therefore, in order to identify skin cancer early, a person should
regularly check his or her own skin at regular intervals (Kadampur & Al Riyaee, 2020). Not every mole formed
in various parts of the body is harmful. However, over time, causes such as distorted asymmetrical appearance,
growth, color change, inflammation, redness, or bleeding seen in moles can cause skin cancer. Therefore,
melanoma moles should not be confused with other typical moles. Therefore, it is necessary to consult a
specialist physician to distinguish the difference between a normal spot and skin cancer.

The specialist physician first visually examines the suspicious skin area (Nawaz et al., 2021). Since some types
of skin tissue disorders are similar, it is very important to make an accurate diagnosis (Demir, 2021). Therefore,
specialist physicians examine and follow up the spots on the skin using skin surface microscopy, called
dermatoscopy, or take a sample from the suspicious area and ask them to be examined in the laboratory
environment (Manasa & Murthy, 2021). This situation both increases the cost of the procedure for the
diagnosis of skin cancer and causes it to be treated at a later stage. Therefore, disease recognition and detection
from spots on the skin is generally an image classification process (Y1ildiz, 2019). In recent years, deep learning
methods, a sub-field of machine learning, which has excelled in problems such as disease recognition and
detection, have achieved successful results by using big data (Manne et al., 2020; Dildar et al., 2021; Thomas
et al., 2021). Deep learning basically uses software that responds faster and more accurately than humans to
classify more complex structures by analyzing the raw data given to it as input (Kaya et al., 2021a and b).
Therefore, deep learning methods have gained importance in detecting the type of skin cancer (Dascalu &
David, 2019).

The subject of this study is Few-Shot Learning for Dermatological Conditions and Examination of Skin
Analysis from Multi-Modal Data Sources Algorithms to Mitigate Class Imbalance. Therefore, in this study,
VGG-11, VGG-13, VGG-16, and VGG-19 model structures, which have become a traditional convolutional
neural network architecture and are also known as VGGNet, were compared to determine the type of skin
cancer. For the training of these models, a dataset containing 1000 benign and 1000 malignant skin cancer
types was used, and it was seen that the VGG-11 model had superior performance compared to other model
structures.

The remainder of the work is organized as follows. In section 2, recent studies on the detection of skin cancer
types are presented. In section 3, information about the materials and methods related to the study is given. In
section 4, the experimental results of the study are shown. Finally, in section 5, conclusions and future work
are given.

2. Related works

In the literature, deep learning models have been frequently used in the classification of skin cancer images.
In a study of skin cancer classification using deep learning and transfer learning, an automated skin lesion
classification using a pre-trained deep learning network is proposed. In the proposed method, melanoma,
common nevus and atypical nevus a typical skin cancer type were classified with 98.61% success accuracy,
98.33% sensitivity, 98.93% specificity and 97.73% precision (Hosny et al., 2018).

In the study of detection and classification of skin cancer using transfer learning, a new learning-oriented
internet of health and things (IoHT) framework is proposed. With this proposed framework, features are
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automatically extracted from images using pre-trained VGG-19, Inception-V3, ResNet-50, and SqueezeNet
architectures. The proposed framework achieved higher success accuracy (99.60%) in skin lesion classification
compared to pre-trained architectures (Inception V3 92.30%, VGG19 94.35%, SqueezeNet 95.70%, ResNet50
97.15%) (Khamparia et al., 2021).

In another study, ResNet-101 and Inception-V3 deep learning architectures were used to detect skin cancer
with high accuracy. According to the classification results, an accuracy rate of 84.09% was obtained with the
Resnet-101 architecture and 87.42% with the Inception-V3 architecture (Demir et al., 2019). In a region-of-
interest-based study for skin cancer detection, a new system is proposed to identify and differentiate melanoma
with nevus cancer using a transfer learning approach. Since only images containing melanoma cells were
needed to train the proposed system, the K-means algorithm was used to extract ROIs from images. In addition,
DermlIS and DermQuest datasets were used in the proposed system training and success accuracy of 97.9%
and 97.4% were obtained, respectively (Ashraf et al., 2020). In the skin cancer classification model based on
VGG-19 and transfer learning, model training and test accuracy were obtained by using the Human Against
Machine dataset at a rate of 98.50% and 97.50%, respectively. Also, the model training and test loss were
obtained as 0.009 and 0.119, respectively (Abuared et al., 2020).

In an advanced skin cancer classification technique study using a deep convolutional neural network (DCNN)
with transfer learning models, a new model is proposed to accurately classify benign and malignant skin
lesions. AlexNet, ResNet, VGG-16, DenseNet, and MobileNet architectures were compared on the same
dataset to evaluate the performance of the proposed model. As a result of the comparison, the proposed model
achieved a more successful training accuracy rate (93.16%) and a test accuracy rate (91.93%) compared to
other existing models (Ali et al., 2021). In another study, a classification model was developed for pigmented
skin lesions using deep learning. For this model training, datasets belonging to six classes consisting of
malignant tumors (malignant melanoma and basal cell carcinoma) and benign tumors (nevus, seborrhoeic
keratosis, senile lentigo, and hematoma/hemangioma) were used. This dataset has been trained and tested with
a faster region-based convolutional neural network (FRCNN). As a result of the test, skin lesions belonging to
six classes were classified with an accuracy of 86.2% (Jinnai et al., 2020).

3. Material and method
3.1. System configuration

Many studies are required to achieve the best results from deep learning models. In the study, it is important
to choose a suitable programming language to reach fast and accurate results from the model structures. In this
study, Python programming language was used to apply VGGNet model structures and evaluate the results. In
this study, a computer with Intel Core i7-9750H 2.60 GHz processor, 8 GB RAM, and Nvidia GeForce GTX
1650 graphics card with 896 CUDA cores was used to process and evaluate the data of VGGNet model
structures and obtain the results.

3.2. Acquisition of image data

In this study, a dataset containing images of benign skin cancers and malignant skin cancers was used (Kaggle,
2021). In this dataset, 1800 benign skin cancer images with 224x224 pixel size and 1497 malignant skin cancer
images are in RGB color format. A total of 3297 skin images are divided into training (80%), and test (20%)
datasets. The images of both skin cancers in the dataset are given in Figure 1.
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Figure 1. Skin cancer dataset images (a) malignant (b) benign
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3.3. VGGNet model structures

Convolutional neural networks, one of the deep learning algorithms that are frequently used in recent years,
have shown outstanding success in areas such as image classification and object recognition. Convolutional
neural networks are a neural network structure that mimics the learning structure of the human brain. This
neural network is a deep learning algorithm that can separate various objects in the image by taking any input
image (Albawi et al., 2017). A convolutional neural network algorithm is often preferred to solve complex
problems in different deep learning models and to reduce the number of parameters in neural networks.
Convolutional neural networks basically consist of input, convolution, pooling, fully connected, and output
layers. Thanks to these layers, the learning of the neural network takes place (Li et al., 2018; Pathak et al.,
2018).

In this study, VGG-11, VGG-13, VGG-16, and VGG-19 models from VGGNet model structures, which have

become a traditional convolutional neural network architecture, were used. VGGNet model diagram is given
in Figure 2 and VGGNet model configuration is given in Table 1.
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Figure 2. VGGNet model diagram

VGGNet is a standard convolutional neural network architecture with multi-layer GPU support (Kaya et al.,
2020). VGGNet architecture forms the basis of object recognition models. The VGGNet architecture takes an
input image in RGB color format with a size of 224x224 pixels during the training and a 3x3 filter is used in
each convolution layer. Also, after each convolution block, the data size is reduced from input to output by
using a 2-step pooling layer with a pixel size of 2x2 (Simonyan & Zisserman, 2014).

3.4. Training and testing
A 2-class dataset consisting of benign and malignant skin cancer types was used for training and testing the

VGGNet model structures discussed in the study. Out of a total of 3297 skin cancer images in the data set,
2637 are used for model training and 660 are used for model tests. In addition, 20 epochs, 64 mini-batch sizes,
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Adamax for optimization algorithm, and ReLU parameters as activation function were used for training the
model structures used in the study.

Table 1. VGGNet configuration (Simonyan & Zisserman, 2014)

VGG-11 VGG-13 VGG-16 VGG-19
Input (224x224 RGB image)

Conv3-64 Conv3-64 Conv3-64 Conv3-64
Conv3-64 Conv3-64 Conv3-64

maxpool
Conv3-128 Conv3-128 Conv3-128 Conv3-128
Conv3-128 Conv3-128 Conv3-128

maxpool
Conv3-256
Conv3-256 Conv3-256 o Conv3-256
Conv3-256 Conv3-256 Conv3-256 Conv3-256
Conv3-256

maxpool
Conv3-512
Conv3-512 Conv3-512 ggmgg Conv3-512
Conv3-512 Conv3-512 Conv3-512 Conv3-512
Conv3-512

maxpool
Conv3-512
Conv3-512 Conv3-512 conve 12 Conv3-512
Conv3-512 Conv3-512 Conv3-512 Conv3-512
Conv3-512

maxpool

FC-4096

FC-4096

FC-2
softmax

4. Results and discussion

In the study, the classification of skin cancer types was made by running each of the VGGNet model structures
separately 5 times. The low model loss value in the classification of skin cancer types means that the model
network has learned well. Therefore, each VGGNet model structure was run 5 times and the obtained loss
values are given in Table 2. In addition, the model structure with the lowest loss value as a result of the training
conducted 5 times was discussed and the performance values of this model's test success accuracy are given
in Table 3. In addition, the classification accuracy and loss graphs obtained as a result of the training test of
each model with the lowest loss value are given in Figure 3.

Table 2. Loss values obtained by running VGGNet model structures 5 times

Model Training Model Training Model Training Model Training Model Training

Models 1 5 3 4 5
VGG-11 0.7283 0.6093 0.4885 0.4879 0.4524
VGG-13 0.5939 0.5309 0.6191 0.4894 0.4293
VGG-16 0.4048 0.3935 0.3931 0.4243 0.4068
VGG-19 0.3670 0.4059 0.4274 0.4102 0.3690

When the results given in Table 3 are examined, it is seen that the highest test success accuracy (83%) in skin
cancer type classification is obtained with VGG-11. In addition, when the graphs given in Figure 3a are
examined, it is seen that the test result of the VGG-11 model structure is better than the other models. However,
it is seen that VGG-13 achieved 82%, VGG-16 81%, and VGG-19 81% success accuracy. According to the
results obtained, it is seen that the models with less number of layers learn better. Therefore, the reason why
the model with fewer layers learns better is that the skin cancer dataset used in the study is two-class and
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accordingly the images are very different from each other. This suggests that a less layered model may be
preferred depending on the number of classes in the dataset and the distinguishability of the images.

In addition, the performance of the model with the lowest loss value among the VGGNet model structures
discussed in the study was tested and the confusion matrix given in Table 4 was obtained.

Table 3. Performance results of the model for the lowest loss value obtained as a result of the training made 5
times

Models Class Precision Recall F1-Score Accuracy Loss
VGG-11 Benign 0.86 0.84 0.85 0.83 0.45
(Model Training 5) Malignant 0.81 0.83 0.82 ' '
VGG-13 Benign 0.85 0.82 0.83 0.82 0.43
(Model Training 5) Malignant 0.79 0.82 0.81 ' '
VGG-16 Benign 0.81 0.86 0.83 0.81 0.39
(Model Training 3) Malignant 0.82 0.75 0.78 ' '
VGG-19 Benign 0.81 0.85 0.83 0.81 0.37
(Model Training 1) Malignant 0.81 0.75 0.78 ' '
Model Accuracy Plot (a) Model Loss Plot (b)
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Figure 3. VGGNet model (a) training test accuracy and (b) loss graph

Table 4. Confusion matrix values of VGGNet model structures

Models Benign Malignant
True Positive False Negative True Negative False Positive
VGG-11 (Model Training 5) 301 59 249 51
VGG-13 (Model Training 5) 296 64 247 53
VGG-16 (Model Training 3) 311 49 225 75
VGG-19 (Model Training 1) 306 54 226 74

When Table 4 is examined,; it is seen that benign and malignant skin cancer types are classified with VGG-11
83.33%, VGG-13 82.27%, VGG-16 81.21%, and VGG-19 80.61% success accuracy. According to the results
obtained from the VGGNet model structures; It is seen that the number of layers used in the VGG-11 model
structure is more suitable for determining the type of skin cancer and has a higher classification performance
than other models. However, it is seen that the VGG-19 model structure has the most unsuccessful
classification performance in total, with 54 misclassifications in the benign class and 74 misclassifications in
the malignant class. Example images of misclassifications obtained with the VGG-19 model are shown in
Figure 4.
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Figure 4. Example images of misclassifications obtained with the VGG-19 model

The skin cancer dataset (Kaggle, 2021) used in the study was used in different studies in the literature and the
results of the success rates obtained are given in Table 5 comparatively.

Table 5. Comparison of studies using the same dataset as the proposed study

References Model Accuracy (%)
Agarwal & Singh (2022) DenseNet201, ResNet50, XceptionNet, MobileNet 86.57
Hasan et al. (2021) SVM, VGG16, ResNet50, Sequential 93.18
Tumpa & Kabir (2021) ABCD + GLCM + LBP 97.70
Togacar et al. (2021) MobileNetV2 & Autoencoder & SNN 95.27
Shorfuzzaman (2021). Stacked model 95.76
Soylu & Rukiye (2021) DarkNet-19, DarkNet-53, ShuffleNet, SqueezeNet 89.89
Proposed method VGG-11, VGG-13, VGG-16, VGG-19 83.00

5. Conclusions

In this study, VGGNet model structures that classify skin cancer types and become a traditional architecture
were used. These model constructs were trained and tested using a dataset of 3297 skin cancer images.
According to the training and test results, the best classification success accuracy was obtained with the VGG-
11 model structure, with 83% and 0.45 loss rates. The model structure with the lowest classification success
accuracy was 81% with VGG-19 and the loss rate was 0.37.

As a result, the VGGNet model structures compared in the study showed good success in classifying the skin
cancer type. The applicability of VGGNet model structures in classifying skin cancer types in the field of
health increases the importance of the study and is expected to contribute to studies that classify and locate
skin cancer types in real-time in future studies. In the future, classification studies can be performed with
datasets containing multiple classifications (Actinic keratosis, basal cell carcinoma, dermatofibroma,
melanoma, etc.) for skin cancer.
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Abstract

Electric spring (ES) is a new technology inspired by the idea of realization a system that is equivalent to mechanical
springs in terms of functionality within power systems. Electric springs are comprised from a DC voltage source, an
inverter and an LC filter at the grid side. It can be used effectively in power systems to perform many functions such as
voltage regulation, reactive power compensation, demand management and energy storage. On the other hand, due to the
semiconductor elements in ES structure, it causes distortion on voltage and current waveforms. However, various control
approaches have been proposed in the literature in order to prevent the aforementioned distortions. In this study, three
different ESs has been modeled with the inverter topologies chosen from the frequently preferred once used in
applications, namely Half-Bridge, Full-Bridge, and Neutral Point Clamped Multi-Level Inverter (NPC-MLI). The
disruptive effects of electric springs with different inverter topologies on the grid and their performance in harmonic
elimination have been examined through the results obtained from simulations realized in MATLAB/Simulink®.

Keywords: Electric spring, Harmonics, Inverter topologies.

Oz

Elektrikli yay (ES), gii¢ sistemlerinde islevsellik a¢isindan mekanik yaylara esdeger bir sistem gercgeklestirme fikrinden
esinlenilerek gelistirilmis yeni bir teknolojidir. Elektrikli yaylar bir DC gerilim kaynagindan, bir inverterden ve sebeke
tarafinda bir LC filtreden olusur. Gii¢ sistemlerinde voltaj regiilasyonu, reaktif giic kompanzasyonu, talep yonetimi ve
enerji depolama gibi bir¢ok islevi yerine getirmek icin etkin bir sekilde kullanmilabilir. Ote yandan ES yapisindaki yart
iletken elemanlar nedeniyle gerilim ve akim dalga sekillerinde bozulmalara neden olur. Ancak soz konusu bozulmalarin
ontine gegebilmek icin literatiirde ¢esitli kontrol yaklasimlar: onerilmistir. Bu ¢alismada, uygulamalarda siklikla tercih
edilen evirici topolojileri ile Yarim-Képrii, Tam- Koprii ve Notr Nokta Kenetlemeli Cok-Seviyeli Inverter (NPC-MLI)
olmak iizere ii¢ farkli ES modellenmistir. MATLAB/Simulink® programinda gerceklestirilen simiilasyonlardan elde edilen
sonug¢larla, farkl evirici topolojilerine sahip elektrik yaylarimin sebeke iizerindeki bozucu etkileri ve harmonik
gidermedeki performanslart incelenmistir.
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1. Introduction

With the increase energy demand and rise of economic and environmental concerns, penetration of renewable
energy sources in electrical power systems has enhanced. In addition, on the consumption side, there is a
demanding trend in the use of smart systems that allow more efficient use of energy and interact with consumer
and various systems. While the intermittent power generation of renewable energy sources cause instability on
the generation side, consumption profiles change with the widespread usage of smart systems (Palensky &
Dietrich, 2011). Moreover, semiconductor elements within the structure of smart systems cause distortions on
voltage and current. All these aforementioned reasons reveal power quality problems in distribution systems
where renewable based DG (distributed generation) and smart systems used mostly.

Voltage stability is one of the main power quality concerns experienced in distribution systems. Intermittent
nature of renewable energy sources and variable load profiles make difficult to achieve supply-demand
balance. Voltage sags and swells are occurred as the result of these unbalances. Systems such as OLTC (On-
Load Tap Changer), STATCOM (Static Synchronous Compensator), SVR (Step Voltage Regulator) are widely
used in the distribution network to provide voltage regulation (Daratha et al., 2014; Muttaqi et al., 2015; Rao
et al., 2000). These voltage regulators operate based on the principle of keeping the output voltage value within
the desired range specified by the standards. As one of the state of the art voltage regulation systems, electrical
spring (ES) provides voltage regulation support to the system by controlling the input voltage instead of the
output voltage, unlike the conventional voltage regulation systems (Shuo et al., 2014). The concept of the
electric spring as a new smart grid technology was firstly introduced by Hui et al. (2012). Different topologies
for ES have been proposed in the literature. Hardware structures of single-phase and three-phase ESs are
presented by Q. Wang, Deng, et al. (2018). Besides voltage regulation, ES has been used for different functions
such as frequency control (Q. Wang, Cheng, et al., 2018), three phase balancing (Yan et al., 2015), storage
reduction in AC microgrids (M.-H. Wang et al., 2019), demand side management and power quality
improvement (Lee et al., 2021) with the addition of energy storage. Different control strategies have been
developed to perform these functions. Different control methods and schemes of ES have been reported
(Kaymanesh et al., 2021; Liang et al., 2020; Q. Wang, Cheng, et al., 2018; Yang et al., 2018). A detailed review
of the DC and AC electric springs has been reported by summarizing the operating principle, circuit topology,
application and control methods (M. Wang et al., 2021).

Half bridge and full bridge converter topologies are the most common converters used in ES structure. Besides,
there are also studies using multilevel converters such as cascaded H-bridge and NPC topologies as ES
converters (Duman, 2021; Pawar et al., 2017; Sundar et al., 2017). The type of converter used in ES may differ
in terms of distorting effects on voltage and current waveforms. Gajbhiye et al. (2018) compared the disturbing
effects of half bridge, full bridge and NPC type converter topologies on voltage. Electric springs can also be
operated to achieve eliminating harmonics in the input voltage while providing voltage regulation (Yan et al.,
2017). A control strategy for the elimination of harmonics on input voltage of ES has been proposed by Kanjiya
& Khadkikar (2013).

In this study, the distorting effects of half bridge, full bridge and NPC converters used in ES applications on
voltage and current waveforms have been investigated. In addition, the control of the ES has been rearranged
to eliminate voltage harmonics, beside the voltage regulation function. This control strategy has been applied
to three different types of ES converter, namely half bridge, full bridge and NPC-MLI. Since these converters
have different numbers of switching elements and different number of levels at the output waveforms, their
distorting effects on current and voltage will be different. In order to emphasize these differences, the distortion
effects of each converter on voltage and current waveforms and their performances in harmonic elimination
have been presented by illustrating the results obtained from MATLAB/Simulink®.

The dynamic switching in the operation of ES during the voltage regulation activity in the power system may
cause distortion on the current and voltage waveforms (Shademan et al., 2021). Considering the effect of a
single ES on the power system, its distorting effect on the voltage waveform may be quite limited on grid side.
However, considering the number of consumers in the distribution network, the cumulative effect of ES is
significant and needs to be considered (Zheng et al., 2020). Besides, the effect of current harmonics is
important for loads connected to point of common coupling (PCC) with ES. The results presented in this study
may guide the decisions on the converter topology to be used in ES applications.
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The remaining parts of the study is formed as follows; the next section is on the basic structure, operation
principle and control of electric springs. In the third part, the results obtained from the simulation studies on
the ESs formed with half bridge, full bridge and MLI NPC are discussed. In the last part, the remarkable
findings are mentioned by summarizing this study.

