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Dear participants,

INCOHIS 2024 SPRING Congress is an internationally recognized academic event. With this congress,
where face-to-face and remote participation is supported, you will have the opportunity to present your
scientific publications. Our congress, which is attended by respected names in the scientific community,

is a candidate congress to bring new horizons to science.

From 12 countries 270 participants applied to the congress. Participants presented their papers for two

days in the congress.

We are also grateful to the esteemed participants, our keynote speakers, our referees for their support
and contributions to the success of this congress. Thank you for attending our academic event and

supporting us.

The INCOHIS congress will be held every year by raising its target higher. It will reach out to wider

communities and increase the number of papers and participants.

Any kind of feedback about the congress is very important to us. You can reach our congress from our

web page, info@incohis.com e-mail address and official social media accounts.

12.06.2024
INCOHIS ORGANIZING COMMITTEE
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ABSTRACTS / POSTERS

The abstract fields of the papers that have met all the conditions of the Incohis 2024 Spring congress
as abstract, poster and full text will be shown on the following pages. In addition, the full texts of the
papers that have been applied as full text are available on the following pages.



\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

RECENT ADVANCES IN ORGANIC CHEMISTRY

Lecturer KAZIM KAHRAMAN
Kocaeli University, Kocaeli Vocational School, Chemistry
kazim_kahraman@hotmail.com

Abstract

Organic chemistry is a branch of science that studies the structures, properties and reactions of natural
and synthetic compounds. Continuous developments in this field are important in terms of synthesis
strategies, reaction mechanisms and the discovery of new compounds. New Synthesis Methods;
Metaplant reactions are an effective method in the synthesis of organic molecules in which the alkyly
group is changed. The use of alkylated group in small percentages can improve the reaction efficiency.
C-H activation, on the other hand, has developed new strategies for the selective activation of C-H bonds
in the synthesis of natural products and complex molecules. Metal catalysts play a critical role in
advances in this field. Novel Reactions and Mechanisms; Photoredox catalysis triggers redox reactions
with the use of light. This method is used in the rapid and selective synthesis of complex molecules.
Electrophilic amination, on the other hand, is a new method for the synthesis of amines as a result of the
reaction of electrophilic substrate with nucleophilic amine reactant. It is used in the pharmaceutical
industry and in the synthesis of biologically active compounds. Applications and Areas of Progress; The
importance of organic chemistry in pharmaceutical chemistry is increasing. New synthesis strategies
and reactions allow drugs to be synthesized more quickly and efficiently. Green chemistry plays a
critical role in the future of organic chemistry with environmentally friendly synthesis methods. Waste
reduction, minimizing the use of solvents, and the use of raw materials derived from renewable resources
are among the focal points of green chemistry. In this study, new synthesis methods, reactions and
applications in the field of organic chemistry are discussed and developments to make this branch of
science more effective and environmentally friendly are examined. These developments will guide
future research and contribute to the development of products used in a variety of industries.

Keywords: Organic Chemistry, Pharmaceutical Chemistry, Green Chemistry
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Abstract

Molecular markers are used in molecular studies to describe the distinctive nature of molecules in
species without taking into consideration the environmental, developmental and physiological nature of
the species. It is simply classifying species at their molecular levels. Molecular markers are
transmissible, detectable DNA sequences found at perculiar places within the genome which can be used
to detect DNA polymorphism between the nucleotide sequences of different individuals. Five temperate
cereal species; Avena sativa, Secale cereale, Hordeum vulgare, Triticum durum, and Triticum aestivum,
and one tropical cereal species, Sorghum bicolor were molecularly characterized in this study. A total
of 15 individuals all from the Poaceae family were studied in two replicates to confirm reproducibility
of the marker system used. Poaceae also known as Gramineae is a large family of monocotyledonous
flowering plants which are found almost everywhere usually referred to as grasses. The iPBS procedure
is a great marker system for genetic similarity studies in plants and a cheap procedure to perform
produceing high reproducible, scorable, and polymorphic bands (amplicons). The manual scoring
revealed 1491 bands with 1248 being polymorphic. The dendrogram based on the UPGMA clustering
and a principal coordinate analysis (PCoA) indicated the presence of two distinct clusters. Some
variabilities existed between the temperate and tropical species indicating their geographical diversity
and adaptations. This study provides basis for further research on these species to identify sources of
variation for climate resilience and resistance breeding for sustainable agriculture.