2. Basics of electric spring

ES is an emerging technology that is connected in parallel to the systems with a serial load to regulate the
voltage on the loads connected to PCC. This structure, which is formed by ES and serial load, is known as
smart load in the literature. The main feature that distinguishes ES from conventional voltage regulators such
as STATCOM, SVR, OLTC is to provide regulation of the input voltage at the point where it is connected and
to operate with a serial load (Chaudhuri et al., 2014). Therefore, ES is a promising technology that offers local
and decentralized voltage regulation. In this section, the basic structure, working principle and control strategy
of ES are given in subheadings.

2.1. Electric spring structure

General application of ES in the power system is shown in Figure 1. In the system model, the grid has been
modeled by a voltage source and an impedance. The voltage source represents the main bus connection point
which is strong as enough to have constant voltage. Ziie is the impedance of the line from the connection point
of the smart load to the main bus. The ES basically comprised from a DC input source, a power converter, and
an LC output filter. The output current is tuned by controlling the inverter. Thus, the capacitor on the branch
takes place in the system as a current-controlled voltage source. The structure formed by ES and a serial load
which has low voltage sensitivity and is named as non-critical load, is connected in parallel to the power
system. The load that is connected in parallel to the system from PCC is called critical load, and sensitive to
voltage changes. Different configurations of ES (ES-1, ES-2, ES-3, ES-4, and DCES) have been mentioned in
the literature (Tapia-Tinoco et al., 2020). This study is based on ES configuration with battery on the DC side
which is known as ES-2.

2.2. Operation principle of electric spring

ES is a power electronics interface that modifies a voltage profile on the capacitor with the purpose of
regulating the non-critical load voltage to be compatible with the voltage fluctuations in the system. Therefore,
ES and non-critical load provide voltage regulation in a cooperative manner and this formation is called as
smart load.

4 line

Zer
(critical load)

Electric Spring

Lcr )
(noncritical load)

Smart Load

Figure 1. Schematic of a basic electric power system with an electric spring

The relationship between the voltage at PCC (Vs), the voltage of capacitor on the branch (Ves), and the
voltage non-critical load voltage (Vo) is given by (1).
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Vs = Vo + Vgs (1)

Icap = lgs + Iinj 2

The current flows through the capacitor (lcap) in the structure forming the smart load is equal to the sum of the
phasors of the smart load current (les) and the current injected (liy;) into the system by the ES as given in (2).
The phasor of the voltage on the capacitor (Ves) should be perpendicular to the non-critical load current phasor
(les) to provide reactive power compensation for the purpose of voltage regulation. ES boosts PCC voltage by
operating in capacitive mode in which Ves leads Ies by 90° (Figure 2b). On the other hand, for reducing voltage,
ES operates in inductive mode in which Ves lags les by 90° (Figure 2c).

¥ -_5-=r -r.-,lfzr "ner ¥ -_5-=T -“_}r = Fuer ¥ -_5-=T -“_}r =F ner
& L 3 . L
I PCC PCC PCC
Vis &+ i Current Ves &4 i Current Veg /— i Current
— Controller — Controller + Controller
Vs Vs Vs

Figure 2. The operation modes and phasor voltage diagram
2.3. Controlling method of electric spring

In this study, the control of ES has been designed as combining two separate control loops in a way to provide
voltage regulation and eliminate voltage harmonics, simultaneously. Each control loop has been indicated
separately on the control block diagram within rectangular frames as shown in Figure 3.

In the voltage regulation control loop, the RMS value of the fundamental component of PCC voltage (Vs1) is
compared with a reference value and the error is sent to the PI controller. In order to obtain the amplitude of
the modulation index whose value is between 0 and 1, the PI output is multiplied by a proper gain (k) and its
absolute value is taken. Whether the rms value of the Vs voltage is smaller or greater than the reference voltage
value determines the operating region of the ES. PLL block has been used to determine the phase angle of non-
critical load current. In order to ensure that the controlled voltage Ves and noncritical load current are
perpendicular to each other, 90 degrees is added or subtracted from the angle value obtained from the PLL
block according to the output sign of the PI block. If the value at the output of the PI controller is negative, 90
degrees is added to the phase angle of the current and the ES is operated in inductive mode. However, ES is
operated in capacitive mode in case of the value at the PI output is positive. In order to obtain the voltage
control signal, the amplitude value from the PI output is multiplied by the unit sine waveform whose phase
angle is determined according to the operating region of the ES.
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harmonic control loop
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Figure 3. Control block diagrams of electric spring

The harmonic control loop proposed by Kanjiya & Khadkikar (2013) is used to reduce PCC voltage harmonics.
Harmonic control loop has been implemented in two steps. In the first step, the harmonic content of the
distorted PCC voltage is extracted by using Second Order Generalized integrator (SOGI) structure. The transfer
function of SOGI is given in (3). In the second step, multiple resonant controller (MRI) structure has been used
to determine the harmonic order to be eliminated. The transfer function of the resonant controller is given in

(4).

_vep(s) . sZ+w?
TFh - vs(S) T s2+kws+w?2 (3)
2knwWes
Th = Y s ew )

In (3), w is the angular frequency, k is the damping factor. In Equation-4, w, is the controller band-width, k,,
is the resonant gain, and w,, is the nt"* harmonic angular frequency to which controller is tuned for.

The damping factor in SOGI and the resonant gain in MRI has been determined by considering the signal from
voltage control loop. In order to have control signals in the defined range, damping factor and resonant gain
have been chosen as 10 and 0.005 respectively. Thus, the signals from the harmonic control loop have been
scaled to the magnitudes that the signal from the voltage control loop can carry.

3. Simulation results

A test system has been modelled in MATLAB/Simulink® by using SimPower blocks to verify the voltage
regulation and harmonic elimination performances of the electric springs with different power inverter
topologies, namely HFB-ES, FB-ES and NPC-ES. The schematic diagram of the simulated test system is
illustrated in Figure 4.

Vac represents the equivalent power supply for a weak point in the network. It is arranged to have a waveform
containing the fundamental component and the 5th harmonic to verify the harmonic elimination performance
of the ES. In order to test the voltage regulation performance of the ES at different voltage levels, Vac has been
varied in three different cases as nominal, voltage sag and over voltage. Simulated test system parameters are
given in Appendix.
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When the simulation results for the voltage regulation are examined, the performances of three different ES
formed with half bridge, full bridge and NPC-MLI topologies are quite close to each other such that all ES's
have provided the reference voltage value (220V RMS) on the PCC at the same time. Therefore, for the
simplicity, only the HB ES simulation results are shown in Figure 5. In the simulation carried out, the PCC
voltage has been arranged as nominal voltage in the range of 0-3 s, undervoltage in the range of 3-8 s, and
overvoltage in the range of 8-15s.

Zﬁne
A &
Tpsy |
R L
Vg 7 i %
C—= Ve v
¢ Power dc
Vi /\\/ Ve Diverter Zer
x L SPWM
7z : Contral :
ncr
Vi
Vs —am Toltage . - Harmonic -—Vs
vy ¥ 'es—mLontrol loop- Control loop-

Figure 4. Power system model used in simulations

When the simulation results were examined, it has been seen that ESs with different inverter topologies have
reacted to the voltage change on each interval and succeeded to regulate the voltage at the PCC point to the
desired reference value, with a very close performance. However, these ESs are expected to differ in terms of
their disruptive effects on the system or their success in harmonic elimination, since they have different
numbers of semiconductor switching elements within their structure.

In order to figure out the disruptive effect of ES on the system, two different simulations have been performed,
with and without the ES. For the case without ES, the capacitor in the same branch as the non-critical load has
been removed, leaving only critical and non-critical loads on the load side of the system model. In this case,
the input voltage has been adjusted as 220V RMS at the PCC and it has been distorted by including fifth
harmonic component. The THD value at PCC has been observed to be 4.44% for this case. In the case that
includes ES, the voltage at the PCC point has boosted by the capacitor which is connected to output of ES.
The ES have operated within the system as compensating the voltage-boosting effect of the capacitor. Under
these conditions, ES has again achieved to regulate the PCC voltage to the desired value, but the THD value
has increased to 5.23%.

As can be seen from the results obtained, the activities of the ES in the system create a disruptive effect on the
system. The control of the ES can be improved as to eliminate harmonics in the PCC voltage. Thus, ES can
exhibit an additional function as harmonic filter besides voltage regulation. For this purpose, by adopting the
control approach suggested in the literature (Figure 3), a harmonic control loop has been included in parallel
with the voltage control loop. A case study has been conducted to observe the changes on the voltage
waveforms and modulation index as a result of the activity of the harmonic control loop. At first, the harmonic
control loop was deactivated, and it has been activated in the control loop after two second and the system has
been operated for a while. While the THD of the voltage at the PCC point was 6.78%, this value decreased to
4.26% with the activation of the ES and harmonic control loop. This effect can be seen obviously from the
improvement on the voltage waveform of the critical load, given in Figure 6.

ESs formed with different inverter topologies (HB, FB, and NPC-MLI) are simulated by applying the above-
mentioned input voltages with the control approach shown in Figure 3. The results obtained from the
simulations (Table 1) have been examined in terms of voltage regulation and harmonic elimination
capabilities.When Table 1 is examined, all ESs provided the desired voltage value in PCC. Among the
considered ES types, NPC-ES shows the best performance in terms of harmonic elimination.
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As can be seen from the Table — 1, the lowest values for the voltage and current THD and TDD (Total Demand
Distortion) on the critical load has been obtained in the case with NPC-ES, for all intervals. The second-best
performance in terms of harmonic elimination has been achieved by FB-ES. When the THD values of the
voltage and current waveforms of the critical load obtained for all cases are compared, the harmonic
elimination performances of HB-ES and FB-ES are close to each other, but NPC-ES outperforms these two
ES types by far. In systems with multiple loads connected from a single point, the TDD value is more
appropriate to express the amount of distortion in the current. The TDD values calculated over the simulation
results also support the findings above.

In order to eliminate the harmonics in the input voltage, the ES injects a current containing inverse harmonics
into the system. This non-sinusoidal current creates a non-sinusoidal voltage across the capacitor (Ves) in
series with the non-critical load. Thus, the non-critical load voltage distorts by the effect of the voltage across
the capacitor. The level of distortion is directly proportional to the success of the ES in eliminating harmonics.
A current with a more distorted waveform is required for more successful harmonic elimination. When the
THD values of non-critical load voltages are examined from the table, it has been seen that the highest
deterioration occurs with NPC-MLI ES.

235 X T 250 .
........... without ES @ == \es @
230+ with ES (HB) ] —— Vner
200

225}
- -
& 220 g f I
N K r_ 7 |
- 100 I

215 |

L
210 30 '
: 0 .
0 3 .8 15 0 3 8 15
time (s) time (s)

Figure 5. (a) PCC voltage RMS variation with and without ES (b) variations of ES voltage RMS and
noncritical load voltage RMS
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Figure 6. Voltage waveforms and modulation index change after harmonic control loop activation
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Table 1. Simulation results at time intervals of 0-3 seconds, 3-8 seconds and 8-15 seconds

Time interval 3-8 s Time interval 0-3 s

Time interval 8-15s

314 V(peak)
20 V (peak)

V1

305 V(peak)
20 V (peak)

V1
Vs

V1=330 V(peak)

V5:

20 V (peak)

V5=

Voltage Current THDy THD, TDD

(V) (1) (%) (%) (IL=30A)
Half Bridge ES Critical Load 220.23 4.69 4,58 2.07 0.32
Noncritical Load 178.99 18.64 10.04 4.23 2.62
Full Bridge ES Critical Load 220.16 4.69 4.26 1.92 0.32
Noncritical Load 179.24 18.61 11.98 5.05 3.13
NPC ES Critical Load 220.09 4.69 3.07 1.38 0.22
Noncritical Load 179.95 1851 19.28 8.12 4.99
Half Bridge ES Critical Load 220.33 4.70 4.69 2.12 0.33
Noncritical Load 146.99 1528 1140 4.80 2.44
Full Bridge ES Critical Load 220.34 4.69 4.33 1.96 0.31
Noncritical Load 148.00 15.34 14.00 5.90 3.01
NPC ES Critical Load 220.22 4.70 3.32 151 0.24
Noncritical Load 147.91 1517 2182 9.18 4.62
Half Bridge ES Critical Load 220.22 4.69 455 2.06 0.32
Noncritical Load 150.22 1559 1221 5.15 2.67
Full Bridge ES Critical Load 220.31 4.70 4.37 1.98 0.31
Noncritical Load 152.30 15,79 13.32 561 2.95
NPC ES Critical Load 220.17 4.69 3.19 1.44 0.22
Noncritical Load 150.38 1540 2232 9.40 4.80
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3. Conclusions

In this study, the voltage regulation and harmonic elimination performances of three different ESs consisting
of HB, FB and NPC-MLI are compared. Considering the simulation results, it has been observed that three
types of ES give similar results in terms of voltage regulation. However, they differ in terms of their success
in harmonic elimination. When the simulation results are compared, the THD values for the voltage and current
of the critical load are ordered from lowest to highest as NPC MLI ES, FB ES, and HB ES. Another superiority
of using NPC-MLLI in ES is requiring a lower DC voltage at the input, so the semiconductor switching elements
are exposed to lower dv/dt. On the other hand, NPC-MLI ES has a drawback as including more semiconductor
switching devices than the alternatives, HB-ES and FB-ES. Therefore, controlling inverter is more complicated
and the overall system cost is higher than the HB and FB.

The desired voltage level at the critical load can be obtained and the distortion can be reduced in all cases as
obtained from simulation results. However, the situation is different for the non-critical load. As a result of the
improvements provided in the critical load voltage, it can be seen that the distortion of non-critical load voltage
has increased. Harmonics in the current and the voltage waveforms cause losses. By reducing the THD value
at the critical load voltage, power losses over the critical load are prevented. On the other hand, the losses on
the non-critical load are increased since the distortions in the voltage and the current waveforms are high. The
simulation results obtained, and findings remarked in the study may guide to the practitioners to decide on the
inverter types which is most convenient for their applications.

As a future work, real-time hardware implementation of the system is planned to be build. In addition,
examining the cumulative effects that will occur in a system with more than one smart load may take place in
future studies.
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Appendix
System Voltages
Time Intervals 0-3s 3-8s 8-15s
Input voltage (Vy,,,) 222V 215V 234V
PCC Reference 220V
voltage (Vrefyys)
System Impedance
R L
Line impedance (Zjjne) | 0.1315Q 3.155mH
Noncritical Load 8.6 Q 13.37 mH
Critical Load 429 Q 60 mH
Electric Spring
Low Pass Filter Ry Ly
30 0.5 mH
Capacitance 13.2 pF
Inverter Topology Half- Full- NPC-
Bridge | Bridge MLI
DC voltage 600 V 300V 300V
Number of Switches 2 4 8
Switching Frequency 5 kHz 5 kHz 5 kHz
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Oz

Bilgiye dayali ariza teshis yontemleri, sirasiyla model tabanli ve sinyal tabanl teshis yontemlerinde gerekli olan kesin
model ve sinyal kaliplarina ihtiyag duymadiklari i¢in daha fazla tercih edilir hale gelmistir. Makine 6grenimi teknikleri,
ham sinyallerden saglik durumlarina bilgileri esleyerek ariza teshisinde dikkate deger sonuglar saglamaktadir. Ancak
makine 6grenimi yontemlerinin kullanildig1 diger endiistriyel uygulamalarda oldugu gibi kotii niyetli saldirilara karst
zafiyetleri ortaya ¢ikmaktadir. Bu ¢alismada erisime agik CWRU rulman saglik durumu veri kiimesindeki 10 farkli saglik
durumunu igeren titresim sinyalleri 2B goriintiilere ¢evrilmis ve goriintiilerin siniflandirilmasi i¢in kullanilan derin artik
ogrenme (DRL) ag modeline beyaz kutu cekismeli saldirlarindan Hizli Gradyan Isareti Yontemi (FGSM), Temel
Yinelemeli Yontem (BIM), izdiisiiriilen Gradyan Inis (PGD) ve Carlini ve Wagner (CW) saldirilar1 uygulanmistir.
Uygulanan cekismeli makine 6grenmesi saldirilarinin etkisini incelemek i¢in DRL modelinin dayanikliligi analiz
edilmistir. Elde edilen sonuglara gore uygulanan ¢ekismeli saldirilar DRL modelini kandirarak yanlis sonug iiretmesine
yol agmis ve rulman ariza teshis siniflandirma dogrulugunu diisiirmiistiir. 2B goriintiilere oldukea kiigiik bir pertiirbasyon
eklenmesi sonucu %99.98 olan siniflandirma dogrulugu FGSM, BIM, PGD, ve CW saldir1 yontemleri ile sirasiyla
%68,38, %61,75, %61,88 ve %63,31 degerine diismiistiir. Ulagilan sonuglar kullanilan ¢ekismeli makine dgrenmesi
saldirt yontemlerinin rulman ariza teshis simiflandirma dogrulugunu diisiirmesi i¢in biiylik potansiyele sahip oldugunu
gostermektedir.

Anahtar kelimeler: Ariza teshis sistemi, Cekismeli makine 6grenmesi, Derin artik 6grenme modeli

Abstract

Knowledge-based fault diagnosis methods have become more preferred as they do not need precise model and signal
patterns required in model-based and signal-based diagnosis methods, respectively. Machine learning techniques provide
remarkable results on fault diagnosis by mapping information from raw signals to health condition. However, their
vulnerabilities against adversarial attacks arise as in the other industrial applications employing machine learning
methods. In this study, the vibration signals containing 10 different health condition in the public CWRU bearing health
condition dataset are converted into 2D images and Fast Gradient Sign Method (FGSM), Basic Iterative Method (BIM),
Projected Gradient Descent (PGD) and Carlini and Wagner (CW) white box adversarial attacks are applied into the
deep residual learning (DRL) network model which classifies the images of rolling bearing. The robustness of the DRL
model is analyzed to examine the effect of the implemented adversarial machine learning attacks. According to the
obtained results, the adversarial attacks fooled the DRL model, causing it to produce misclassification results and so
decrease the bearing fault diagnosis classification accuracy. As a result of injecting quite small perturbation to 2D
images, the classification accuracy, which was 99.98%, is decreased to 68.38%, 61.75%, 61.88% and 63.31% by FGSM,
BIM, PGD and CW attack methods, respectively. The achieved results show that the adversarial machine learning attack
methods have great potential to reduce the accuracy of bearing fault diagnosis classification.
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1. Giris
1.Introduction

Endiistri 3.0'dan Endiistri 4.0'a gecisle birlikte endiistriyel siiregler daha akilli olmaktadir. Ozellikle her bir alt
siire¢ durumunun izlenmesi, detaylandirilmis sensorler sayesinde daha kolay hale gelmektedir. Endiistriyel bir
siiregte istenilen performansin elde edilmesi ¢ok 6nemli olmasina ragmen, siirecin giivenilirligi de hem
giivenlik hem de siirdiiriilebilirlik agisindan ayni derecede 6nemlidir. Bu nedenle, ariza teshisi, hem akademi
hem de endiistri tarafindan 6nemli derecede ilgi ¢eken bir siire¢ mithendisligi arastirma alanidir (Park vd.,
2020). Donen makinelerin 6nemli bir pargasi olan rulmanlarin ariza teshisi, ¢ekici arastirma alanlarindan
biridir. Rulman ile yataklanmis bir makinedeki rulmanda meydana gelen herhangi bir arizanin erken tespiti,
tiim siirecin bozulmasini onleyebilir (Demir & Miistak, 2021; Zhao vd., 2021).

Ariza teshis yontemleri model tabanli, sinyal tabanli, bilgi tabanli ve hibrit ariza teshisi olarak siniflandirilabilir
(Gao vd., 2015). Bu yontemlerden bilgi tabanli olanlar, sirasiyla model tabanli ve sinyal tabanli yontemlerde
gerekli olan kesin model bilgisi ve isaret oriintlisiine ihtiyag duymadiklari i¢in daha fazla tercih edilir hale
gelmistirler. Bilgiye dayali yontemlerde, ham 6lgiilen veriler ile siirecin durumu arasinda bir iligki yiiritmek
icin uzun vadeli siirekli izlemeden toplanan biiyiik veriler kullanilir (Jia vd., 2018). Endiistri 4.0, veri toplama
prosediiriinii hizlandirmakta ve arastirmacilari, ariza teshisinde biiyiik verilerin potansiyelini kullanmaya
yonlendirmektedir (Chen & Lin, 2014). Rulman arizasi agisindan, dogrusal olmayan ve dengesiz kararlilik
Ozelliklerine sahip titresim sinyalleri bu biiylik veriyi olusturmaktadir. Titresim sinyallerindeki zorluklarin
iistesinden gelmek i¢in, rulmanin saglik durumunun izleme siirecinde yaygin olarak makine 6grenmesi (ML)
ve daha ¢ok derin 6grenme (DL) algoritmalar1 kullanilir (Zhao vd., 2021).

DL yaklagimlari, titresim sinyallerinden saglik durumuna bilgileri haritalayarak rulman ariza teshisinde
memnun edici sonuglar saglamaktadirlar. Ancak, DL yaklagimlarini kullanan diger endiistriyel uygulamalarda
oldugu gibi bdyle bir ariza teshis sisteminde art niyetli saldirilara karsi artan giivenlik agiklar1 sorunu ortaya
cikmaktadir (Kumar vd., 2020). DL tabanli sistemlere karsi gerceklestirilen art niyetli saldirilara Cekismeli
Makine Ogrenmesi (AML) saldirilar1 ad1 verilir. AML'nin amaci, DL modeline hafif pertiirbasyon ekleyerek
siniflandiricty1r nominal kararimi degistirmeye gizlice zorlamaktir. Bu nedenle, yanlhs siniflandirma sayisi
artabilecegi igin modelin performansi diisebilmektedir (Anthi vd., 2021).

1.1. Literatiir taramasi
1.1.Literature review

Literatiir caligmalar1 ariza teshis ve c¢ekismeli makine 6grenmesi ¢alismalar1 olmak iizere iki alt boliimde
incelenmistir.

1.1.1. Ariza teshis calismalari
1.1.1. Fault diagnosis studies

Wen vd. (2017) ariza teshisi igin LeNet-5'ten ilham alan evrisimli sinir ag1 (CNN) tabanli bir yaklagim
onerdiler. Caligmalarinda bir motor rulmaninin halka agik veri kiimesinden alian titresim sinyallerini 2B gri
seviyeli goriintiilere doniistiirdiiler. Calismanin sonucunda, rulman ariza teshisinde 2B goriintiileri kullanan
CNN tabanli yaklagimlarimin etkinligini vurguladilar. Transfer 6grenme (TL) teknigi Guo vd. (2018) igin
rulman ariza teshisi ¢aligmalarina ilham kaynagi olmustur. Calismada iki agamali bir yaklasimla derin bir
evrisimli TL ag1 sunulmustur. Asamalardan birinde, rulmanin saglik durumu, ham sinyallerin ayirt edici
Ozelliklerini 6grenen 1D CNN kullanilarak siniflandirilmistir. Rulmanin titresim sinyallerini kullanan TL
tabanli bagka bir yontem Wen vd. (2019) tarafindan tamtilmigtir. Calismada, ham titresim sinyallerinden ayirt
edici ozellikleri ¢ikarmak i¢in ii¢ katmanli bir seyrek otomatik kodlayict kullanilmistir. Caligmanin sonuglari,
sunulan teknigin klasik ML yontemlerine gore daha iyi siniflandirma dogrulugu sagladigimi géstermektedir.
Liu vd. (2019) bir ariza teshis ¢6ziimii olarak derin bir gekismeli alan uyarlama modeli sunmustur. Daha degerli
rulman arizas1 6zelliklerini ¢ikarmak icin derin y1g8in otomatik kodlayici ve 6zellik 6grenme birlestirilmistir.
Bu ¢alismada, geleneksel ML ve DL yontemlerine kiyasla oldukga iyi saglik simiflandirmasi sonuglar elde
edilmistir. Chen vd. (2020) dongiisel spektral analizi igeren DL tabanli bir teknik tanitmistir. Once farkli
rulman ariza tiplerinin ayirt edici modelleri elde edilmis, daha sonra rulmanin saglik durumunu siniflandirmak
icin 6nerilen bir CNN modeli uygulanmistir. Derin bir orman ve bir CNN modeli igeren hibrit bir teknik Xu
vd. (2021) tarafindan sunulmustur. Derin orman siniflandiricisi, titresim sinyallerinden tiretilen zaman-frekans
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gorintilerini kullanan CNN modeli tarafindan ¢ikarilan ayirt edici 6zelliklerle beslenmistir. Bir CNN modeli
ve bir uzun kisa siireli bellek (LSTM) modeli, rulman ariza teshisinde ham titresim sinyallerini kullanan ugtan
uca bir DL yaklasimi olarak birlestirilmistir. 2D gri seviyeli gorintiilerle beslenen bir CNN modeli Zhao vd.
(2021) tarafindan sunulmustur. Calismada, titresim sinyallerini 2D goriintiilere doniistiirmek i¢in bir sinyalden
gorilintliye haritalama teknigi kullanilmistir. Rulman ariza teshis icin gerceklestirdigimiz 6nceki calismada
(Ayas & Ayas, 2021), titresim sinyallerinden olusturulan 2B goriintiiler ve rulman saglik durumu arasinda
uctan uca eslemeyi 6grenmek i¢in olusturulmus derin artik 6grenme (DRL) tabanli bir model onerilmistir.
Kapsamli literatiir taramasi igin Park vd. (2020) tarafindan sunulmus olan derleme makalesi incelenebilir.

1.1.2. Cekismeli makine 6grenmesi calismalari
1.1.2. Adversarial machine learning studies

Sinir aglarindaki giivenlik ag¢iklarindan ilk kez 2013 yilinda Szegedy vd. (2013) tarafindan bahsedilmistir.
Agin tahmin hatasin1 maksimize ederek hesaplanan, giicliikle algilanabilen bir pertiirbasyon enjekte ederek bir
gorlintliniin yanlis siniflandirabilecegini vurguladilar. Hesaplanan pertiirbasyonu mesru goriintiiye enjekte
ederek, insan goziiniin algilayamayacagi yaniltict bir goriintii elde edilebilecegi bu ¢alismada gosterilmistir.
Ardindan, 2015 yilinda Goodfellow vd. (2015), geri yayilm kullanilarak verimli bir sekilde hesaplanan
gradyana gore cekismeli ornekler olusturabilen Hizli Gradyan Isaret Yontemi'ni (FGSM) sunmusturlar.
FGSM'nin farkli bir bi¢imi olarak, daha fazla ¢ekisme ¢esitliligi arayan Hizl1 Gradyan Degeri (FGV) yontemi
2016 yilinda Rozsa vd. (2016) tarafindan tanitilmistir. FGV yontemi, ham bir gradyan kullanir ve yalnizca
gradyanin isaretini kullanan FGSM'ye kiyasla daha az dokusal bozulma ile sonuglanan daha etkili
pertiirbasyonlar iirettigi belirtilmistir. Yanlis siniflandirma igin yeterli minimum pertiirbasyonu lireterek derin
sinir aglarin1 kandiran DeepFool isimli yaklasim Moosavi-Dezfooli vd. (2016) tarafindan Onerilmistir.
FGSM'nin yinelemeli bir versiyonu olan Temel Yinelemeli Yontem (BIM) Kurakin vd. (2016) tarafindan
sunulmustur. BIM'in farkli bir formu olarak bilinen izdiisiiriilen gradyan inisi (PGD), Madry vd. (2016)
tarafindan en giiclii "birinci dereceden g¢ekismeli" saldir1 olarak sunulmustur. PGD, ag ile ilgili birinci
dereceden bilgileri kullanir.

AML uygulamalari ile ilgili caligmalar son yillarda hizla artmaktadir. 2018 yilinda Suciu vd. (2018), dogrusal
bir siniflandiriciya sahip Android kotii amach yazilim algilama sistemine karsi zehirlenme saldirisi
baslatmiglardir. 2019 yilinda Kuppa vd. (2019), denetimsiz aykirilik dedektoriine karsi bir gri kutu saldirist
baslatmustirlar ve dikkate deger bir sonug elde etmistirler. 2020'de Xu vd. (2020), hem n-gii¢lii diigiimleri hem
de FGSM yontemini kullanarak kotii amaghi yazilim siniflandiricisina karst bir gri kutu saldirist
baglatmiglardir. 2021'de Vakhshiteh vd. (2021) yiiz tamima sistemlerine karsi gergeklestirilen ¢ekismeli
saldirilar hakkinda kapsamli bir derleme ¢alismasi sunmusturlar. Makalede giris goriintiileri dogal goriinse bile
yliz tanima sistemlerinin AML'ye kars1 savunmasiz oldugu vurgulanmaktadir.

Kurakin vd. (2018) tarafindan fiziksel diinyada AML tekniklerinin miimkiin oldugu ele alinmistir. Basili
cekismeli Ornekler, bir cep telefonu kameras:t kullanilarak bir ImageNet siiflandiricisina beslenmistir.
Sonuglar, ¢cekismeli 6rneklerin ¢ogunun yanlis siniflandirildigini gostermektedir. Brown vd. (2017), evrensel
cekismeli goriintli yamalari olusturmak i¢in bir yontem 6nermislerdir. Olusturulan yamalar herhangi bir resme
yapistirilabilir ve yazdirilabilir. Bu ¢alismada, yeni ¢ekismeli goriintiiniin, yapistirilan yama hedef nesneden
daha kiiciik olsa bile siniflandiriciyr aldattigi vurgulanmustir. Sayles vd. (2021), okiiler artefaktlarla hedef
nesne yerine nesneyi aydinlatan 151k seviyesini degistirmistir. Insan gozii tarafindan algilanamayan fiziksel
cekigmeli goriintiiler yanlis siniflandirilmagtir.

Cekismeli saldirilar ve savunma mekanizmalarindaki ilerlemelerle ilgili kapsamli literatiir taramasti igin Akhtar
vd. (2021) tarafindan sunulmus olan derleme makalesi incelenebilir.

1.2. Calismanin motivasyonu ve katkisi
1.2.Motivation and contribution of the study

Bu ¢aligmadaki temel amag, makine 6grenmesi tabanli rulman ariza teshis yaklagimlarinin AML saldirilarina
kars1 potansiyel bir hedef olup olmadiklarini incelemektir. Bu kapsamda onceki ¢alismamizda (Ayas & Ayas,
2021) rulman ariza teshisi icin onerdigimiz degistirilmis DRL modeli ele alimmustir. Onerilen DRL modelinin
performansi, 10 farkh saglik durumunu igeren erisime acik bir veri seti izerinde test edilmis ve ilgili galigmada
giincel teshis yontemleriyle karsilastirilmistir. Bu karsilastirma sonucunda degistirilmis DRL modelinin
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mevcut yontemlerden daha iyi performans gosterdigi ve ortalama %99,98 dogrulukla ¢alistig1 gézlemlenmistir.
Bu ¢aligma kapsaminda degistirilmis DRL modelinin AML saldirilari kargisindaki dayanikliligr incelenmistir.
FGSM, BIM, PGD ve Carlini ve Wagner (CW) saldirilari ¢alisma kapsaminda incelenen AML saldirilaridir.

2. Materyal ve metot
2. Material and method

Cekismeli makine &grenmesi saldirilarimin rulman ariza teshisindeki etkilerini incelemek i¢in calisma
kapsaminda kullanilan veri kiimesinin detaylari, bu veri kiimesindeki saglik durumlarini teshis etmek igin
kullandigimiz degistirilmis DRL modelinin mimarisi ve degistirilen DRL modeline uygulanan AML saldirilar
alt bagliklarda detaylandirilmistir.

2.1. Veri kiimesi tamitim
2.1. Dataset description

Caligmada rulman titresim sinyallerini iceren yaygin olarak kullanilan erisime agik Case Western Reserve
University (CWRU) veri kiimesi kullanilmigtir. Veri kiimesi normal saglikli duruma (RHC) ek olarak, i¢ yuva
arizasi (IRF), dis yuva arizas1 (ORF) ve bilye arizasi (RF) olmak iizere {i¢ farkli ariza durumu icermektedir.
Ayrica, her arizali durumun 0,18 mm, 0,36 mm ve 0,54 mm olmak iizere ii¢ farkli biiyiikliik diizeyi vardir.
Dolayisiyla veri setinde toplam on farkli saglik durumu bulunmaktadir. Bu on farkli kosulun titresim sinyalleri,
12 kHz 6rnekleme frekansi ile dort farkli yiik senaryosu (0, 1, 2 ve 3 hp) altinda toplanmustir.

Veri kiimesinde bulunan 1B ham titresim sinyalleri ilk olarak 64x64 boyutunda 2B goriintiiye
doniistiiriilmistiir. 1B sinyaller {izerinde uygulanan veri 6n igslemenin islem adimlar1 6nceki ¢aligmamizda
(Ayas & Ayas, 2021) detaylandirilmistir. Calisma kapsaminda kullanilan derin sinir agr modelinin
egitiminde her bir saglik durumu i¢in 560 goriintii olmak {izere toplam 5600 goriintii, test asamasinda
ise her bir saglik durumu i¢in 160 goriintii olmak {izere toplam 1600 goriintii kullanilmistir. On farkli
saglik durumu igin elde edilen bazi 6rnek goriintiiler Sekil 1°de verilmistir.

IRF_54

REZ -2 2P

ORF_36 ORF_54 RF 18 RF_36 RF 54

Sekil 1. Rulmanin 10 farkli saglik durumu igin 1B ham titresim sinyallerinden déniistiiriilen
goriintiiler
Figure 1. The images converted from 1D vibration signals for 10 different health conditions of
the bearing

2.2. Degistirilmis DRL simiflandiricisi
2.2. Modified DRL classifier

Sekil 2, ozellik gosterimi, DRL ve simiflandirma aglar1 yapilarindan olugan DRL agmin mimarisini
gostermektedir. Ozellik gdsterimi ag1, gri tonlamali goriintiileri 6zellik haritas1 olarak temsil etmek icin giris
olarak almaktadir. Ardindan, DRL, ariza teshis gorevini yerine getirmektedir. Son olarak, DRL aginin son
katmanindaki 6zellik haritalari, rulmanmin ariza durumunu belirlemek i¢in siniflandirma agina giris olarak
verilmektedir.

213



Ayas ve Ayas 2023 / Cilt:13 « Sayi:1 » Sayfa 210-220

IRF_18
IRF_36

Blok A Blok_A Blok B IRF 54
ORF 18
/ ORF 36
-——-19 57 — — TORF54
RF_18

RF_36

RF_54

RHC

AR S B RV

Konvolisyon Y1gin Normalizasyonu ReLU Havuzlama

Toplama Tam Baglantili Katman Softmax

Sekil 2. Onerilen degistirilmis DRL ag mimarisi ve blok yapilart
Figure 2. The proposed modified DRL network architecture and its block design

Ozellik gosterimi agimin girisi olan 64x64 gri tonlamali goriintiiye, X ve y boyutunda 2 adim ve 3 dolgu
kullanilarak her biri 7x7 boyutunda 64 farkli filtre ile konvoliisyon islemi uygulanir. Konvoliisyon katmanini,
y1g1n normalizasyonu katmami ve ReLU aktivasyon fonksiyonu takip etmektedir. Ozellik gdsterimi ag1, 3x3
boyutunda 2 adim ve 1 dolgu kullanilan maksimum havuzlama gergeklestiren bir havuzlama katmani ile sona
ermektedir. Sonug¢ Ozellik haritalar1 daha sonra DRL agina beslenir. Bloklarda kullanilan konvoliisyon
katmanlar1 3x3 filtre boyutuna sahiptir. Bir blokta kullanilacak olan filtre sayisini tasarlamak i¢in benimsenen
yaklagim, elde edilen 6zellik haritasi boyutu 2 adim kullanilarak yariya indirildiginde filtre sayisinin 2 katina
cikarilmasidir. Blok B’de gosterildigi gibi 6zellik haritalarini toplamak icin artik §renme semasina atlamali
baglant: yapis1 eklenmistir. Ozellik haritalar1 aym boyutta oldugundan dolay: Blok A dogrudan kullanilirken,
Blok B yapisinda boyutu artirmak ig¢in 1x1 boyutlu konvoliisyon kullanilarak giris 6zellik haritasina bir
projeksiyon semas1 uygulanir. Smiflandirma agi, boyutu son konvoliisyon katmaninin ¢ikisina esit olan ve ayni
boyutta adim kullanan bir ortalama havuzlama katmaniyla baglamaktadir. Sonug 6zellik haritalari, 10 yollu
tam baglantili bir katmandan gegirilerek softmax katmanina girig olarak uygulanir. Softmax katmaninin gikist
ise ilgili giris goriintiisiiniin rulman saglk durumu smifim vermektedir. Onerilen modelin katman
konfigiirasyonlar1 Tablo 1'de verilmistir.

Tablo 1. Onerilen degistirilmis DRL modelinin katman konfigiirasyonlari: a, adim boyutu; d, dolgu miktar
Table 1. The layer configurations of the proposed modified DRL model: a, stride; d, padding

Katman Ismi Model
Konvoliisyon 77,64, a:2,d:3
Havuzlama 3x3 maksimum havuzlama, a:2, d:1
Blok_A Konvoliisyon1 3x3, 64, a:1, d:1
Konvoliisyon2 3x3, 64, a:1, d:1
Blok A Konvoliisyon1 3x3, 64, a:1, d:1
Konvoliisyon2 3x3, 64, a:1, d:1
Blok_B Konvoliisyonl 3x3, 128, a:2, d:1
Konvoliisyon2 3x3, 128, a:1, d:1
Havuzlama 8x8 ortalama havuzlama, a:8, d:0
Tam baglantili katman 128x10 tam baglant1

2.3. Cekismeli makine 6g8renmesi saldirilari
2.3. Adversarial machine learning attacks

Cekismeli saldirilar, genellikle bir optimizasyon algoritmasi tarafindan olusturulan algilanmasi zor bir
pertiirbasyonun girdi goriintiisiine eklenip ¢ekismeli goriintii ya da drnegin olusturulmasiyla gerceklestirilir.
Hafif¢e bozulan test girdi 6rnekleri egitim 6rnekleri ile egitilmis derin sinir aglart modellerini yiiksek bir giiven
skoru ile yanlis tahmin yapmaya kandirabilirler. Calisma kapsaminda degistirilmis DRL modeline AML
saldirist uygulamak i¢in kullanilan saldir1 yontemleri alt bagliklarda detaylandirilmastir.
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2.3.1. Hizh gradyan isareti yontemi saldirisi
2.3.1. Fast gradient sign method attack

FGSM, Goodfellow vd. (2014) tarafindan onerilen tek adim algoritmasidir. FGSM'nin temel 6zelligi, giris
gradyan yonii boyunca € miktar1 kadar sadece bir adimda x giris 6rneklerini bozmaktir ve bu nedenle FGSM
diisiik hesaplama maliyetine sahiptir. Verimliligine karsin FGSM yo6ntemi tarafindan {iretilen pertiirbasyonlar
genellikle cok yliksek olmaktadir. Verilen bir x giris drnegi i¢in, FGSM yontemi (1) esitligini kullanarak
cekismeli 6rnekler olusturmaktadir.

Xady = X + €5ign(VyL(h(Xaav), ¥)) ()

Burada, x,qy olusturulan ¢ekismeli Ornegi, Vy gradyan vektorii, € pertiirbasyon miktarimi ve L£(.), h
siiflandiricisini kullanan modelin kayip fonksiyonunu ifade etmektedir.

2.3.2. Temel yinelemeli yontem saldirisi
2.3.2. Basic iterative method attack

FGSM yonteminin yinelemeli versiyonu olan BIM yontemi Kurakin vd. (2018) tarafindan Onerilmistir.
FGSM’den farkli olarak BIM giris goriintiisiinii daha kiiciik adim boyutlariyla yinelemeli bir sekilde
bozmaktadir. Ozyinelemeli bir yontem olan BIM cekismeli 6rnekleri (2) esitligi kullanilarak olusturmaktadir.

xt = x4+ asign(ViL(h(xE 1), y) 2

Burada a adim boyutu ve x* t. adimdaki (x° = x) ¢ekismeli drnegi ifade etmektedir. Adim boyutu genellikle
bozulmanin tim T miktari i¢in /T < a < € araliginda segilmektedir.