Keywords: Poaceae, Molecular Characterization, Cereals, Ipbs Markers, Polymorphism
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Abstract

This study aimed to determine the dose level to which Yttrium-90 radiopharmaceutical, which is widely
used in the treatment of liver tumors, exposes the lungs. During the study, a Phantom that models the
lung and liver in 3D was used. While PLA powder was used as the material to create the phantom, the
3D design of the phantom was made using the Zbrush program. In order to measure the radiation
exposure on the phantom’s surroundings, a plexiglass box was created, taking into account the
dimensions of the phantom, and the phantom was placed inside this box. Thermoluminescence
dosimeters used to measure the radiation exposure of the lung were strategically positioned in the right
and left lobes of the lung. Yttrium-90 was injected into liver section of the phantom, and dose levels
were measured with the help of 24 different dosimeters positioned over the lung. The measured dose
levels were displayed with the help of Thermo Scientific Harshaw TLD Model 4500. When the results
were examined, it was seen that the radiation exposure rate of right lung was calculated to be higher
than the left lung in the same regions. As a result of comparing all measured areas, the highest exposure
rate was detected in the middle posterior wall of the right lung. The detected value was seen between
1.4091 and 1.1845 Sv.

Keywords: Radiation Dose Level, Yttrium-90, Tld, Liver Tumor, Lung
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Abstract

Phthalocyanines, the most important and common tetrapyrrole derivatives, have been the subject of
interdisciplinary research due to their unique high stability, architectural flexibility, diverse coordination
properties, good spectroscopic properties, rich and reversible redox chemistry. The unique properties of
the Phthalocyanines lead to their use in different applications such as medicine, optical communication,
gas sensors, photoconducting agents, chemical sensors, molecular metals, liquid crystals, non-linear
optics, catalysis, and most importantly they are utilized as stand-alone or composite semiconductor
materials. Interestingly, the physicochemical characteristics of the phthalocyanines can be precisely
altered by modifying the central metal ion and the substituent at the periphery of the benzene rings. In
this study, the synthesis of bis 4-[(6-bromonophthalene-2)-oxy] substituted phthalocyanines at
peripheral positions was carried out and the characterization was confirmed by FT-IR, UV-Vis, mass
and NMR spectroscopy. Additionally, the spectral and aggregation properties of phthalocyanine
complexes were examined.

Keywords: Phthalocyanine, Aggregation, Peripheral Position
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Abstract

Although the rapid development of technology and new developments in the internet world provide
convenience and advantages in the business process for large companies, it is a fact that they also bring
with them at least as many threats and risks. In the world of cyber security, a new type of attack and a
defense strategy are developed almost every week. It is estimated that 30,000 websites are attacked
every day around the world. These figures are constantly increasing, the cyber attacks that companies
face are increasing, and defense strategies against these attacks are always updated. IPS (Intrusion
Prevention System) products are among the products that contribute the most to defense strategies. IPS
systems have a very important place in the cyber security world, and the performance rate of these
systems is directly proportional to the level of protection in security systems. In this study, a hybrid
model proposal is presented to increase the performance rate and reduce the error rate in IPS systems.
The fact that the error rate of IPS systems that work only on classical signature basis or are created
entirely with machine learning is not as low as expected, negatively affects the protection duty in cyber
security systems. In order to solve this problem, in this study, a hybrid IPS system was created and the
error rate was tried to be reduced. The Hybrid IPS System Model includes many important factors such
as signature-based protection, machine learning, blacklist usage, DDoS protection and source IP location
control. The use of many different parameters in the same system both increased the protection
performance rate and provided a flexible architectural management for the cyber security experts who
manage the system.

Keywords: Ddos, Hybrid Ips Model, Ips Systems, Blacklist And Ip Reputation, Source Ip Location
Control, Machine Learning
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Abstract

Traditionally, phosphate pretreatment is used to increase adhesion strength before cataphoresis.
However, phosphate pretreatment applied to aluminium material surfaces does not form sufficient
phosphate crystals, reducing cataphoresis coating adhesion strength and adversely affecting corrosion
properties. In this study, a chromium-free pretreatment using the commercial product ECOAL 20A
solution was applied instead of the phosphate pretreatment to improve adhesion and corrosion resistance
in the cataphoresis coating process, which is the cheapest and most widely used in the automotive sector.
AA5754 aluminium alloy, commonly used in the automotive industry, was used as the substrate in the
experimental studies. The experimental process was optimised with different immersion times (45, 60
and 75 seconds). EcoAL 20A was used at a concentration of 1%. Adhesion and corrosion testing was
performed by DIN EN ISO 2409 (dry adhesion), ASTM D 870-02 (water resistance), and MIL-STD-
810G (moisture resistance). Visual evaluation (observation of white and red rust) was performed on the
coatings after testing. After the visual assessment, the adhesion strength and corrosion properties were
evaluated using cross-cut.

Keywords: Aluminium, Cataphoresis, Chrome Free, Adhesion Strength, Corrosion
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Abstract

Nanomaterials can exhibit various biological response depending on their physico-chemical properties,
environmental conditions, and also target organism. Polytetrafluoroethylene nanoparticles (PTFE NPs)
is a thermoplastic fluoropolymer which known that quite challenging recycling and they use as non-
stick coating on cookware materials. Despite their widespread use, very limited information is available
regarding to toxicity and risk assessments of PTFE NP on environmental and human health and also
their behaviour in biological environments. In this study, we aimed to investigate potential toxicological
effects of PTFE NPs with 260 nm size dimension on L929 (fibroblast cell line) and A549 (lung cancer
cell line) and haemolytic activity on red blood cells (RBCs). According to test results, it was observed
that PTFE NPs caused significant dose-dependent cytotoxic effect on both cell lines and have increased
hemolysis percentage at applied doses (20-160 pg/ml) with 1.7%, 1.9%, 2.4%, 5.2%, respectively.
Overall, it is obvious that there is unknown effect of such a widely used material that need further studies
and PTFE-NPs were found to be relatively non-safe material with increased of toxicological impact.
This study was supported by Atatiirk University, Scientific Research Project (FYL-2023-12791).

Keywords: Ptfe, Nanoparticle, In Vitro Toxicity, Hemolysis
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Abstract

Many studies have been conducted on potential applications of nanoparticles which include the
modifications by using different molecules for their potential use in drug delivery and imaging systems.
Cerium oxide nanoparticles (CeO2 NP) are well known as their antioxidant properties that can be used
in several applications. L-glutamic acid is an essential amino acid which common use as surface
modification molecule. In this study, CeO2 NP (< 25 nm) were modified with glutamic acid for surface
functionalization that will allow further molecules such as drugs to bind to the structure. FTIR
spectroscopy, ZETA sizer and potential, XRD analyzes were performed to determine the
characterization. In vitro cytotoxicity assay was carried on MCF-10A (healthy human breast cell line)
and MCF-7 (human breast cancer cell line) to determine cell viability after 24h exposure by WST-1 and
hemolytic activity was performed as interaction with red blood cells (RBC) at applied doses (20-160
pg/ml). As a result of study, modification of glutamic acid on CeO2 NP was confirmed by
characterization analyses with 134,6 nm size and specific peaks belong to the structure. According to
cytotoxicity test, CeO2 NP and Glu-CeO2 NP did not show any cytotoxic effect at applied doses on both
cell lines. However, in hemolysis test, while CeO2 NP caused hemolysis at applied doses with 2.6%,
2.8%, 4.2%, 8.3% percentage, Glu-CeO2 NP reduced hemolysis percentage as 1.7%, 1.6%, 2.5%, 3.5%,
respectively. In conclusion, it has been observed that Glu-CeO2 NP were increased biocompatibility
when compared CeO2 alone and have the potential to be used at recommended doses in therapeutic
applications. This study was supported by Atatiirk University, Scientific Research Project (FYL-2023-
12754).
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\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