2.3.3. izdiisiiriilen gradyan inis saldirisi
2.3.3. Projected gradient descent attack

Madry vd. (2017) tarafindan onerilen PGD saldirisi, x girig goriintiisiini kii¢iik adim boyutlariyla T adimi
sayisinca bozmaktadir. Bozulmanin her bir adimindan sonra PGD ¢ekismeli drnegi eger Gtesine gegerse X
Ornegini e-kiiresine geri yansitmaktadir.

xt = [I(x*" + asign(VL(h(x* 1), ))) ©)

Burada a; adim boyutu, [](.); izdiisiirme fonksiyonunu ve x*; t. adimdaki (x° = x) cekismeli 6rnegi ifade
etmektedir. BIM yonteminden farkli olarak PGD x! = x + U%(—¢,€) icin rastgele bir baslangic noktasi
kullanmaktadir. Burada, U%(—¢, €), —¢ Ve € araliginda tekdiize dagilim ifade etmektedir. PGD yontemi en
giiclii birinci derecen saldir1 yontemi olarak kabul edilmektedir.

2.3.4. Carlini ve wagner saldirisi
2.3.4. Carlini and wagner attack

CW saldiris1 (Carlini vd., 2017) g¢ekismeli 6rnekler olusturmak i¢in dnerilen en gelismis algoritmayi temsil
etmektedir. CW saldirisinin £, ve £, olmak iizere iki versiyonu bulunmaktadir. Madry vd. (2017)
calismalarinda Onerdigi iizere hedeflenen CW saldirisinin €, versiyonu yinelemeli bir sekilde PGD
algoritmast ile (4) ve (5) esitligi kullanmilarak ¢oziilmektedir.

xt =TI, (xt_1 — a sign (fo(xt_l)» 4)
F&EY) = max(z,(x71,0) —z,, ., (x"71,0),—«) (5)

Burada £(.), smirlandirilmig optimizasyon problemi igin asil kayip fonksiyonunun yerine gegen kayip
fonksiyonunu ifade etmektedir. z,, y simfina goére lojit degerleri, z,, ., diger siniflarin maksimum lojit

degerlerini ve K, saldirinin giivenini kontrol eden bir parametreyi ifade etmektedir.
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3. Bulgular ve tartisma
3. Results and discussion

Bu béliimde FGSM, BIM, PGD ve CW c¢ekismeli saldirilar1 uygulandiktan sonra rulmanin 10 farkli saglik
durumunun DRL modeli kullanilarak simiflandirma dogruluklari incelenecektir. Onerilen degistirilmis DRL
modeli, CWRU veri kiimesi ile egitilmis ve herhangi bir saldir1 uygulanmadan 6nce %99,98 dogruluk elde
edilmistir (Ayas & Ayas, 2021). Onerilen degistirilmis DRL modelinin egitiminde kullanilan
hiperparametrelerin se¢imi Tablo 2’de verilmistir. Deneylerde kullanilan AML yaklasimlarinin parametreleri
ise Tablo 3’te verilmistir. Uygulanan ¢ekismeli saldirilar hedeflenmeyen saldirilar olup belirli bir sinif etiketi
vermeksizin DRL modelinin sadece yanlis siniflandirma sonucu iiretmesini saglamaktadir. Bunun yani sira,
deneyler esnasinda sadece test drnekleri AML saldir1 yontemleri kullanilarak bozulmustur.

Tablo 2. DRL modelinin egitiminde kullanilan parametreler
Table 2. The parameters used in the training of DRL model

Parametreler Degerler

Optimizasyon yontemi Momentumlu stokastik gradyan inisi
Ogrenme katsayis1 104

Momentum 0.9

Y1gm boyutu 4

Epok sayisi 50

Tablo 3. AML saldirilarinin parametre ayarlamalari: a, adim boyutu; &, maksimum pertiirbasyon; i,
iterasyon sayisi
Table 3. The settings of AML attacks: «, step size; e, maximum perturbation; i, iteration number

Saldir1 yontemi Parametreler

FGSM a=0.0005, e=(1/255, 2/255,3/255),i=1

BIM a=0.0005, e=(1/255, 2/255,3/255),1=40

PGD a=0.0005, e=(1/255, 2/255,3/255),i=40

cw a=0.0005, e=(1/255, 2/255,3/255), i=250, k=0

Tablo 4, farkli pertiirbasyon, €, degerlerine bagl olarak tiim saldir1 yontemlerinin uygulanmasiyla DRL modeli
ile elde edilen smiflandirma dogruluklarinin karsilastirmali sonuglarimi gostermektedir. Burada & degeri
baslangigta 1/255 olarak segilmis ve 1/255 degeri ile artirilarak & parametresinin siniflandirma dogruluguna
etkisi analiz edilmistir. Rulman ariza teshis sistemi tarafindan 6l¢giilen ham titresim sinyallerinden doniistiiriilen
goriintiiler 8 bit olduklarindan dolay:1 dinamik araligin 1/255’inin altindaki tiim bilgilerin géz ard1 edilmesini
onlemek icin € artis1 1/255’ten biiyiik olacak sekilde segilmistir.

Tablo 4’teki sonuglar incelendiginde beklenildigi lizere tiim yontemler i¢in ¢ekismeli pertiirbasyon degerinin
artis1 siniflandirma dogrulugunda biiyiik bir diisiise neden olmaktadir. Tek iterasyonda hesaplanan FGSM
saldirist 1/255 pertiirbasyon degerinde modelin simiflandirma dogrulugunu %99,98’den %68,38’e diistirdigii
ve ¢oklu iterasyona sahip BIM, PGD ve CW saldirilan ise siniflandirma dogrulugunu sirasiyla %61,75,
%61,88 ve %63,31°¢ diisiirdigli goriilmektedir. & pertlirbasyon degerindeki artig biitiin saldirilar igin
siniflandirma dogrulugunu azaltmistir. Degistirilmis DRL modeli FGSM saldirisina karsi daha dayanikli olup
£=3/255 i¢in %31,81 simflandirma dogrulugu elde edilmistir. Uretilen pertiirbasyon ve olusturulan ¢ekismeli
ornekler Sekil 3’te verilmektedir. Sekilden de gorildiigi tizere olusturulan ¢ekismeli goriintiiler orijinal
gorintiilere oldukca benzemektedir.

Tablo 4. Farkli € degerlerine baglit AML saldirilarinin siniflandirma dogruluguna etkisi
Table 4. The effect of AML attacks on classification accuracy with different values of €

Saldir1 yontemi £ =1/255 g =2/255 g =3/255

FGSM %68,38 %47,81 %31,81
BIM %61,75 %34,63 %10,06
PGD %61,88 %35,19 %14,00
cw %63,31 %37,38 %10,00
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Sekil 3. Onerilen degistirilmis DRL modelini kandirmak igin kullamlan c¢ekismeli makine
O0grenmesi saldirt yontemlerinin 0_18ball sinifi i¢in 6rnek goriintiileri. Sol: temiz goriinti,
orta: ¢ekismeli makine 6grenmesi yontemleriyle olusturulan ¢ekismeli pertiirbasyonlar, sag:
¢ekismeli 6rnekler

Figure 3. Examples of adversarial machine learning attacks for 0_18ball class to fool the
proposed modified DRL model. Left: clear images, middle: adversarial perturbations
generated by the adversarial machine learning attack methods, right: adversarial samples

4. Tartisma ve sonuclar
4. Discussion and conclusions

Bu ¢alismada rulman ariza teshis sistemlerinde kullanilan DL modellerinin maruz kalacagit AML saldirilari
karsisindaki davranigt incelenmistir. Bu kapsamda degistirilmis DRL modeli kullanan bir teshis sistemine
FGSM, BIM, PGD ve CW saldirilar1 uygulanarak modelin smiflandirma dogruluguna etkileri gézlemlenmistir.
Elde edilen bulgular, teshis sistemine uygulanan bu saldirilardan BIM yonteminin modelin siniflandirma
dogrulugunu %61,75 oranina diisiirerek en ¢ok yanlis teshise neden oldugunu ve buna karsin FGSM
yonteminin ise %68,38 oranma diigiirerek en dayanikli ¢ekismeli makine 6grenmesi yontemi oldugunu
gostermistir. Deneysel sonuglar, AML'in mevcut DL modellerine uygulanmasinin miimkiin oldugunu ve
oldukea kiiciik pertiirbasyonlar igin bile, modelin teshis sistemindeki siniflandirma dogrulugunu azalttigini ve
yanlis teshislere neden oldugunu gostermektedir. Bunun yani sira, olusturulan ¢ekismeli 6rneklerin orijinal
goriintiilerden insan goziiyle net bir sekilde ayristirillamadigi sonucuna varilmistir. Gelecek ¢alismalar, DL
modellerini ¢ekismeli drneklere karsi savunmak icin en etkili yaklagimlardan biri olan ¢ekismeli egitimin
rulman ariza teshis sistemlerinde DL modellerine uygulanan AML saldirilarina karsi etkisini incelemeyi
igermektedir.
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Abstract

Tunnels are road transport structures that reduce traffic and expropriation problems, noise, and possible damage to animals
and plants, and provide safer, more comfortable, and faster transportation for vehicles compared to highways. However,
some environmental problems occur during tunnel construction. These problems such as vibration, noise, rock throwing,
etc. caused by the blasting process used during tunnel excavation on buildings and people should be well investigated. In
this study, two buildings located close to the exit and entrance of two tunnels (T2 and T3 tunnels) on the Giimiishane belt
road were chosen to investigate. Firstly, the existing damages in the first building, which is 7 m away from the T2 tunnel
exit, and the second building, which is 60 m away from the T3 tunnel entrance, were analyzed by considering criteria
such as the geological and ground condition of the land and the building materials used during the construction of those
building. In addition, the negative effects on the buildings were evaluated by calculating the vibrations after the blasting
process in the tunnel with the help of various empirical formulas. Investigation on site showed that building 1 was built
of masonry and building 2 was built of reinforced concrete, and that deep cracks had formed in the bearing systems of
both buildings, spills occurred in the walls, and fractures in the windows. Also, calculations with empirical formulas
showed that the vibration rates caused by blasting process in the 1st and 2nd buildings were as 385.68 mm/sec and 6.91
mm/sec, respectively, and these vibration values were above the standard values. The data obtained through examination
on-site and empirical approaches show that it would be dangerous for people to be resident in both buildings.

Keywords: Damage assessment, Structural damage, Tunnel blasting, Vibrational hazard
0z

Tiineller, trafik ve kamulastirma sorunlarimi, giiriiltiiyti, hayvan ve bitkilere gelebilecek olasi zararlart azaltan,
karayollarina gore araglarin daha giivenli, konforlu ve hizli ulagimint saglayan karayolu ulasim yapilaridir. Ancak tiinel
yapu sirasinda bazi gevre sorunlart ortaya ¢ikmaktadir. Tiinel kazisi sirasinda kullanilan patlatma isleminin binalar ve
insanlar iizerinde yaratacagi titresim, giiriiltii, kaya firlatma vb. problemleri iyice arastirilmalidir. Bu ¢alismada,
Giimiishane ¢evre yolu iizerinde bulunan iki tiinelin (T2 ve T3 tiinelleri) giris ve ¢ikiglarina yakin konumda bulunan iki
bina incelenmek iizere segilmistir. Ilk olarak T2 tiineli ¢ikisina 7 m uzaklikta bulunan ilk binada ve T3 tiinel girigine 60
m uzaklikta bulunan ikinci binada mevcut hasarlar arazinin jeolojisi ve zemin durumu ve bu binalarin insast sirasinda
kullanilan yapr malzemeleri ve gibi kriterler dikkate alinarak analiz edilmistir. Ayrica tiinelde patlatma islemi sonrasi
olugsan titresimler ¢esitli ampirik formiiller yardimiyla hesaplanarak binalar iizerindeki olumsuz etkiler
degerlendirilmistir. Yerinde yapilan incelemede, 1. binanin yigma, 2. binanin betonarme olarak insa edildigi, her iki
binamin tasiyict sistemlerinde derin c¢atlaklar olustugu, duvarlarda dokiilmeler ve camlarda kiriklar oldugunu
gostermistir. Ayrica ampirik formiillerle yapilan hesaplamalar 1. ve 2. binalarda patlatma isleminden kaynaklanan
titresim hizlarimin swasiyla 385.68 mm/sn ve 6.91mm/sn oldugunu ve bu titresim degerlerinin standart degerlerin
tizerinde oldugunu gostermistir. Yerinde inceleme ve ampirik yaklasimlarla elde edilen veriler, insanlarin her iki binada
da ikamet etmesinin tehlikeli olacagini gostermektedir.
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1. Introduction

Tunnels are defined as underground structures that allow a part of the highway or railway to be built
underground when it is not technically or economically feasible to construct over the ground (Oztiirk, 2007).
The province with the highest number of tunnels in Turkey's road network because of its mountainous
geography is Glimiishane. Glimiishane city center is located on a valley between steep mountains. Therefore,
it is possible to provide safe and comfortable transportation with highway tunnels. Within the provincial
borders, there are a total of 52 tunnels open to traffic and under construction, and 15,803 m of the 496 km
highway is crossed by tunnels. After the completion of the tunnels under construction, 30 km of the highway
network will be passed through tunnels. When the projects are completed, transportation in 9% of the city's
road network will be provided by tunnels.

Tunnels are usually built by blasting. Blasting activities also have some negative effects on the environment
and people. Blasts that may occur in or near structures (especially in masonry brick walls with a brittle collapse
mechanism) cause serious structural damage or collapse, cause serious economic losses and, more importantly,
endanger public safety (Altunisik et al., 2021). Any situation that arises during the usage period of a building
is defined as damage in general terms if it exceeds the tolerance limits (Demir, 1999). Structural damage can
be defined as the partial loss of standard or defined properties of a structure or a building element due to any
reason during use (Yiiksel, 2008).

The first damages in reinforced concrete structures start with thin plaster cracks and continue with the pouring
of small pieces of plaster. These cracks do not affect the structural system safety of the building. The fact that
the crack has been repaired and the crack is reopened after the repair indicates that the effect that created the
crack continues. With the continuation of the effect, if *X" shaped cracks occur in the walls, large pieces of
plaster fall due to the enlargement of crack openings, slipping of roof tiles, cracks in the chimneys and some
chimney parts falling down, the structures can be considered as moderately damaged structures. Moderately
damaged structures can be reused by repair or reinforcement. The occurrence of large cracks in the walls and
the collapse of the chimneys indicate that the structure is heavily damaged. The rupture of the building walls,
the collapse of some parts of the building and the loss of connection of the parts separated by joints are defined
as debris. The collapse of the buildings as a whole can be defined as heavy debris. Heavy damage to the
structure indicates that the structural system elements (column, beam) are damaged. In this case, the bearing
capacity of the structure or the load-bearing system decreases and it is likely that collapse or heavy debris
damage may occur (Yiiksel, 2008). Based on the detailed literature review, it is observed that the structural
elements are too sensitive to the blast loading (Senthil et al., 2020).

Progress in mining and tunneling activities is achieved by excavation and blasting the rocks. The main purpose
of blasting for the excavation process is to separate the rock from the ground. The shock wave energy, which
provides disintegration by blasting, not only breaks the rock but also passes through the solid rock in seismic
waves and propagates in the field until it is completely damped. There are two ways in which the energies of
such waves can be damped. The first is the physical and geological resistance of the rock structure, the second
is the geometrically spreading of the seismic wave to a wider area as it moves away from its source. In this
damping process, energy waves can cause damage to buildings and anxiety for residents. The environmental
problems here are an indication that not all of the explosive energy is used for blasting. During the propagation
of shock waves, vibration frequency decreases as well as vibration energy (Karakus, 2012). In the damage
caused by the blast effect in the surrounding buildings, besides the vibration energy level, the building material,
building dimensions, and the geological characteristics of the ground on which the foundation of the building
is located are also effective. Energy propagation can progress in different directions and intensities according
to geological formations within the rock.

Ground vibrations caused by blasting have earthquake-like effects. Therefore, the resulting structural damages
are also similar. It is important to evaluate the vibration effects of seismic waves that occur as a result of
blasting in areas close to buildings, on the aboveground and underground structures and slopes. The blasts
carried out in the tunnel areas are very likely to damage the surrounding rural buildings (village houses, barns,
etc.). Because explosive materials used in tunnel excavation works propagate different vibration waves around.
The resulting vibration causes some adversities such as cracks and vibrations on the buildings and houses
starting from the closest one in the vicinity.
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Damaging effects such as rock throwing, dust emission, air shock, and noise caused by the blasting process
are reflected in the nearby environment in a very short time. However, the vibration caused by seismic shock
waves arising from blasting can be felt in a wider area by spreading in a certain speed, frequency and amplitude
in the blasted rock unit as in the air. The speed of movement of a particle in the ground is called the peak
particle velocity (PPV). Particle velocity starts at zero, reaches its highest value, and gradually damps.
Therefore, one of the most important features in ground vibration studies is the highest particle velocity.
Because the higher the speed value, the more severely the structure or ground is shaken. A greater area or
distance is required for a greater particle velocity to be damped. The greater the vibrations cause them to be
felt from an area farther from the blasting point, while the more destructive effect it has on structures in the
near regions. The propagation of shock waves continues until their energy is exhausted. Transport of seismic
waves depends on various factors: distance traveled, ground investigation, geology, wave type, discontinuities,
frequency, refractive angle, source structure, spherical propagation and elastic properties of the environment
(Gumiiscii et al., 2016). In homogeneous structures, the wave spreads more easily, and some part of the wave
is reflected back in fractured structures or fault layers (Figure 1). Based on this information, another parameter
that should be considered while preparing the blasting pattern is the geological characteristics of the area.

Figure 1. Vibration waves caused by blasting (Giimtiscii et al., 2016)

According to German DIN 4150-3, for frequency values lower than 10 Hz, the maximum permissible vibration
(high particle velocity) value is determined as 3 mm/sec for protected structures and 5 mm/sec for buildings
and similar structures. According to this specification, damage in the form of visible plaster cracks in buildings
occurs when the vibration velocity exceeds 20 mm/sec and 12 mm/sec, respectively, for gypsum and sand
plaster. For people to feel the vibrations, the vibration velocity must be greater than 0.25 mm/s (DIN, 1999).

According to the classification of building damage that may occur due to the blasting effect developed by U.S.
Department of the Interior Bureau of Mines (USBM), damage to buildings is defined in three ways: threshold
damage, slight damage and heavy damage (Siskind et al., 1993). Threshold damage covers only visual damage,
which consists of hairline cracks in paint and plaster. Slight damage is damage that can be seen in the form of
plaster falling and cracks expanding up to 3 mm, but that does not affect the strength of the structure and the
load-bearing capabilities of the structural elements. Heavy damage is the damage that causes wide cracks in
the building walls, stone and bricks fall from the walls and chimneys, resulting in permanent deformations in
the building and weaken the structure. Table 1 gives the values that safe vibration speeds should be according
to the frequencies depending on the types of structures. The values in the table are chosen lower than the values
observed to occur threshold damage. If these values are met, it is accepted that the probability of surface crack
formation can be at most 5% (Kiigiik & Aksoy, 2017).

Table 1. Safe vibration speed levels according to USBM (Kiiciik & Aksoy, 2017)

Vibration speed, mm/sec

Building type Low frequency High frequency
(<40 Hz) (>40 Hz)
Modern structures 19 50.8
Old buildings (with wooden elements) 12.7 50.8
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In Turkey, "Regulation on Assessment and Management of Environmental Noise (RAMEN) (RAMEN, 2010)”
has been prepared which covers the principles and procedures for environmental vibrations and environmental
noise that people exposed to. According to this regulation, the highest permissible values of ground vibrations
that will be caused by vibrations that will occur due to blasting in mines and quarries and similar areas outside
the closest very sensitive area of use are given in Table 3. In the relevant regulation, the damage limits vary
according to the vibration frequency generated by the blasting. The ground vibration level cannot exceed the
limit values in the Table 2.

Table 2. The vibration speeds depending on the blasting frequency (Forssblad, 1981)

Maximum permissible vibration speeds

Vibration frequency (Hz) (Peak value-mm/sec)

1 5
4-10 19
30-100 50

It is possible to measure the effect of the vibration generated by the blast on the surrounding structures and air
shock and vibration measuring devices are used for this. However, the estimated peak particle velocity that
may occur after blasting can be calculated by using the "Devine Equation”, thanks to the data obtained from
the blasting designs in areas where blasting has not yet been performed or measurement has not been made
during blasting (Equation 1).

D\~ B
V=kx (ﬁ) 1)
Here; V; vibration speed propagated in the rock (in./sec), k; coefficient depending on the rock type (26-260),
B; is site constant, D; the effective distance between the blast point and the surrounding buildings (feet), W; is
the amount of explosive in a lag interval (pounds) (1 feet=0.3048 m, 1 pound=0.4536 kg, 1 in.=25.4 mm).

Vibration values are calculated taking into account the total amount of explosives per lag interval. The
coefficient "k" in the relation is the rock's capacity to transmit vibration. The variability of the units between
the blast source and the sensitive point, the density of discontinuities such as fractures, faults, and cracks affect
the coefficient k. While the coefficient k is around 260 in homogeneous units, the intensity of tectonic effects
and the coefficient for each different unit passed is around 26.