REUSE AND EVALUATION OF THE QUALITY OF POLYETHYLENE FILM
RECYCLED BY MECHANICAL METHOD IN FLEXIBLE FOOD PACKAGING

Expert EDA ARKON
Eskisehir Osmangazi University, Faculty Of Engineering And Architecture, Chemistry
Engineering
eakca@pilenpak.com

Expert ALPEREN KONUK
Dokuz Eyliil University, Science, Chemistry
akonuk@pilenpak.com

Expert OMER LUTFI YILDIRIM
Istanbul Technical University, Engineering Faculty, Metallurgical And Materials Engineering
oyildirim@pilenpak.com

Expert BEYZA EFE CIGDEM
Ege University, Engineering Faculty, Bioengineering
bcigdem@pilenpak.com

ARZU KARA
Ege University, Science, Chemistry
akara@pilenpak.com

Abstract

The increasing demand for plastic packaging has led to an increase in the amount of plastic waste. Since
most of the plastics that make our daily lives easier and are easily accessible are designed to be thrown
away after a single use, plastic packaging accounts for a large part of the world's plastic waste. Recycling
plays a key role in minimizing these negative impacts caused by the plastics that make our lives so
convenient and widely used. Through this process, plastics can be recycled or reprocessed as a secondary
material. Although recycling does not prevent the final disposal of plastics, it helps to postpone it for a
while. Mechanical recycling, one of the recycling methods, is a material recovery method that is applied
without disrupting the molecular structure of polymers. In this method, which is preferred due to its low
cost and reliability, thermoplastics are broken, remelted and shaped. The Recotrim plastic recycling
device used in this study was integrated into the extrusion line and a system was established, so that the
mechanical recycling method was used in the process. Reusable granules were obtained by providing
optimum conditions. In order to examine the quality of the polyethylene films produced using these
granules, DSC, FTIR, microscopic analysis of polyetilen film and sealing strenght analysis were carried
out together with mechanical tests. As a result of the analysis, the same quality food packaging film was
produced using 10-12% recycled granules. As a result, this study proved the effectiveness and reliability
of mechanical recycling for the treatment of in-house waste used in polyethylene films. The use of
recycled content in the produced films provides many significant economic and environmental
advantages, such as reduced energy and resource consumption.

Keywords: Recycling, Plastic, Polyethylene, In-house, Flexible Packaging
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Abstract

An Organic Rankine Cycle (ORC) is a closed-loop thermodynamic cycle. It is similar to the traditional
Rankine cycle, except that ORC uses an organic fluid with a boiling temperature typically lower than
water at atmospheric pressure (<100 °C). An Air-Cooled Condenser (ACC) is a part of an ORC used
for condensation through heat rejection. However, an ACC is very prone to changes in ambient
temperatures. In countries like Tiirkiye, the ORC performance and efficiency vary from season to season
due to changes in the performance of the ACC. In the summer, the condenser's performance degrades
when the ambient temperature reaches 40 °C or slightly more in some regions. Therefore, the overall
cycle efficiency of the ORC also degrades. The study used the Computational Fluid Dynamics (CFD)
method to analyse the ACC rejection capacity by acquiring the temperature drop of organic fluid at
different air velocities at various ambient temperatures. The temperature drop was used to acquire the
heat rejection capacity of the ACC, which is important in determining cycle efficiency. The results
showed that for an increase in air velocity from 1 m/s to 8 m/s at ambient temperatures of 40, 35, and
30 °C and an organic fluid flow velocity of 0.3 m/s, the average percentage increase in heat rejection
capacities was 2.67%, 2.39%, and 3.11%, respectively. For an organic fluid velocity of 0.5 m/s, the
average percentage increase in heat rejection capacities was 4.73%, 5.02%, and 5.65%, respectively.
This implies that an increase in air velocity increases the heat rejection capacity of the ACC. An increase
in heat rejection capacity leads to the enhancement of effective condensation of the organic fluid,
eventually leading to an enhanced ORC cycle efficiency. However, the increment happens at a certain
limit of air velocities; the heat rejection capacity will remain constant beyond that limit. It was also
found that the alternative method of enhancing the ACC performance is to lower the flow rate of the
organic fluid. However, this will result in lower output power, eventually leading to lower overall
efficiency for the ORC.