Vibration speed values are based on the closest building unit according to the distances found with the Devine
Relation. Vibration speed at the foundation of the building is expressed as Vo 1/2 to 1/5 times the vibration
speed in the rock (V) is accepted as the Vo value (Forssblad, 1981). Vibration speeds occurring in building
foundations (Vo) depending on the evaluation of the building types that may be damaged due to blasting are
given in Table 3.

Table 3. V, values that may occur depending on the building types (Forssblad, 1981)

Building type Vo (mm/sec)
a- Very old historical buildings that are about to collapse 2
b- Plastered briquette, adobe, masonry brick buildings 5
¢- Reinforced concrete buildings 10
d- Industrial buildings with very solid structures such as factories 10-40

Studies in the literature have shown that the Devine equation alone is not sufficient, due to the changes in rock
parameters and uncertainty of in situ conditions. It has been determined that there is another study using a total
of 1089 blast data published by various researchers in different rock areas. In this study, a new generalized
empirical model for PPV (Equation 2) is proposed, taking into account the effects of rock parameters such as
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unit volume weight (y), rock quality definition (RQD), geological strength index (GSI) and uniaxial
compressive strength (UCS) (Kumar et al., 2016).

= (0:3396x 1.02651Gg[113)0.642p—1.463

2

v )
where v is the PPV (m/s); D is the scaled distance (m/kg?), which is defined as the ratio of distance from
charge point, R (m), to the square root of charge mass, Q (kg), expressed in TNT net equivalent charge weight,
i.e. D=R/Q"2.

2. Material and method

Giimiigshane is located on one of the important transit routes of the historical Silk Road. This route connects
the Eastern Black Sea ports to the Eastern and Southeastern Anatolia Region and Southeast Asia. However,
due to unsuitable terrain conditions, the single carriageway with two lanes undivided highway passing through
the city is also used as a transit way until 2019. Averages of 8.000 vehicles per day are transiting this highway.
This situation led to both the locking of urban traffic and the decrease in traffic safety. A high-standard belt
highway is built in 2019 to ensure that the vehicles using the highway in the city for transit purposes can
participate in the intercity traffic fluently. At the same time, vehicles going to the Bayburt-Erzurum direction
or Trabzon direction do not enter the traffic in the city by using this road. As a result, while the traffic density
in the city highway is decreased, driving comfort, shorter travel time, fuel saving and higher traffic safety are
provided for the vehicles using the belt highway. Satellite image of the highway passing through the city and
belt highway are given in Figure 2.
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Figure 2. Satellite image of Giimiishane city highway and belt highway

Five dual-tube highway tunnels named T1, T2, T3, T4 and T5 are built on the belt highway. Some information
about these tunnels is shown in Table 4. The method to be selected is the New Austrian Tunneling Method
(NATM). Drill and blast method is used for the excavation. There are many residential areas on the belt
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highway route (Liu et al., 2020). In this study, the effect of blasting in the belt highway tunnels on the
surrounding buildings is examined.

Table 4. Highway tunnels on the Giimiishane belt highway

Tube lengths (m)

Tunnel Number of tubes Left tubes* Right tubes*
T 2 1.725 1.700
T2 2 929 936
T3 2 754 665
T4 2 2.255 2.245
T5 2 2.564 2.538

* Designations are made according to Giimiishane-Bayburt direction

2.1. Study area

Two sample buildings, at the entrance and exit of the belt highway tunnels in the Central District of Giimiishane
Province, are selected as the study area. T2 and T3 tunnels are examined as they are the closest tunnels to the
buildings (Figure 3).

Giimiishane- Bayburt direction

_
/
. ——» T2 tunnel left tube Camlica

Nuh Q
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Il Halk Katliphanes

@ @

Figure 3. Satellite image of the examined tunnels

The building on the left tube side at the exit of T2 tunnel in Hasanbey District on the belt highway route in the
direction of Giimiishane-Bayburt is named as the 1st building, and the building on the right tube side at the
entrance of the T3 tunnel in the Camlica District in the same direction is named as the 2nd building. Satellite
image of the locations of the buildings is given in Figure 4, the location of the 1st building to the tunnel entrance
is given in Figure 5a, and that of the 2nd building is given in Figure 5b.
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Figure 5. The positions of the structures to the tunnel entrance; a) 1st and b) 2nd buildings
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The 1st building is built in masonry style and is plastered both inside and outside. The building is single storey.
The 2nd building is built in reinforced concrete style and is plastered inside and outside. This building consists
of two floors, including the penthouse. The buildings are about 40-45 years old. General views of the buildings
are given in Figure 6.

Figure 6. General views of the buildings; (a, b) 1st and (c, d) 2nd building

The buildings are subject to the 1975 Turkey Earthquake Regulations as of the period they are built. There is
no static or architectural project belonging to the buildings, and the structures are not built-in accordance with
the requirements of the regulation.

2.2. Geology of the study area

Alibaba Formation (Tokel, 1977) is observed in the area where the 1st building 7 m northwest of the left tube
exit of the T2 tunnel. This formation mainly consists of andesite, basalt and their pyroclasts. Although the
rocks in the formation are generally observed in fissured and fractured structures, the andesitic rocks at the
basement of the 1st building are massive (Figure 7a). The distance between the 2nd building and the
explosion/excavation site (entrance of T3 tunnel right tube) is measured as approximately 60 m. In addition,
the distance of the building to the direction of the tunnel is measured as 7 m The geological units in the building
area and the tunnel construction site are similar. Besides, Glimiishane Granitoid (Yilmaz, 1972; Topuz et al.,
2010), which outcropped generally as fractured and formation of sand by weathering (arenization) of granite,
are observed in the area of the 2nd building and T3 tunnel (Figure 7b).
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2" building

Figure 7. Field view of (a) the fissured and fractured andesite and (b) arenization of granite
3. Analysis of vibration data

The increase in the magnitude of blast load will significantly increase the intensity of damage to be caused to
the tunnel and the surrounding ground media (Senthil, 2021). The maximum amount of explosive used in a
hole in the drilling and blasting process carried out in the tunnel construction of Glimiishane belt highway is
15 kg.

Field and laboratory studies were carried out by (Alemdag et al., 2011; Kaya et al., 2011; Alkan & Dag, 2018)
to determine the rock mass and material properties of the Giimiishane Granitoid and Monzogranite. In field
studies, rock masses were classified according to the degree of weathering in accordance with the ISRM (1981)
definition criteria. RQD values for moderately and heavily weathered granite were found to be 70% and 59%,
respectively. With the help of data obtained from field and laboratory studies, rock masses were classified
according to RMR89 (Bieniawski, 1989) and Q (Barton et al., 1994) rock mass classification systems and GSI
(Sonmez & Ulusay, 2002) values were determined. GSI values for moderately and heavily weathered granite
were found to be 39 and 28, respectively (Alemdag et al, 2011). GSI values for andesite were found to be 64
(Alemdag & Kanik, 2020).

The methods proposed by ISRM (2007) were used to determine the physical properties of the rock material.
The unit volume weights were determined by using the dry and saturated masses of the rocks. As a result of
30 different tests for Giimiishane monzogranites and andesite, the unit volume weight value was found to be
25.66 KN/m? and 25.13 KN/m?on average, respectively (Alkan & Dag, 2018).

For weak rock masses, the RQD is zero (Kumar et al., 2016). In such cases, it is more beneficial to use the GSI
value rather than the RQD value (Marinos et al., 2005). Introduced by (Hoek, 1994), GSI is a rock mass
characterization system used to estimate rock mass strength for different geological conditions defined by field
observations.

No measurement value was taken for the peak particle velocity (PPV) that will occur in the blasting process
for the tunnel excavation carried out previously in this area. Therefore, the estimated PPV values are calculated
according to the distance by using the blast design data in the Equation 2. Building foundation vibration speeds
(Vo) due to blasting in T2 and T3 tunnels are calculated according to different distances (Table 5). While
calculating, vibration values are calculated by taking into account the total amount of explosives per lag
interval.
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Table 5. Building foundation vibration speeds depending on distance

D (m) Wke) v (KNm) V (mmsec) WP LU
1st building (andesite, GIS:64 (Alemdag & Kanik, 2020), y: 25,13 (Alkan & Dag, 2018)
7 385.68 192.84 77.14
10 228.88 114.44 45,78
20 15 25.13 83.02 41.51 16.60
40 30.12 15.06 6.02
60 16.64 8.32 3.33
2nd building (granite, GIS:33.5 (Alemdag et al., 2011) , y: 25,66 (Alkan & Dag, 2018)
20 34.50 17.25 6.9
40 1251 6.25 2.50
60 15 25.66 6.91 3.45 1.38
80 4,53 2.26 0.90
100 3.27 1.63 0.65

After the observations and examinations made in the field, the 1st building was determined as a class b (i.e.,
masonry brick buildings such as plastered briquette, briquette, adobe or brick house). These types of buildings
are among the building types that can be damaged even at low vibration velocity that may occur after blasting.
Therefore, the Vo speed in the foundation of the building should not exceed 5 mm/sec according to Table 3.
The vibration speed value generated by a blasting at the exit of the T2 tunnel calculated in Table 5 at a distance
of 7 m was 385.68 mm/sec. It is observed that the vibration values on the foundation (Vo) of the 1st building
created by this vibration are between 192.84 mm/sec and 77.14 mm/sec. The fact that these vibration values
are above the limit value of 5 mm/sec indicated that the cracks that may occur in the 1st building may be
caused by blasting.

As a result of the damage investigations carried out on the 1st building, it is determined that deep and surface
cracks are formed in the load-bearing walls of the building, there are spillages in the wall plaster, fractures
occurred in the windows, and the roof pillars in the attic are separated from the floor. The visuals regarding
the damage detected on the building are shown in Figure 8.

Damaged parts detected in the building are also located on the masonry walls that form the load-bearing system
of the building. Crack openings in the walls vary between 1-5 mm. Although it is necessary to renew the roof
in order to eliminate the damage on the roof, the carrier system should be given priority when looking at the
condition of the ceiling floor and walls on which the roof will sit. There are also damaged parts on the
supporting walls. Considering the current condition, age and depreciation of the building, it will be appropriate
and reliable to be demolished and rebuilt. Due to the severe damage to the building, accommodation is not
suitable.

The 2nd building is classified as “c class; reinforced concrete building" among the types of buildings that can
be damaged due to blasting depending on the vibration speed values. Therefore, the V, speed in the foundation
of the building should not exceed 10 mm/sec according to Table 3. The fact that the V, speed calculated
according to V*1/2 is 3.45 mm/sec showed that the vibration caused by the blasting cannot cause damage to
the 2nd building. However, as the tunnel route is in the direction of the 2nd building, the distance from the
blast point to this building become shorter and shorter as it moves through the tunnel, and the potential of the
building to receive damage due to the effect of increasing vibration. It is known that seismic waves continue
to propagate until their energy is depleted. There are two reasons for the energies of such waves to be
extinguished. The first is the physical and geological resistance of the rock structure, and the second is the
geometrical spread of the seismic wave to a wider area as it moves away from its source. Massive andesites in
the area where the 1st building is located transmit the energies of seismic waves faster. On the other hand,
cracked and weathered granites in the area of the 2nd building absorb the energies of seismic waves more
quickly.
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Figure 8. Damaged parts detected in the 1st building

As a result of the damage examination carried out on the 2nd building, it is observed that deep and surface
cracks are formed on the load-bearing walls of the building, there are spillages in the wall plaster, deep cracks

are formed in the surrounding pavements, and cracks are formed in the ceiling floors. The visuals of the damage
detected on the building are given in Figure 9.

Figure 9. Damaged parts of the 2nd building

The damaged parts detected on the building are located on the masonry walls and ceiling reinforced concrete
floors that form the carrier system of the building. Crack openings in the walls vary between 1-3 mm.
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Considering the current condition, age and depreciation of the building, it will be more appropriate and reliable
to demolish and rebuild it. As such, it does not seem appropriate to live in the building.

According to RAMEN, in the table of the highest permissible values of ground vibrations that will occur due
to blasting in mines and quarries and similar areas outside the closest building, the maximum permitted
vibration speed value at a frequency of 30-100 Hz is 50 mm/sec. Based on the calculated values, the probable
vibration speeds due to blasting in the 1st building located 7 m away from the T2 tunnel exit and in the 2nd
building 60 m away from the T3 tunnel entrance are calculated as 385.68 mm/sec and 6.91 mm/sec,
respectively. Therefore, the possible vibration velocity to occur after blasting around 1st building is more than
the values specified in the standard.

4. Discussion and conclusions
4. Tartisma ve sonuclar

The results obtained depending on the determination of damage to the structures caused by the field geology
and blasting effect of the two sample buildings located close to the T2 and T3 tunnels built on the Giimiishane
Belt Highway route are as follows:

» Geological investigations showed that in the areas where the 1st and 2nd building are located, there are
units of geological andesite, basalt and their pyroclasts with fractured and weathering of Giimiishane Granitoid
respectively.

» Considering that the distance between T2 tunnel exit and 1st building is 7 m; it is understood that the
explosions made at the exit of the T2 tunnel caused the formation of cracks in the building.

» The vibration speeds due to blasting in the 1st and 2nd buildings are calculated as 385.68 mm/sec and
6.91 mm/sec, respectively, and these calculated values for 1st building are higher than the vibration values (5
mm/sec and 19 mm/sec) at 1 Hz and 4-10 Hz frequencies in the standards. It is determined that the vibrations
that will occur at these frequencies have a high probability of damaging the surrounding 1st building. Because
Ist building’s vibration value are higher than the permissible maximum values of 50 mm/sec at 30-100 Hz
according to Turkish Regulation on Assessment and Management of Environmental Noise (RAMEN).

« It is determined that the distance between the blast point and the 2nd building will be shortened with each
blasting at the face of the tunnel and afterwards, as the T3 tunnel progress route is in the direction of the 2nd
building, and therefore the damage effect of the vibrations on the building may increase.

» The German DIN 4150-3 norm is more protective than the Turkish damage classification. According to
DIN 5140-3, the vibration at 5 mm/sec particle velocity should not be exceeded for reinforced concrete
structures in open blasts where frequencies such as 1-10 Hz occur. However, according to the RAMEN, the
limit value allowed at the same frequencies is a very high value, such as 19 mm/sec. This value is a destructive
value for the village houses and non-reinforced concrete structures located around the mines and quarries. For
this reason, it is very important to consider the German norms’ damage limit values, which are on the safer
side compared to the others, while performing the vibration analysis caused by blasting.

* As a result of the damage investigations, it is concluded that deep and surface cracks are formed in the
walls and load-bearing elements of the buildings, there are spillages in the wall plaster, it is more convenient
and safer to rebuild the buildings, considering the current condition, age and wear rate of the buildings.

Vibrations from blast excavations for tunneling activities can have devastating consequences for
surrounding structures and people. For this reason, it is essential to conduct a good site investigation, increase
the expropriation widths if necessary, and make accurate and complete analyzes to prevent financial losses and
moreover, loss of life.
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Oz

Diyet lifi, tahil, meyve ve sebzelerde daha ¢ok bulunan 6nemli bir gida bilesenidir. Diyet liflerinde farkli siniflandirmalar
kullanilsa da en sik kullanilani ¢oziintirliiklerine gore siniflandirma bigimidir. Diyet lifleri meyve ve sebzeler de
bulunmakla birlikte 6zellikle tahil (bugday, arpa, yulaf, piring, ¢avdar vb) ve pseudotahillarda (chia, kinoa, karabugday,
amarant vb) da bol miktarda bulunmaktadir. Gliniimiizde artan saglik problemleri ve tiiketicilerin fonksiyonel iiriinlere
yonelmesi diyet lifine olan ilgiyi her gegen giin arttirmaktadir. Yapilan epidomiyolojik ¢alismalar tahil ve
pseudotahillarda bulunan ¢6ziiniir ve ¢6ziinmez diyet liflerinin kroner kalp hastaliklari, tip 2 diyabet, obezite, ¢esitli
kanser tiirlerine yakalanma risklerini diigiirdigiinii gostermektedir. Bu ¢aligmada tahil ve pseudotahillarda bulunan diyet
lifleri ve bunlarin saglik iizerine etkileri irdelenmistir.

Anahtar kelimeler: Diyet lifi, Kanser, Kinoa, Pseudotahil

Abstract

Dietary fiber is an important food component found mostly in grains and fruits and vegetables. Although different
classifications are used for dietary fibers, the most frequently one used is according to their solubility. Although dietary
fibers are also found in fruits and vegetables, they are especially abundant in cereals (wheat, barley, oats, rice, rye, etc.)
and pseudocereals (chia, quinoa, buckwheat, amarant, etc.). Today, increasing health problems and consumers' tendency
to functional products increase the interest in dietary fiber day by day. Epidemiological studies show that soluble and
insoluble dietary fibers found in cereals and pseudocereals reduce the risks of coronary heart diseases, type 2 diabetes,
obesity, and various types of cancer. In this study, dietary fibers in cereals and pseudocereals and their effects on health
are investigated.

Keywords: Dietary fiber, Cancer, Quinoa, Pseudocereal

* Ali CINGOZ; ali.cingoz@gop.edu.tr

ISSN: 2146-538X e-ISSN: 2146-538X  https://dergipark.org.tr/tr/pub/gumusfenbil


https://dergipark.org.tr/tr/pub/gumusfenbil
https://orcid.org/0000-0003-0958-2679
https://orcid.org/0000-0001-6593-8495
https://orcid.org/0000-0001-7161-1552

Cingoz vd. 2023 / Volume: 13 « Issue:1 « Page 235-255

1. Giris
1.Introduction

Tiiketici tercihlerinin degismesi, hareketsizlik ve yanlis beslenme sonucu giiniimiizde hastaliklarda artiglar
meydana gelmektedir. Kabizlik, hemeroit, kolon kanseri, sismanlik, diyabet ve kalp damar hastaliklarina karsi
diyet liflerinin koruyucu etkisi oldugu bildirilmistir. Bu nedenle bu hastaliklarin 6nlenmesinde diyet lifi
tilketimine kars1 duyulan ilgi de giin gectikge artmaktadir. Tahil ve pseudotahillar protein, diyet lifi, esansiyel
amino asitler, flavonoid ve c¢oklu doymamis yag asitleri bilesenler bakimindan zengin 6nemli birer
hammaddedir. Yiiksek diyet lifi icerigi ve fonksiyonel bilesenler bakimindan zengin tahil ve pseudotahillarin
cagimizin onemli hastaliklarinin 6nlenmesinde olumlu etkilerinin oldugu ¢esitli ¢aligmalarda gdsterilmistir
(Giménez-Bastida vd., 2015). Diyet lifleri dogada meyve sebzelerin yanisira tahil ve pseudotahillarin
yapisinda da mevcuttur. Bu ¢alismada 6zellikle tahil ve pseudotahillardaki diyet lifleri ve saglik {izerine etkileri
irdelenmistir.

2. Diyet lifi
2. Dietary fiber

Seliiloz, hemiseliiloz ve lignini igeren ilk diyet lifi tanimi, 1953 yilinda ortaya ¢ikmustir (Hispley, 1953). Temel
olarak ince bagirsakta sindirilmeyen yenilebilir bitki kisimlar1 olarak tanmimlansa da diyet lifleri genellikle
nigasta olmayan polisakkaritler, oligosakkaritler, lignin gibi, tahillar, baklagiller, meyve ve sebzelerden elde
edilen bitki kisimlarin1 igermektedir. Kodeks Alimentarius Komisyonu diyet lifini; polimerizasyon derecesi
3’lin iistiinde olan, ince bagirsakta sindirilmeyen ve emilmeyen ve gidalarda dogal olarak bulunan veya gida
maddelerinden fiziksel, enzimatik veya kimyasal yolla iiretilebilen ve mikroorganizmalara bir¢cok fayda
saglayan karbonhidrat polimerleri olarak tanimlamaktadir (Jones, 2014). Diger bir tanima gore ise tiiketiciler
icin yararli fizyolojik etkileri bulunan diyet lifi; bitkilerdeki sindirilmeyen karbonhidratlar olarak
tammlanmaktadir (Champ vd., 2003). Diyet lifleri; kaynaklarina, ¢6ziinebilirliklerine, fermente olabilme
durumlarma ve fizyolojik etkilerine gore smiflandirilmaktadir (Champ vd., 2003). Diyet lifleri suda
¢oziinebilirligine gore, ¢oziinmez (seliilloz, hemiseliiloz ve lignin) ve ¢oziiniir (pektin, gam ve miisilaj) diyet
lifi olmak iizere iki gruba ayrilmaktadir ve genellikle meyvelerde, tahillarda, sebzelerde ve bakliyatlarda
bulunmaktadir (Buil-Cosiales vd., 2016; Tarcea vd., 2017).

Genel olarak bitki hiicre duvarlarinin temel bileseni olan selilloz (D-glikoz tinitelerinin B (1—4) bagi ile
birlesmesi sonucu olusan diiz zincir yapisina sahip polisakkarit) (Sekil 1), hemiseliiloz (yapisinda 5 ve 6
karbonlu sekerleri ve seker asitlerini igeren kompleks heteropolisakkarit) (Saldamli, 2007), pektin
(galakturonik asit tinitelerinin o (1—4) bag ile birlesmesi sonucu olusan diiz zincir yapisina sahip polisakkarit)
(Sekil 3) (Madeira vd., 2017), beta glukan (beta-glikozidik baglarla birbirine baglanmis D-glikoz
monomerlerinden olusan; fonksiyonel 6zellikleri degiskenlik gosteren nisasta dist polisakkaritler) (Simsekli &
Dogan, 2015) (Sekil 2) gibi nisasta olmayan polisakkaritler diyet lifi kategorisinde yer almaktadir. Bunlarin
yaninda iniilin ((B-D-fruktosil kalintilarinin B (2—1) bag ile baglanmasi sonucu olusan fruktan tipi
polisakkaritler) (Sekil 4) (Mensinka vd., 2015), frukto-oligosakkaritler (fruktozil {initelerinin § (2—1) bagi ile
baglanmasi sonucu olusan kisa ve orta zincirli oligosakkaritler) ve galakto-oligosakkaritlerde (galaktoz
tinitelerinin  (1—4) ve B (1—6) bagi ile laktoza baglanmasi sonucu meydana gelen oligosakkaritler) (Demirci
vd., 2017) sindirilmeyen ¢dziiniir diyet lifi grubunda yer alan karbonhidratlardir. ince bagirsakta sindirilmeyen
fakat kalin bagirsakta fermente olabilen direngli nisastalar, modifiye seliilozlar (selilloz polimerin yapisinda
bulunan OH ve H iyonlarinin CHs, C>Hs ve asetil gruplart ile yer degistirmesi sonucu elde edilen seliiloz tiirevi)
(Arslan & Erbas, 2014) ve polidekstrozlar gibi karbonhidrat polimerleri de diyet lifi olarak kabul edilmektedir
(Borderias vd., 2005). Ayrica gamlar ((D-mannoz tinitelerinin  (1—4) bagi ile birlesmesi sonucu meydana
gelen diiz veya yan zincirli polisakkarit) (Sebastiena vd., 2014)) ve miisilajlar (bitkisel kaynakli heterojen
polisakkarit) diyet lifi smifina girmektedir (Theuwissen & Mensink, 2008). ilave olarak lignin (temel olarak
monolignol, p-kumaril, koniferil ve sinapil alkolii iceren kompleks aromatik heteropolimer) ve bazi mindr
bilesenlerin (mumlar, saponinler, polifenoller, kitin, fitosteroller vb) diyet lifi kategorisine konulabilecegi
bildirilmektedir (Borderias vd., 2005).
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Sekil 1. Seliiloz yapisi
Figure 1. Structure of cellulose

,....-md

Sekil 2. Beta glukan yapist
Figure 2. Structure of beta glucan

Sekil 3. Pektin yapist
Figure 3. Structure of pectin
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Sekil 4. inulin yapist
Figure 4. Structure of inuline

3. Tahillar ve diyet lifi
3. Cereals and dietary fiber

Tahil, Gramineae familyasi iiyelerine verilen genel bir tanimlamadir. Diinya {izerinde tarimi yapilan baglica
tahil tirinleri bugday, misir, arpa, yulaf, ¢avdar, piring ve dari ¢esitleridir (Elgiin & Ertugay, 1995). Diinyada
2018 yilinda 3.5 milyar ton tahil iiretimi gerceklestirilirken en ¢ok iiretimi yapilan 1.14 milyar ton ile misir,
782 milyon ton ile piring ve 734 milyon ton ile bugdaydir. Tiirkiye’de ise en ¢ok tarimi1 yapilan tahillar sirasiyla
bugday, arpa ve misirdir. Diinya tizerindeki tahil tiikketimi her gegen y1l artarak 2017 yilinda 2.072 milyon ton
diizeyine kadar ¢itkmistir (Fao, 2018). Yaygin olarak tarim1 yapilan tahil ¢esitleri insan gida maddesi olmasinin
yanisira, hayvan yemi ve bazi endiistrilerde farkli maddelerin elde edilmesinde hammadde olarak
degerlendirilmektedir.

Tahillar ¢esitlerine gore degismekle birlikte yapilarinda yaklasik %12-14 su, %8-14 protein, %69-75
karbonhidrat, %1-5 yag ve %]1-2 mineral madde igermektedir (Elgiin & Ertugay, 1995). Tahillarin
yapilarindaki karbonhidratlarin biiyiik ¢cogunlugu nisasta olmakla birlikte, seliiloz, hemiseliiloz, lignin ve
nigasta olmayan diger polisakkaritler de bulunmaktadir. Tahillarin diyet lifi igerikleri tiir / cinsine ve botanik
bilesenlerine (perikarp, endosperm vb) bagh olarak degismektedir (Sidhu vd., 2007). Céziinmez diyet lifini
tohumun dis katmanlari olustururken (Rasane vd., 2015) ¢oziiniir diyet lifini nisasta olmayan polisakkaritler
(arabinoksilan, glukan vb), direngli nisasta ve oligosakkaritler (fruktanlar) olusturmaktadir (Knudsen vd.,
2017).

Diinya iizerinde tarimi yapilan tahil ve psedoutahillarin beslenme ve saglik agisindan sagladigi faydalar
bilinmektedir. Tahillarin bir¢ok endiistride hammadde olma potansiyelinin giin gectikge artmasi ve katma
degeri yiiksek {irlin iiretiminde kullanilmaya baslanilmasi ile tahillarin liretim ve tiiketim miktarlarinda artiglar
yasanmaktadir.

Bugday (Triticum aestivum L.), diinyada tarim1 en yaygin yapilan ve en ¢ok tiiketilen tahildir (De santis vd.,
2017). 2018 yilinda diinyada 734 milyon ton ile iiretimi en ¢ok yapilan 3. tahildir (Fao, 2018) Tiirkiye’de ise
yaklasik 20 milyon ton {iretimi yapilan bugday, diinya {izerinde en yiiksek ekim alanina sahip durumdadir
(Fao, 2018). Bugday hayvan yemi olarak kullanilmasinin yanisira, un, irmik, bugday patlagi, makarna, biskiivi,
bulgur ve nisasta tiretiminde hammadde olarak degerlendirilmektedir. Yapisinda ortalama %10-14 su, %8-14
protein, %70-75 karbonhidrat ve %1-2 yag, %2-3 seliilloz bulunmaktadir (De santis vd., 2017). Tablo 1’de
bugdaylarin diyet lifi icerigi ile ilgili yapilmis caligmalar gosterilmektedir. Bugdaydaki diyet lifi igerigi %9.2-
20.0 arasinda degismektedir. Bugdayda ¢ozlinmez diyet lifi igerigi daha yiiksek olup %5.4-18.1 arasinda iken
¢Ozliniir diyet lifi icerigi %1.4-4.4 arasinda degismektedir. Yapilan ¢aligmalar bugdayda B-glukan miktarinin
%0.4-0.8 araliginda, arabinoksilan igeriginin ise %0.5-8.8 araliginda oldugunu gostermektedir. Avrupa
komisyonu 2012 yilinda yayinladig1 rapora gore bagirsak gecislerini hizlandirmak i¢in giinliik en az 10 gr
bugday kepegi alinmasini 6nermektedir (Anonim, 2022).

Piring (Oryza sativa L.), Asya’da en ¢ok fiiretilen ve tiiketilen bir tahil grubudur. 2018 yilinda diinyada 782
milyon ton, Tiirkiye’de 940 bin ton piring tiretimi ger¢eklesmistir (Fao, 2018). Piring, temel olarak dogrudan
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gida maddesi olarak kullanilmakla birlikte, nisasta, piring patlagi ve piring unu iiretiminde de hammadde
konumundadir. Ortalama % 5-10 arasinda protein icerigine sahip piring yliksek karbonhidrat igerigi dzellikle
nisasta igerigi ile 6n plana ¢ikmaktadir (Amagliani vd., 2017). Pirincin diyet lifi igerigi %2.5-9.9 araliginda
degismekle birlikte ¢oziiniir ve ¢oziinmez diyet lifi igerikleri piring ¢esidine gore farklilik gostermektedir.
Tablo 1’de piringlerin diyet lifi igerikleri gosterilmektedir. Coziinmez diyet lifi igerigi %1.0-5.4 arasinda iken
¢oziliniir diyet lifi igerigi %0.6-5.2 arasinda degismektedir. Kahverengi, siyah ve basmati piring ¢esitlerinde
¢oziinmez diyet lifi igerigi ¢Oziiniir diyet lifine gore daha yiiksek seviyededir. Ayrica bu piring ¢esitlerinde
toplam diyet lifi i¢erigi beyaz pirince gore daha yiiksek diizeydedir (Ji vd., 2013). Beyaz, bario ve yapiskan
piringte (Oryza sativa var. glutinosa) ¢oziiniir diyet lifi miktar1 daha yiiksektir. Yapilan ¢alismalar, piringte
arabinoksilan igeriginin %0.4-0.5 arasinda B-glukan iceriginin ise %0.1-0.4 arasinda oldugunu gostermektedir
(Jivd., 2013).

Misir (Zea mays L.) piring ve bugdaydan sonra diinyada yetistiriciligi en fazla yapilan tahil grubu iken son on
yilda tiretimindeki artigla birlikte iiretimi en fazla olan tahil grubu konumundadir. 2018 yilinda diinyada 1.147
milyar ton, Tiirkiye’de ise 5,7 milyon ton tiretim ger¢eklesmistir (Fao, 2018). Misir %65 nisasta, %5 yag ve
%15 protein icermektedir. Diinya iizerinde nisasta iiretiminde hammadde olarak en ¢ok kullanilan tahil
grubudur. Misir nisasta ve nisasta bazli seker tiretimi disinda ilag, otomotiv, tekstil, temizlik sanayisi gibi
bir¢ok alanda kullanilmaktadir (Anonim, 2020). Misirda diyet lifi igerigi %3.7-19.6 arasinda degigsmekle
birlikte en c¢ok ¢oziinmez diyet lifi fraksiyonlari bulunur. Coziiniir diyet lifi icerigi %0.3-5.4 arasinda
degismektedir (Tablo 1). Misir kepegi yaklasik olarak %22 seliiloz ve %70 hemiselillozdan meydana
gelmektedir (Ai & Jane, 2016).

Yulaf (Avena sativa L.) saglik agisindan sagladigi yararlar nedeniyle giiniimiizde tilketimi her gegen giin artan
bir tahil gesididir. Ulkemizde 260 bin ton diinyada ise 23 milyon iiretimi yapilan yulaf en ¢ok hayvan yemi
olarak kullanilmaktadir. Saglik agisindan 6neminin daha iyi anlasilmasi ve gelisen toplumlarin kahvaltilik
gevreklere yonelmesi yulafin insan tiikketiminde kullaniminin artmasina neden olmaktadir. Yulaf tanesinin
protein, vitamin, mineral madde ve diyet lifi yoniinden zengin olmasi yulafin farkli ekmek ve biskiivi
formiilasyonlarinda degerlendirilmesine, yulaf ezmesi ve yulaf ununun tiketiminin artmasina neden
olmaktadir. Yulaftaki diyet lifi igerigi %9.8-37.7 arasinda degismektedir (Tablo 1). Coéziinmez diyet lifi miktari
%6.0-33.9 arasinda ¢oziiniir diyet lifi icerigi ise %2.9-20.0 arasinda degismektedir. Yulafta en fazla bulunan
suda ¢Oziiniir diyet lifi B-glukan olup ortalama %2.3-8.5 arasinda bulunmaktadir. Yulaf tanesinin %60°1
nisastadan meydana gelmekte, yaklagik %2 arabinoksilan, %1.3 seliiloz, %3.5 beta glukan ve %2 lignin
icermektedir nisastanin da 6nemli bir miktar1 (%25) direngli nisastadan olugmaktadir (Frolich vd., 2013; Khan
vd., 2016; Sterna vd., 2016; Knudsen vd., 2017; Tang & Tsao, 2017).

Arpa (Hordeum vulgare L.) diinyada 141 milyon ton, Tiirkiye’de 7 milyon ton {iretimi yapilan (Fao, 2018)
arpa soguk, kurak ve yiiksek rakimli bolgelerde yetistirilen bir tahildir. Arpa daha ¢ok hayvan yemi olarak
degerlendirilirken en kaliteli mahsiil biracilik agisindan da 6nemli bir hammadde konumundadir. Arpa
ozellikle yiliksek B-glukan icerigi ile onemli bir diyet lifi kaynagidir ve apisinda ortalama %11 protein, %63
nisasta, %5.83 seliiloz ve %3 yag bulunmaktadir (K6ten, 2013). Kavuzlu yapida olmasi hem teknolojik hemde
besinsel oOzelliklerinde olumlu etki saglamaktadir. Arpada diyet lifi miktar1 %10.0-27.9 arasinda
degismektedir. Coziinmez diyet lifi icerigi %7.1-22.1 arasinda iken ¢oziiniir diyet lifi icerigi %1.7-9.3
araligindadir (Tablo 1). Diyet lifleri genellikle seliilloz, arabinoksilan, B-glukan ve oligosakkaritlerdir.
Arabinoksilan igerigi %3-11, B-glukan icerigi ise %2-10 araliginda degismektedir. Bunlarin yaninda %1.1-4.5
seliiloz, %0.7 lignin ve %4.8 direngli nisasta bulunmaktadir (Collar & Angioloni, 2014; Djurle vd., 2016;
Honcu vd., 2016; Messia vd., 2017; Sterna vd., 2017; Tang & Tsao, 2017).

Cavdar (Secale cereale L.), kuzey, orta ve dogu Avrupa’da yaygin olarak yetistirilen bir tahildir. Ulkemizde
320 bin ton diinyada ise 11 milyon ton ¢avdar iiretimi vardir. Cavdar ekmek iiretiminde, alkol ve viski
sanayinde veya yem endiistrisinde kullanilmaktadir. Ulkemizde ¢avdarin biiyiik cogunlugu ekmek iiretiminde
kalan kismi da hayvan yemi olarak degerlendirilmektedir (Anonim, 2019). Cavdar, dnemli bir diyet lifi bileseni
olan arabinoksilanca zengin bir tahildir (Mankan, 2008). Cavdardaki diyet lifi arabinoksilan, seliiloz, 3-glukan,
fruktan ve ligninlerden olugmaktadir. Bu 6zelligi ile bugdaya oldukca benzeyen cavdar tahillar arasinda en
yiiksek arabinoksilan igerigine (%3.1-12.1) sahip tahil grubudur. Cavdarda B-glukan %1.3-2.2 araliginda,
fruktan icerigi ise %4.5-6.4 araliginda degismektedir (Bucsella vd., 2016; Knudsen vd., 2017; Jonsson vd.,
2018).
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Tablo 1. Tahillarin diyet lifi icerikleri (%)
Table 1. Dietary fiber content of cereals (%)

DuecLifi  OivetLifi  DiyetLifi Glukan Arabinoksilan  Kaynakea
- 12.7-20.0 10.2-18.1 1.8-3.7 - 2.7-3.6 Marotti vd. (2012)
S o2 - - 0.4 05 Dodevska vd. (2013)
5 135 - - 0.8 5.6 Frolic vd. (2013)
)-‘;;:E 12.4 54 4.4 0.5 6.9 Amalraj ve Pius (2015)
2 § 102-157  7.2-114  1.9-29 04-08 5188 Rainakari vd. (2016); Messia vd.
= (2017)
5 14.2 - - 0.6 7.1 Knudsen vd. (2017)
11.6-17.0 10.2-14.7 1.4-2.3 - 4.0 De Santis vd. (2018)
i~ 9.2 1.0-3.8 2.9-5.2 0.4 0.5 Caceres vd. (2014)
g L%, 9.9 5.4 4.4 - - Amalraj vd. (2015)
E g 25 - - 0.1 0.4 Knudsen vd. (2017)
S 2749 1.9-4.2 0.6-1.1 - - Prasad vd. (2018)
9.2 - - - 1.4 Dodevska vd. (2013)
C ’% 14.9 9.4 5.4 - - Amalraj ve Pius (2015)
é g 11.6 - - 0.1 4.7 Knudsen vd. (2017)
N 3.7-8.6 3.1-6.1 0.5-2.5 - - Prasanthi vd. (2017)
8.3-10.7 8.0-9.1 0.3-1.6 - - Srichuwong vd. (2017)
11.5-37.7 8.6-33.9 2.9-3.8 - - Vitaglione vd. (2008)
g 102 - - 5.0 2.0 Frolich vd. (2013)
53 10.3 6.5 3.8 2.3-85 - Rasane vd. (2015)
2 137301 - 115-200 27-35 - Sterna vd. (2016)
5:/ 9.8 - - 3.8 2.1 Knudsen vd. (2017)
10.6 - - 4.6-5.6 - Tang ve Tsao (2017)
17.4 115 59 5.2 4.0-5.4 Collar ve Angioloni (2014)
= 15.4-18.1 7.1-10.0 6.1-9.3 4.7-8.0 3.1-4.1 Honcu vd. (2016)
‘_g, 18.0-24.1 - 1.7-3.3 2.3-3.9 8.4-11.4 Teixeira vd. (2016)
g g 16.8-27.9 - - 3392 5191 Djurle vd. (2016)
<3 10.1 - - 3.9-95 4398 Messia vd. (2017)
g:o/ 20.8 - 3.0 4.2 - Sterna vd. (2017)
= 15.2-20.9 11.1-16.0 3.7-4.5 1.7-2.0 3.1-4.3 Vitaglione vd. (2008)
" o 19.9 - - 15 8.9 Frolich vd. (2013)
E % 9.6 - 3.6 15 5.3 Bucsella vd. (2016)
<o % 20.5 - - 2.0 9.6 Knudsen vd. (2017)
)
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4. Pseudotahillar ve diyet lifi
4. Pseudocereal and dietary fiber

Pseudotahillar gergek tahillara benzer fiziksel goriiniimleri ve benzer yiiksek nisasta icerikleri nedeniyle
bilinen dikotiledonlu tiirlere ait yenilebilir tohumlardir. Pseudotahillar tropik iklimlerden iliman iklim
kosullarina kadar birgok ortama adapte olabilen ve yiiksek genetik degiskenlikleri ile gelecek vaat eden
tirtinlerdir (Joshi vd., 2019). En 6nemli tiirleri kinoa (Chenopodium quinoa Willd), amarant (Amaranthus sp.),
chia (Salvia hispanica L.) ve karabugdaydir (Fagopyrum sp.) (Martinez-Villaluenga vd., 2020). Son yillarda
ozellikle ¢olyak hastalar1 i¢in gliitensiz iiriin formiilasyonlarinda kullanilan pseudotahillar giiniimiizde ¢ogu
saglikli bireyin tiikettigi gidalardan birisidir. Pseudotahillar ilave edildikleri iiriinlere besinsel ve sagliksal
acisindan katkilar ile 6n plana ¢ikmaktadir.

Kinoa (Chenopodium quinoa Willd.), Chenopodiaceae familyasina ait olan bir pseudotahildir. Diinyada 158
bin ton liretim yapilan kinoa tohumunun tilkemizde tarimi son 5 yildir deneme tiretimi seklinde yapilmaktadir.
Cesitlerine gore farklilik gostermekle birlikte ortalama %10-18 protein, %4-8 yag, %54-64 karbonhidrat ve
%2-5 arasinda lif icermektedir (Keskin & Evlice, 2015). Giiney Amerika’daki eski uygarliklarin temel
yiyecegi olan kinoa, her gecen giin daha popiiler hale gelmektedir. Kinoa hem ¢6ziiniir hemde ¢ézlinmez diyet
lifi bakimindan miikemmel bir kaynaktir. Toplam diyet lifi icerigi %7-21.6 arasinda degigmektedir (Tablo 2).
Kinoanin yapisinda bulunan toplam diyet lifinin 78’ini ¢6ziinmez diyet lifi olustururken %22’sini ¢6ziiniir
diyet lifi olusturmaktadir. Coziiniir diyet lifi icerigi bugday ve misirdan yiiksek seviyededir (Graf vd., 2015).