Keywords: Air-cooled Condenser, Organic Rankine Cycle, Computational Fluid Dynamics, Air Flow
Velocity, Heat Rejection Capacity, Cycle Efficiency
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Abstract

Natural gas is a colorless, odorless and flammable gas mixture consisting of various hydrocarbons,
formed as a result of the chemical decomposition of organic substances in the lower layers of the earth
that has been going on for millions of years. After World War Il and especially after the 1973 Qil Crisis,
the use of natural gas became more widespread with the strengthening of natural gas distribution
networks all over the world. Due to the gradual growth of today's industrial sectors and the fact that
natural gas is environmentally friendly, safe and economical, the need for natural gas distribution lines
is increasing day by day. Electric arc welding is most preferred when combining natural gas pipes
together. Inthis study, it was investigated what kind of damage and errors may cause when the electrodes
are not clean and dry in natural gas pipe welding under field conditions. Moreover, when pipes welding
with cellulosic and basic electrodes, it was also investigated what kind of effects may occur on the weld
seam when current values below and above the required current value. When welding with cellulosic
electrodes, 40A, 70A and 85A current values were used, and when welding with basic electrodes, 65A,
75A and 85A current values were used. Natural gas pipes were welded by 12 different experimental
conditions, and double-wall single-image films of the weld seams were taken with the X-ray device in
3 repetitions. Weld seams on a total of 36 films were examined and interpreted. As a result of the
inspections, no welding errors were observed in pipe welding with the clean cellulosic electrode (S-
70A-T) using 70A current, while the most welding errors were seen in pipe welding with the dirty basic
electrode (B-65A-K) at low amperage.

Keywords: Electric Arc Welding, Coated Electrodes, Non-destructive Testing Methods, Radiographic
Inspection, Natural Gas Pipes
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Abstract

In recent years, research aimed at enhancing the corrosion resistance of casting materials in the
automotive industry has been rapidly increasing. However, high-cost and labor-intensive processes
associated with high-micron powder coating present a challenging barrier. On the other hand, standalone
zinc-lamellar, phosphate, zinc, or cathodic electrodeposition (kataforez) coating methods provide
limited corrosion resistance. Particularly, cathodic electrodeposition coatings are preferred due to their
affordability and suitability for complex components in the automotive sector. Additionally, zinc
coatings not only improve the mechanical properties of structural and general engineering materials but
also protect against corrosion, albeit with limitations due to their high dissolution rate in certain
applications. The aim of this study is to produce low-micron, high-corrosion-resistant cast parts by
applying economical zinc-cathodic electrodeposition duplex coating on two commonly used casting
materials in the automotive industry, GGG-40 and GG-15. In this scope, initially, zinc coating of 12-15
pum thickness is applied in an acidic environment, followed by a cathodic electrodeposition coating of
20-25 pm thickness. Characterization of the cast parts involved conducting ink, hogabom, shock, pull-
off adhesion, water resistance, salt spray, stone impact, cyclic corrosion, and SCAB corrosion
performance tests before, during, and after the trial. Furthermore, the thickness of zinc coating is
measured using X-ray diffraction, and the phosphate crystal appearance is examined using scanning
electron microscopy. The results of the ink test indicated the suitability of cast parts subjected to a 20-
minute oil removal process. The hogabom test demonstrated successful adhesion of a copper layer to all
samples subjected to a 10-minute sandblasting process. All samples treated with ultrasonic oil removal
passed the shock test. Measurements using X-ray diffraction revealed zinc coating thicknesses of 12.73
um and 14.13 um in acidic environments. Examination with scanning electron microscopy showed
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appropriate and homogeneous distribution of phosphate crystals. Pull-off adhesion testing determined
that materials had tensile strengths ranging from 417 to 474 psi. After 500 hours of salt spray testing, no
surface defects or more than 5% red rust formation was observed. Cyclic corrosion testing did not reveal
any surface defects or loss of adhesion. Stone impact testing indicated surface resistance to be suitable
with a rating of 7B. SCAB corrosion testing confirmed appropriate corrosion size measurements after
500 hours. Coating cast parts with zinc followed by cathodic electrodeposition resulted in higher
corrosion performance compared to single-coat applications. These findings confirm that high corrosion
resistance can be achieved at a low cost.