Amarant (Amaranthus caudatus L.), Anavatan1 giiney Amerika olan sicakliga ve kurakliga dayanikli bir
bitkidir. Ulkemizde {iretimi yapilmamaktadir. Yapisinda ortalama %13-21 protein, %5-11 yag , %48-69 nisasta
vardir (Kilinggeker & Biiyiik, 2019). Amarant, tohum olarak genellikle farkli un karigimlarina ilave edilerek
kullanilmaktadir. Amarant gesitleri arasinda diyet lifi icerikleri farklilik gdstermekle birlikte %7.3-20.6
araliginda degismektedir (Tablo 2). Amarantlarda toplam diyet lifinin %75’ini ¢oziinmez diyet lifi
olustururken %25’ini ¢oziiniir diyet lifleri olugturmaktadir (Srichuwong vd., 2017). Ayrica diger tahillardan
ve pseudotahillardan daha fazla suda ¢6ziinmeyen B-glukan igerigine (%25) sahiptir (Venskutonis & Kraujalis,
2013).

Chia (Salvia hispanica L.), maya ve azteklerden bu yana kullanilan tibbi ve yenilebilir bir bitki tiirtidiir (De
Falco vd., 2017). Genellikle tropik bolgelerde yetistirilen chia tohumu %17-24 protein, %18-30 diyet lifi ve
%25-40 oraninda yag iceren bir pseudotahildir (Erdogdu & Geggel, 2019). Ulkemizde yetistiriciligi
yapilmayan chia tohumuna karsi her gegen giin ilgi artmaktadir. Diyet lifi i¢erigi bakimindan chia diger tahillar
ile kiyaslandiginda arpa, bugday, yulaf, misir ve piringten daha fazla lif icerdigi belirlenmistir. De Falco vd.
(2017) yaptiklar1 ¢aligmada Chia’nin toplam diyet lifi %59.8 diizeyine kadar bildirmistir (Tablo 2). Ertas-
Oztiirk ve Sanlier (2017) yaptiklar1 ¢aligmada farkli tohum tiirleri arasinda toplam diyet lifinin %37-40
arasinda oldugunu, ¢6ziinmez diyet lifi icerigi baskin fraksiyon olup %33-35 araliginda, ¢oziiniir diyet lifi
igeriginin ise %6-7 araliginda degistigini bildirmislerdir. Chiada ¢6ziinmez diyet liflerini seliiloz, hemiseliiloz
ve lignin olusturuken ¢o6ziiniir diyet liflerini ¢ogunlukla musilajlar olusturmaktadir. Coziiniir diyet lifi
fraksiyonunun bir pargasi olan musilajlarin milkkemmel su tutma &zelliklerine sahip oldugu bilinmektedir
(Ertas-Oztiirk & Sanlier, 2017).

Polygonaceae familyasina ait olan karabugday kavuzsuz bir tohumdur ve farkl iilkelerde bir¢ok geleneksel
iriinde kullanilmaktadir. Karabugday (Fagopyrum esculentum Moench.), anavatani giineydogu asya olan,
tarihi ¢ok eskilere dayanan 6zellikle son 10 yildir tiiketicilerin daha ¢ok ilgisini ¢eken bir pseudotahildir.
Karabugday yapisinda ortalama %10-12.5 protein, %7-10.7 lif, %1.4-4.7 yag ve %>55-75 nisasta
bulunmaktadir. Karabugday, ekmek, makarna, biskiivi iiretiminde bira, ispirto gibi sanayi iriinlerinde ve
hayvan beslenmesinde kullanilmaktadir (Dizlek vd., 2009). Karabugdayda toplam diyet lifi icerigi %7-11.9
arasinda degismektedir (Tablo 2). Karabugdayin yapisinda ¢oziiniir diyet lifi oran1 daha ytiksektir (%4.8-6.1)
(Boukid vd., 2018; Mir vd., 2018).
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Tablo 2. Pseudotahillarin diyet lifi icerikleri (%)
Table 2. Dietary fiber content of pseudocereals (%)

g?ﬁ:? Lif g?;;nf:ﬁz g?;el;nﬂli?i Kaynakea
14.2 - - Alvarez-Jubete vd. (2010)
§ 16.2-216 - - Pulvento vd. (2012)
S 11.6-151  9.9-12.2 04-2.9  Mirandavd. (2013)
g 7.7-15.0 - - Li ve Zhu (2017)
'§_ 9.8 4.4 5.5 Gewehr vd. (2017)
g § 7-9.5 4.9-5.6 2.1-3.9  Srichuwong vd. (2017)
S 7.0 - - Boukid vd. (2018)
% -:F%. ? 8.9-20.6 - - Alvarez-Jubete vd. (2010); Boukid vd. (2018)
55 S 11.8 9.1 2.7 Robin vd. (2015)
<E.: SEE, 4 § 7.3 55 18 Srichuwong vd. (2017)
37.0-40.0 33-35 6-7 Ertag ve Sanlier (2017)
1'3‘ 47.1-59.8 - - De Falco vd. (2017)
o S § 34.4 - - Srichuwong vd. (2017)
582 8.9 - - Boukid vd. (2018)
’E" §§ 7.0 2.2 4.8 Steadman vd. (2001)
3 S3 10.0 - - Boukid vd. (2018)
SLEE 119 5.8 6.1 Mir vd. (2018)
5. Diyet lifi ve saghk

5. Dietary fiber and healty

Bitkisel kaynakli gidalarin yapisinda dogal olarak bulunan diyet lifi insan metabolizmasi tarafindan
sindirilememektedir. Diyet liflerinin saglik iizerine olumlu etkileri ¢o6ziintirlik durumlarina gore
aciklanabilmektedir. Coziliniir diyet lifleri viicuda alinip ince bagirsaga geldiginde suda ¢oziinerek jel yapi
meydana getirmekte ve gidalarin ince bagirsaktaki hareketini yavaglatmaktadir. Bu sayede besin 6gelerinin
emilim siiresi uzamakta ve gidalardaki glikoz ve yag asitlerinin kana gegmesi yavaslamaktadir. Ayrica, jel
haline gelen ¢oziiniir diyet lifleri kolesterol ve lipitleri yapisina baglayarak viicuttan atilmalarim saglamaktadir.
Coziinmeyen diyet lifleri ise mide ve ince bagirsakta sindirilmeden ya da jel haline doniismeden kalin
bagirsaga gegmektedir. Coziinmez diyet liflerinin kalin bagirsakta sindirim sonrasi arta kalan {irinlerin
fermantasyonunu ve bagirsagin kasilma hareketi iizerine olumlu etkileri mevcuttur. Céziinmez diyet lifleri,
diskinin  kalin bagirsaktan daha kisa siirede atilmasini gerceklestirerek toksik, mutajenik ve zararh
kimyasallarin bagirsak hiicreleri ile en az siirede temas etmesini ve bunun sonucu olarak viicuttan kolayca
atilmasini saglamaktadir (Tas, 2019).

Kardiyovaskiiler hastaliklar, kanser, kronik solunum yolu hastaliklar1 ve diyabet diinyadaki tiim dliimlerin
%60’1na neden olurken, bu oran gelismemis ve gelismekte olan iilkeler i¢in %80 diizeyine kadar ¢ikmaktadir
(Hajishafiee vd., 2016). Tam tahillar, meyve ve sebze tiikketimi dahil olmak {izere ¢esitli beslenme faktorlerinin
bu hastalik risklerini azalttig1 gosterilmistir (He vd., 2010). Giinliik diyet lifi tiikketiminin kalp krizine bagl felg
riskini diistirdiigii ve kardiyovaskiiler 6liim oranini azalttig, tip II diyabet, obezite, diisiik tansiyon, yiiksek kan
basinci ve ateroskleroz riskini disiirdiigl, yapilan klinik ve epidemiyolojik caligmalarda belirlenmistir (Buil-
Cosiales vd., 2009; Hu vd., 2014; Buil-Cosiales vd., 2016). Ayrica diyet lifi tiiketiminin yeterli olmamasi
meme ve kolon kanseri riskini arttirdigi, geng yaslarda obeziteye sebep oldugu, aglik kan sekeri ve tokluk
plazma glikoz diizeyinin dengesiz bir yapiya doniismesine katki sagladigi bildirilmektedir (Kim & Je, 2016;
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Murakami & Livingstone, 2016). Tablo 3’te tahil ve pseudotahil tiiketiminin saglik tizerine etkileri
Ozetlenmistir.

Kanda toplam ve LDL kolesterol seviyesi artmast hipertansiyon ve kalp damar hastaliklaria yakalanma riskini
ylikseltmektedir. Diyet lifi gidalarin bagirsaktan gecis siiresini uzatmakta ve yemek sonrast doygunluk hissi
olusturarak kolesterol seviyesinin diismesine neden olmaktadir. Ayrica bagisiklik sistemini gii¢clendirmekte,
antioksidanlar, vitaminler, mineraller, fitodstrojenler veya lignanlarin viicuttan atilimini geciktirmektedir (Kim
& Je, 2016; Murakami & Livingstone, 2016).

Literatiirde diyet lifinin kardiyovaskiiler hastaliklar tizerindeki etkisini arastiran farkli caligmalar
bulunmaktadir. Yapilan ¢alismalarda giinliik 10 gramdan fazla diyet lifi tilketiminin kroner hastaliklar1 %17,
kroner dlimleri ise %27 oraninda (Pereira vd., 2004), giinlikk 7 gram diyet lifi tiiketiminin ise kroner kalp
hastaliklarina yakalanma riskini %9 oraninda azalttigi (Threapleton vd., 2013) bildirilmigtir. Tahil lifi
tilkketiminin ise diger lif kaynaklarimin tiiketimine gore kalp damar hastaliklarina bagli 6liimleri daha fazla
azalttig1 rapor edilmistir (Li vd., 2014; Huang vd., 2015; Hajishafiee vd., 2016). 15 farkli ¢aligmanin
incelenmesi sonucunda diyet lifi tiiketimi ile tiim kanser tiirleri ve kroner kalp hastaliklarina bagl 6liimler
arasinda iligki oldugu ve giinliik 10 gram ve daha fazla diyet lifi tiiketiminin bu 6liim oranlarini azalttig1 ortaya
konmustur (Kim & Je, 2016). Ayrica ¢oziiniir yulaf B-glukan’t kan kolesterol seviyesini ve kan basincini
diistirdiigii boylelikle kroner kalp hastaligi riskini azalttigi rapor edilmistir (Sterna vd., 2016).

Obezite, tip Il diyabet, kalp damar hastaliklari, metabolik hastaliklar dahil olmak iizere birgok hastaligin risk
faktorlerinden biridir. Diinya saglik orgiitiiniiniin 2013 yilinda yayinladig1 raporda diinyada son 10 yilda
obeziteye yakalanma oranlarinin arttigi ve bu konunun biiyiik bir endiseye yol ac¢tig1 bildirilmistir (WHO,
2016). Nguyen ve Lau (2012) yaptiklar ¢alismada, diinyada yaklasik 1,5 milyar yetiskin insanin asir1 kilolu
ya da obez oldugunu ve obezitenin kiiresel bir salgin olarak biiylimesinin devam ettigini bildirmislerdir. Diinya
saglik orgiitiiniin 2016 yilinda yayimladig: rapora gore ise, 2014 yilinda diinyada 2 milyar insanin asir1 kilolu
oldugu ve bunun 1 milyarinin obez oldugu belirtilmistir (WHO, 2016). Yapilan ¢alismalar giinliik diyet lifi
alimmin kilo kontrolii ve obezitenin 6nlenmesinde katki sagladigimi gostermektedir. Howart vd. (2001)
yaptiklar ¢alismada, giinliik ilave 14 gram diyet lifi tiiketiminin giinliik enerji ihtiyacin1 %10 diigiirdiigi ve
3.8 ayda ortalama 1.9 kg kilo kaybina neden oldugunu belirtmislerdir. Saglikli ve dengeli bir beslenmenin kilo
kontroliine yardimci oldugunu ayrica dogal kaynaklardan ya da biyoteknolojik olarak tiretilen diyet lifi
acisindan zengin beslenmenin kilo kontroliine destek sagladigi, lipit ve trigliserit seviyelerini diigiirdiigii
bildirilmektedir (Cruz-Requena vd., 2016).

Diyet lifi tiiketiminin saglik agisindan etkileri géz Oniine alindiginda kanser tiirleri ile olan etkilerini de
incelemek gerekmektedir. Yiiksek diyet lifi tiiketiminin Gstrojen geri emilimini inhibe etmesinden dolay1
meme kanseri riskini azalttig1 bildirilmistir (Gaskins vd., 2009; Green vd., 2012). Yapilan epidemiyolojik ve
deneysel c¢alismalar, diyet lifinin kolon kanserinin Onlenmesinde 6nemli rol oynadigini gostermektedir.
Bagirsaktaki bakteriler tarafindan ¢oziiniir diyet liflerinin fermente edilmesi ile kisa zincirli yag asitleri
olusmaktadir. Meydana gelen kisa zincirli yag asitleri kalin bagirsaktan hizlica emilmekte ve enerji
metabolizmasina katilmaktadir. Propiyonik asit gibi kisa zincirli yag asitleri, karacigerde kolesterol sentezini
azaltarak kandaki kolesterol seviyesini diisiirmektedir. Ayrica, kisa zincirli yag asitleri kolon ortamimin pH
seviyesini diigiirerek safra atilimini da kolaylastirmaktadir (Soliman, 2019).

Diyet lifi tiiketiminin etkisi ile bagirsak mikroflorast kisa zincirli yag asitleri olusturmakta, safra asidi
dekonjugasyonu ve biyoaktif maddelerin olugsmasi artmaktadir. Ayrica diyet lifleri, kansorejen bilesiklerin
bagirsak yiizeyine tutunmasini 6nlemekte ve bagirsak mikroflorasinin gelisimini desteklemektedir (Zeng vd.,
2014). Coziiniir ve ¢oziinmez diyet lifi tiiketiminin meme kanseri riskini distirdiigi (Farvid vd., 2016), giinliik
10 gram diyet lifi tiikketiminin meme kanseri riskini %5 oraninda azalttig1 (Aune vd., 2012), 2110 kolon kanseri
vakasimin 7.3 yil takip edilmesi sonucu elde edilen verilere gore yiiksek diyet lifi tiiketiminin kolon kanseri
riskini erkeklerde %38, kadinlarda %12 oraninda azalttigi rapor edilmistir (Nomura vd., 2007). Bugday kepegi
lifinin her 1 grami 5.4 g, meyve sebze lifinin her 1 grami 4.9 g, izole seliilozun her 1 gramu ise 3 gram fekal
diskt hacmini arttirdigi bildirilmistir (Slavin, 2005). Meyve ve sebzeler yiiksek lif igerigi yaninda antioksidan,
antimutajenik ve antikanserojen etkilere sahip fitokimyasal bilesiklere de sahiptir. Meyve sebzelerde bulunan
fitokimyasal bilesikler ve lifler kanserojen maddeleri baglamakta veya zarar vermekte ve insiilin
metabolizmasimi diizenlemektedir. Bu etkileri ile pankreas kanserine yakalanma riskini diistirdiigii
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ongorillmektedir (Salem & Mackenzie, 2018). Yulaf B-glukanlari potansiyel antikanser dzellikleri nedeniyle
kolon kanserine yakalanma riskini diigtirmektedir (Sterna vd., 2016).

Diinya genelinde goriilen biiyiik saglik problemlerinden biri tip 2 diyabettir. Uluslararas1 diyabet
federasyonuna gore 2011 yilinda diinya genelinde 311 milyon yetiskin insanin, 2015 yilinda 415 milyon
yetiskin insanin tip 2 diyabetli oldugu, bu rakamin 2030 yilinda 552 milyon, 2040 yilinda ise 642 milyona
yiikselmesinin beklendigi bildirilmektedir (Anonim, 2015). Diyet lifi tiketimi ile diyabet arasindaki iliskiyi
inceleyen calismalarda kadinlarda >25 g/giin, erkeklerde ise >38 g/giin diyet lifi tiiketiminin tip 2 diyabet
riskini %20-30 arasinda diistirdiigii bildirilmistir (Abdurrrahmanoglu, 2017). Tam tahil veya ¢oziinmez tahil
liflerinin yiiksek oranda alinmasi bu diisiisii saglarken, meyvelerden veya belirli sebzelerden alinan ¢oziiniir,
jel formunda veya fermente olabilir liflerin tip 2 diyabet riskini azaltmadigi goriilmiistiir (Weickert & Pfeiffer,
2018). Literatiirde kepekli ekmek, tam tahilli kahvaltilik gevrek, esmer piring gibi tam tahil tiiketimi ile tip 2
diyabet riski arasindaki iligkiyi belirleyen ¢aligmalar bulunmaktadir (Liu vd., 2000). Yapilan ¢alismalarda
ozellikle ¢oziinmez tahil liflerinin yiiksek oranda (>30 g/giin) alinmasinin (Aune vd., 2012) veya tahil liflerince
zengin tam tahil Uriinlerinin (>30-40 g/giin) tiiketilmesinin (Becerra-Tomas vd., 2017) insiilin direncini
diistirdiigii ve tip 2 diyabet riskini %20-30 arasinda diisiirdiigii, yine yiiksek tahil lifli beslenmenin tip 2 diyabet
riskini %33 azalttig1 bildirilmistir (\Weickert & Pfeiffer, 2018). Coziiniir diyet lifi aliminin glisemik indeks ile
direkt baglantili oldugu ¢aligmalarda belirtilmektedir (\Weickert & Pfeiffer, 2018).

Tip 2 diyabet hastaligimin son yillarda hizla artmasinin baslica nedenleri asirt kilo ve yetersiz fiziksel
aktivitedir. Insanlarin giinliik diyeti; tip 2 diyabeti dogrudan, obeziteyi ise dolayl1 yoldan etkilemektedir. Tam
tahillar rafine gidalarin aksine, ruseym ve kepek kismini biinyesinde barindirmaktadir. Tam tahillarin
icerdikleri lif, vitamin, mineral ve fitokimyasallarin glikoz metabolizmasini diizenlemesi ve insiilin direncini
diisiirmesi tip 2 diyabet riskinin diismesine ayrica, fazla kilo ve obezitenin azalmasina neden olmaktadir (Aune
vd., 2012). Tahil liflerinin tip 2 diyabete karsi bu koruyucu etkisi: insan viicudunda enerji metabolizma
dongiisiinde glikoz toleransini gelistirmesi ve kisa zincirli yag asitlerinin olusumuna neden olmasi, bagisiklik
sistemini gelistirmesi ve iltihaplanmay1 azaltmasi olarak 3 sekilde agiklanabilmektedir (Davison & Temple,
2018).

Tablo 3. Tahil ve pseudotahillarin saglik tizerine etkileri
Table 3. Effects of cereals and pseudocereals on health

Hastahk Sonug¢ Kaynak¢a

Giinliik ilave 14 g bugday kepegi tiiketimi giinliik enerji Howart vd. (2001)

Obezite ihtiyacini1 %10 diistirmektedir.

Giinlik en az 6-8 g bugday kepegi lifi tiiketiminin

bagirsak mikroflorasinin diizenlenmesine yardim ettigi ve  Jefferson ve Adolphus
kolon kanserine yakalanma riskini diislirdigii rapor (2019)

edilmistir.

Bugday

Kolon kanseri

Hastanede yatan 28 tip 2 diyabet hastasi {izerinde yapilan

bir caligmada kahverengi piring tiikketimi kan glukoz

seviyesinde ani degisikliklere neden olmadig1 ve tip 2 Kondo vd. (2017)
diyabet riskini disiirdiigii bildirilmistir.

Tip 1-2 Diyabet

Kroner kalp Siyah piringlerin yiiksek diyet lifi igerigi sayesinde

hastaliklar1 arterlerde plak olusumunu azaltarak damarlarin  Thanuja ve
tikanmasimi ~ 6nlemekte ve kalp krizi riskini Parimalavalli (2018)
diisiirmektedir.

Piring

Kolesterol Dusiik glisemik indeks degerine sahip diyet 1if Upadhyay ve Karn
bakimindan zengin kahverengi piring aliminin kan serum (2018)
lipt seviyesini diisiirdigii buna bagh olarak da HDL
kolesterol seviyesini arttirdigi rapor edilmistir.
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Tablo 3. Devami
Table 3. Continuing

Hastahk

Sonug¢

Kaynak¢a

Obezite

Tip 2 Diyabet

Misir

Bagirsak

Misir diyet lifi olarak kabul edilen direngli nisasta
bakimindan zengin bir {iriindiir. Misirdan alinan direngli
nisastanin kolesterol metabolizmasini etkileyerek obezite
ve hiperlipidemi riskini azalttig1 bildirilmektedir.

Direngli nisasta icerigi yiiksek misir tiiketiminin kan ve
serum insiilin diizeyini dengede tuttugu ve tip 2 diyabete
yakalanma riskini diistirdiigii bildirilmektedir.

Gilinliik 17-30 g direncli nisasta tiikketiminin bagirsak
hareketlerini diizenledigi ve 1slak digk1 agirhigimi 2,7g/gilin
arttirdig1 ayrica digki ile atilan kisa zincirli yag asitleri ile
asetat oranini yiikselttigi rapor edilmistir.

Shah vd. (2016)

Sheng vd. (2018)

Sheng vd. (2018)

Kolesterol

Yulaf

Kolon kanseri

Yulaf B-Glukant kan kolesterol seviyesini diisiirerek
kroner kalp hastalig1 riskini diistirmektedir.

Yulaf B-Glukan antikanser ozelligi nedeniyle kolon
kanserine yakalanma riskini diigiirmektedir.

Sterna vd. (2016)

Sterna vd. (2016)

Kanser

Kolesterol

Cavdar

Obezite

Prostat kanseri olan erkekler {izerinde yapilan bir
caligmada yiiksek lifli gavdar tiiketiminin kansere neden
olan inflamatuar markor C-reaktif proteinin GSnemli
Olciide azaldig bildirilmistir.

190 saglikli birey {iizerinde yapilan bir ¢aligmada
bireylerin giinliik diyetine fermente edilmis ¢avdar kepegi
ilave edilmistir. 12 hafta sonra LDL kolesterol
seviyesinde %6 oraninda diistiigii bildirilmistir.

Cavdardaki bazi diyet liflerinin fermantasyonu sirasinda
meydana gelen biitirat gibi kisa zincirli yag asitlerinin
doygunluk hissi verdigi, ayrica c¢avdar ekmeginde
seratonin benzeri maddelerin bulundugu ve bu
maddelerinde tokluk hissi olusturdugu rapor edilmistir.

Landberg vd. 2010

Jonsson vd. (2018)

Johansson vd. (2018)

Kolesterol

Arpa

Bagirsak

Tip 2 Diyabet

615 kisi tizerinde yapilan bir caligmada ortalama 4 hafta
boyunca giinliik 6.5-6.9 g arpa tiketiminin LDL
Kolesterol  seviyesini  Onemli  Olclide  azalttig
bildirilmistir.

26 saglikli birey iizerinde yapilan bir ¢alismada 2 ay
boyunca giinlik 3 gr arpa B-glukam icerecek sekilde
uygulanan diyet sonrasi digki mikrobiyotasi incelenmis
ve bireylerin digkilarinda Clostridiaceae, Roseburia
hominis, Ruminococcus sp. ve Fusobacteria sayilarinda
azalma meydana geldigi tespit edilmistir.

60 giin boyunca giinliik 1.2 g arpa tiiketimi tip 2 diyabet
riskini diisiirdiigi bildirilmistir.

Ho vd. (2016)

De Angelis vd. (2015)

Yang vd. (2016)
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Tablo 3. devamu
Table 3. continuing

Hastahk Sonug¢ Kaynakc¢a

Gilinliik 6giinde 2.5-5 g kinoa tiiketiminin kalp damar
hastaliklarmma yakalanma riskini %21 disiirdiigiic  Mellen vd. (2008)
bildirilmistir.

Kardiyovaskiiler
Hastaliklar

18 ila 45 yaslar1 arasindaki 22 6grencinin 30 giin boyunca

giinliik diyetlerine kinoa ilave edilmesi trigliserit, toplam . .

kolesterol ve LDL seviyelerini 6énemli 06l¢iide azalttig Farinazzi vd. (2012)
ortaya konmustur.

Kolesterol

Kinoa

Yaklasik 40 gr kinoa tiiketiminin gilinliik alinmasi

gereken vitamin ve minerallaerin biiyiilk ¢ogunlugunu

karsiladig, yiiksek diyet lifi sebebiyle kolon kanserine Ledesma (2019)
yakalanma riskini diistirdligii bildirilmektedir.

Kolon Kanseri

20 yetigkin saglikli birey {izerinde yapilan bir ¢alismada . .
Inme 12 hafta boyunca giinde 37 g chia tohumu tiikketilmesinin I(\ggg-(;)n ek ve Krejpcio
inme ve kalp krizi riskini diisiirdiigii bildirilmistir.

Diyabet Her giin 0-24 g arasi chia tohumu ilave edilmis ekmek
tilketen 11 saglikli erkek ve kadin iizerinde yapilan bir
calismada yemek sonrasi 120. dk daki tokluk seker Vuksan vd. (2010)
diizeyinin diistiigii tespit edilmistir.

Chia

Menopoz Menopoz sonrasi 10 saglikli kadin iizerinde yapilan
calismada 7 hafta boyunca giinde 25 gr 6giitiilmiis chia .
X Finvd. (2012)
tohumunun yutulmasimin menopoz sonrasi olusabilecek
olumsuzluklari azalttig1 bildirilmistir.

Tip 2 diyabet Giinliik karabugday tiiketiminin tip 2 diyabet riskini Kreft (2016)
disiirdiigi bildirilmistir.

Kolesterol Karabugdayin yapisinda bulunan ¢6ziiniir diyet liflerinin  Bobkov (2016)
toplam kolesterol seviyesini diisiirdiigii tespit edilmistir.

Karabugday

Giinliik karabugday alimmnin yiiksek diyet lifi igerigi Kang vd. (2016)
Obezite nedeniyle anti-obezite etkisi meydana getirdigi
bildirilmistir.

6. Diinya’da lif tiiketimi
6. Fiber consumption in the world

Diinya Saglik Orgiitii (WHO) ve Birlesmis Milletler Gida ve Tarim Orgiitii'ne gore, yetiskin bir bireyin giinde
ortalama 25-35 g lif veya 14 g 1if/1000 kcal giin, 2 yasindan biiyiik ¢ocuklarin ise 0.5 g/kg viicut agirhig lif
tiikketmesi Onerilmektedir. Ayrica yastan bagimsiz olarak erkek bireylerin, kadinlardan daha fazla lif tiiketmesi
tavsiye edilmektedir (Buil-Cosiales vd., 2016). Tiketilecek diyet lifi tiirii ve kaynagi hakkinda spesifik bir
tavsiye bulunmamakla birlikte, alinacak diyet lifinin %50’den fazlasinin tam tahillardan karsilanmasi
onerilmektedir (Evert vd., 2013). Onerilere ragmen kiiltiirel degisimlerle birlikte gelen disarida yeme kiiltiirii,
kentlesme, rafine edilmis ve islenmis gida tiiketimine yonelim, ekonomik yetersizlik ve bilgi eksikligi gibi
nedenlerden dolay1 diinya genelinde giinliik diyet lifi tiiketimi oldukg¢a diisiiktiir (Hajishafiee vd., 2016).

Avrupa iilkelerinde diyet lifi alimi1 miktarlar1 Tablo 4’te gosterilmektedir. Yapilan arastirmalar Avrupa
iilkelerinde erkeklerde ortalama 20.12 g/giin, kadmlarda 17.70 g/giin diyet lifi tiiketiminin oldugunu
246




Cingoz vd. 2023 / Volume: 13 « Issue:1 « Page 235-255

gostermektedir. Avrupa iilkeleri icerisinde en diisiik diyet lifi tiiketiminin Ispanya ve Ingiltere’de, en yiiksek
diyet lifi tiiketiminin ise Almanya ve Norveg’te oldugu belirtilmistir. Ulkelerin beslenme aligkanliklarmin
giinliik diyet lifi tiiketimi {izerinde etkili oldugu disiiniilmektedir. Farkli beslenme sekillerine sahip olan
iilkelerin diyet lifi tilketimine bakildiginda Amerika Birlesik Devletleri’nde 20-35 g/giin arasinda, Japonya’da

20-35 g/giin arasinda, Kore’de 20-25 g/giin arasinda ve Avustralya’da ise 25-30 g/giin arasinda degistigi
belirtilmektedir (Kim & Paik, 2012). Tiirkiye’de giinliik diyet lifi tiikketimi ile ilgili verilere ulagilamamistir.

Tablo 4. Avrupa tilkelerinde giinliik diyet lifi alim miktarlari (g/gtin) (Stephen vd., 2017)
Table 4. Daily dietary fiber intake in European countries (g/day)

Erkek Kadin Erkek Kadin
(g/giin) (g/giin) (g/giin) (g/giin)
Belcika 15.67 13.83 Macaristan 24.33 21.00
Danimarka 22.00 19.43 Hollanda 21.00 17.50
Almanya 26.33 24.17 Avustralya 19.71 19.00
irlanda 20.75 18.00 Portekiz 18.00 16.00
Ispanya 13.00 12.00 Finlandiya 22.00 20.60
Fransa 18.67 16.67 Isvec 21.00 18.50
italya 18.50 16.50 Ingiltere 13.50 11.75
Litvanya 21.00 16.00 Norve¢ 26.60 22.20
7. Sonug¢
7. Conclusion

Diyet lifi ile ilgili aragtirmalar beslenme ve saglik iizerine etkileri ile fonksiyonel bir bilesen olarak gida
endiistrisindeki potansiyel uygulamalar1 iizerine yogunlagsmaktadir. Diyet liflerinin ana kaynaklar1 tahillar,
pseudotahillar, bakliyatlar, meyve ve sebzelerdir. Ayrica birgok sentetik lif de (polidekstroz, siklodekstrin vb)
gida endiistrisinde kullanilmaktadir. Tahil ve pseudotahillarin meyve ve sebzelere gore ¢oziinmez diyet lif
icerikleri daha yiiksek seviyededir. Giinliik diyet lifi aliminin 6zellikle kolon, mide ve pankreas kanserleri
olmak iizere farkli kanser tiirlerinin 6nlenmesinde katki sagladigi, obeziteye yakalanma ihtimalini diislirdiigi,
kilo kontroliine yardimc1 oldugu ve kroner kalp hastaliklarinin azaltilmasinda etki sagladigi goriilmektedir.
Bununla beraber yapilan ¢alismalar ortalama diyet lifi tiiketiminin dnerilen diizeylerin ¢ok altinda oldugunu
gostermektedir. Kronik rahatsizliklara yakalanma riskini diisiirmek, daha saglikli bir yasam siirebilmek i¢in
giinliik beslenmede mutlaka diyet lifine yer verilmelidir. Diyet lifi kaynagi olarak farkl: iiriinler mevcut olsada
tahil ve pseudotahillarin lif igeriklerinin insan metabolizmasina faydali oldugu g6z Oniine alinarak, giinliik
diyette 10 g ve lizerinde tahil ve pseudotahillara yer verilmesi 6nerilmektedir.
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YAZAR REHBERI
1. KAPSAM ve GENEL BIiLGIi

Giimiishane Universitesi Fen Bilimleri Dergisi (GUFBD), Giimiishane Universitesi'nin yayin
organidir. Dergi kapsaminda biitiin Fen, Teknoloji, Miihendislik, Tarim ve Mimarlik Alanlarinda
daha 6nce bagka yerlerde yaymlanmamus, 6zgiin, arastirma makaleleri, derlemeler ve editore
mektuplar yayinlanir (Anket ¢calismalar1 dergimizin konu kapsamina uygun degildir).

Dergi bilimsel ve hakemli bir dergi olup, Ocak, Nisan, Temmuz ve Ekim aylarinda olmak iizere
yilda dort kez ¢evrimigi ortamda yayimlanir.

Derginin amaci arastirma ve gelistirme faaliyetlerinin bilimsel yayina doniistiiriilmesi, ulusal ve
uluslararasi indekslere girerek evrensel bilime katki saglamaktir.

2. YAYIN DIiLi ve ANLATIM

Dergide yaymnlanacak tiim yazilar i¢in yayn dili Tiirkge ve Ingilizce’dir. Anahtar kelimeler
alfabetik siralamaya uygun olarak verilir. Ingilizce anahtar kelimeler (Keywords) ise yine bu
siralama dikkate alinarak yazilir.

Makale icerisinde yazar tarafindan gergeklestirilen caligmalara yonelik (Deneysel calismalar,
analizler vb) anlatimlarda {i¢iincii sahis kullanilmaya 6zen gosterilmelidir.

3. ELEKTRONIK ORTAMDA BASVURU

Dergi ile ilgilitiim yazigmalarda DergiPark tarafindan saglanan arayliz kullaniimalidir.
Dergi yazim kurallarina uygun olarak hazirlanmis makaleler, basili kopyaya gerek olmaksizin,
Ulakbim Dergipark {izerinden https://dergipark.org.tr/tr/pub/gumusfenbil/ adresi kullanilarak
gonderilmelidir. Dergiye makale gondermek isteyen yazarlarin yazim kurallart ile
birlikte "Gonderi Kontrol Listesi"ndeki her maddeyi de kontrol etmeleri gerekmektedir.
Makaledeki bilgilerin dogrulugunun sorumlulugu yazar(lar)a aittir.

Yayinlanacak makalelerde, arastirma ve yayin etigine uygunluk esastir. "Makale Gonderimi ve
Telif Hakki Devir Formu" doldurulup biitiin yazarlar tarafindan imzalanmalidir. Yayn ile ilgili
islemler bu formun tesliminden sonra baslar. Bu formun farkli kopyalar1 baska sehirlerde yasayan
yazar(lar) tarafindan ayr1 ayr1 imzalanip génderilebilir. Dergi ana sayfasinda yer alan “Etik Ilkeler
ve Yayin Politikas1” yazarlar tarafindan 6nemle dikkate alinmalidir.

Hayvanlarin veya zararli maddelerin kullamldig arastirmalarda “Etik Kurul izin Belgesi’nin
makaleye eklenmesi gerekir. Insanlarin denek olarak kullanildig1 arastirma sonuglarini igeren
makalelerde yazar(lar), “insan denemeleri iizerinde yetkili kurul” etik standartlarina ve gézden
gecirilmis Helsinki bildirgesi 1983’e uygunlugunu belgelemeleri gerekir.



4. DEGERLENDIRME SURECI

Giimiishane Universitesi Fen Bilimleri Dergisi’ne iletilen yazilar éncelikle dergi bas editdriiniin
yonlendirecegi alan editorii tarafindan konu bagligi ve anahtar kelimelere dayanilarak bigimsel
acidan degerlendirilir. On kontrol asamasinda oncelikle intihal tespit yazilimlar1 kullanilarak
benzerlik raporlari olusturulur. Aday yayinin benzerlik raporu toplamda %20 den az olmali ve tek
bir kaynaktan ise %4 oranindan fazla olmamalidir. Daha sonra incelenecek yayinin dergi formatina
uygun olup olmadigina karar verilir. “Makale Gonderimi ve Telif Hakki Devir Formu” olmayan
veya eksik olan aday yayinlar ile benzerlik orani sinirlarini asan aday yayinlar 6n incelemeye
alinmaz. Oninceleme asamasini gecen yazilar dergi bas editdrii tarafindan inceleme siirecinin
gergeklestirilmesi icin ilgili alan editoriine yonlendirilir.

Alan editorii bilimsel igerik bakimindan degerlendirilmek iizere aday yayini, konusuna uygun
olarak en az li¢ hakeme yonlendirir. Hakem se¢iminde 6ncelikle konu ile ilgili dergi yayin danisma
kurulu iiyelerinden ya da alaninda uzman baska bir bilim insanindan yararlanilir. Hakemler
degerlendirmeleri sonucunda, uygun, diizeltilerek yayinlanabilir, diizeltildikten sonra tekrar
gormek isterim, istedigim diizeltmelerin kontroliinii derginin uzman bilimsel ekibi tarafindan
yapilmas1 uygundur veya yaymlanamaz seklinde kararlar1 verebilirler.

Diizeltme istenen yazilarla ilgili olarak yazar gerekli diizeltmeleri yapar. Ayrica katilmadigi
hususlarla ilgili olarak gerekgeli yazisin1 dergiye gonderir.

Hakem kurulu tarafindan farkl tiirde degerlendirilen yazilar i¢in alan editorii kendi goriisiinti de
ekleyerek degerlendirmenin sonug¢landirilmasi i¢in bas editore iletir. Degerlendirmede son karar
bas editore aittir. Bag editor gerekli goriirse yeni bir hakem tayin eder veya yazi ile ilgili kararini
sonu¢landirir.

Tiim degerlendirmeler sonucunda kabul ya da red karari1 gerekgeleri ile birlikte DergiPark
iizerinden yazismadan sorumlu yazara iletilir.

Degerlendirme sonucu kabul karar1 verilecek makaleler yazim ve dil editdriine yonlendirilerek
ilgili makalenin yazim ve dil yoniinden incelemesi ile dergi yazim kurallar1 agisindan uygunlugu
saglanir. Kabul edilen makaleler dergi sekreteryasi tarafindan esasa baglh kalinarak yayina uygun
formata doniistiiriiliir.

Dergide yayimlanan makaleler baska hi¢ bir yerde yayimlanamaz veya bildiri olarak sunulamaz.
Kismen veya tamamen yayimlanan makaleler kaynak gdsterilmeden hi¢bir yerde kullanilamaz.
Dergiye gonderilen makalelerin igerikleri 6zgiin, daha 6nce herhangi bir yerde yayimlanmamis
veya yayimlanmak tiizere gonderilmemis olmalidir. Degerlendirmeye sunulacak c¢aligmalarin bir
baska dergiye gonderilmedigi veya basilmadigi 6n yazi ile belirtilmelidir.



Makale basim i¢in kabul edilmezse “Makale Gonderimi ve Telif Hakki Devir Formu” nun yasal
bir 6nemi kalmaz ve hiikiimsiiz olarak kabul edilir. Bu formun imzalanmasi ile yazarlar, makalenin
“Giimiishane Universitesi Fen Bilimleri Dergisi” dergisi ve web sayfasinda yayinlamasina ilaveten
makalenin tamami veya bir kisminin yasal olarak ¢ogaltilmasi ve dagitilmasi1 hakkini Giimiishane
Universitesi’ne devrederek, kendi haklarindan feragat etmektedirler.

5. MAKALE TURLERI

Dergide yayinlanan farkli yayin formatlari ile ilgili bilgiler ve yaz tiirlerine gore yazarlarin dikkat
etmeleri gereken hususlar su sekildedir:

5.1 Arastirma Makaleleri: Tiirkge Baslik, ingilizce Baslik, Yazarlar, Adresler, Tiirkge Oz, Tiirkce
Anahtar Kelimeler, Ingilizce Oz, ingilizce Anahtar Kelimeler, Giris, Amag, Gere¢ ve Yontem,
Bulgular, Tartisma ve Sonuglar, gerekli ise Etik konular, Katki Belirtme ve Tesekkiir, Kaynaklar,
Sekil ve Tablolarla ilgili agiklamalar icermelidir. Makale konunun uzmanlar1 tarafindan
tekrarlanabilecek sekilde yeterli bilgiyi igermelidir. Bu tiir makalelerde ana metin 3500-4000
kelime arasi olmali, kaynak sayis1 40’1 agmamalidir.

5.2 Derlemeler: Yazar(lar)in uzmanlik alaninda yapilmig eski arastirmalarin derlenip elestirel bir
sekilde yorumlanip ortaya yeni bir goris ileri siiren ¢alismalar1 kapsamalidir. Bu tiir makale 6neren
yazar(lar)in en az 10 SCI-Expanded makalesi bulunmali ve bunlarin en az 5 tanesi derleme yaptigi
alanda olmalidir. Derlemeler, Tiirkge Baslik, Ingilizce Baslik, Yazarlar, Adresler, Tiirkge Oz,
Tiirkce Anahtar Kelimeler, ingilizce Oz, Ingilizce Anahtar Kelimeler, Giris, Ana Boliimler, Alt
Boliimler, Sonug, Katki Belirtme ve Tesekkiir, Kaynaklar, Sekil ve Tablolarla ilgili agiklamalar
icermelidir. Ana metin en fazla 5000 kelime olup kaynak sayisinda bir kisitlama yoktur. Bu tiir
calismalar literatiirle ilgili genis bir tartisma ortaya koymali ve kaynak sayis1 en az 40 olmalidir.

5.3 Editore Mektup: Dergide yaymlanmis makaleler hakkinda veya ilgili diger konularda soru
sormak, goriis bildirmek isteyenlerin yazilar1 bu tlirde degerlendirilir. Bu tiir yazilarda kapsam ve
etik kavramlar g6z onilinde bulundurulur. Ana metin en fazla 1000 kelime olup kaynak sayisi 10°u
gecmemelidir.

6. MAKALENIN HAZIRLANMASI
Dergiye degerlendirilmek {izere yayin gonderecek yazarlarin GUFBD makale sablonu dosyasini

dikkate alarak yaymlarin1 hazirlamalar1 ve gerekli olan diger belgelerle birlikte sisteme yiiklemeleri
gerekmektedir.
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