Keywords: Casting Materials, Corrosion Performance, Acidic-zinc Coating, Cataphoresis Coating
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Abstract

Small bore connections in industrial applications are prone to fatigue failure due to exposure to random
vibration. This study focuses on investigating the fatigue behavior of different welded joint designs in
small-bore connection under random vibration loading conditions. The purpose of this study is to assist
in the development of optimized welding strategies to increase fatigue resistance by providing
information on the effectiveness of various welded joint designs in small-bore connection under random
vibration. Experimental tests were carried out by subjecting the samples to random vibration loading
representative of operating conditions. Butt joint and fillet weld configurations were examined to
evaluate their performance in terms of fatigue resistance. Fatigue life, crack initiation and propagation
behavior of welded joints were monitored and analyzed. Additionally, microstructural analyzes were
performed to evaluate the impact of different joint designs on the microstructure of the material and its
relationship to fatigue performance. The results of this study contribute to the design and maintenance
of small bore connections, reducing the risk of fatigue failure and associated operational downtime.

Keywords: Metallurgy, Fatigue, Weld, Small-bore Connections, Vibration, Crack Initiation
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Abstract

This work focuses on the prediction of cryptocurrency prices using ARIMA and Artificial Neural
Networks (ANN) models. The rapid development and expansion of the cryptocurrency market have
made the prediction of these digital assets' price movements a significant research topic. This study
compares the effectiveness of ARIMA and ANN models on cryptocurrency price predictions. Initially,
the research provides information on the history of cryptocurrencies, their impact on the economy, and
the fundamental cryptocurrency units. Subsequently, it delves into the basics of time series analysis and
the theoretical frameworks of ARIMA and ANN models. In the application part of the study, the results
of predictions made using ARIMA and ANN models on selected cryptocurrencies are compared. These
predictions offer important findings for a better understanding of price movements in the cryptocurrency
market and making effective investment decisions in this field. In conclusion, this thesis reveals the
applicability of ARIMA and ANN models in cryptocurrency price predictions and the differences in
effectiveness between these models. While proposing suggestions on the future of the cryptocurrency
market and potential strategies for investors, it also aims to open new avenues for research in this area.

Keywords: Cryptocurrency Price Prediction, Arima Model, Artificial Neural Networks, Time Series
Analysis, Cryptocurrency Market
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Abstract

This study aims to demonstrate the effectiveness of solutions obtained using the Variational Iteration
Method for nonlinear fractional differential equations. The search for reliable and efficient methods for
solving nonlinear fractional differential equations, which are of particular interest in engineering and
physics, continues to grow. The study initially defines special functions utilized in the solutions of
nonlinear fractional differential equations. Definitions of Riemann-Liouville and Caputo derivative
operators are examined. The study addresses nonlinear fractional differential equations with initial
conditions in its application examples. For the solutions of these equations, the more useful definition
of the Caputo derivative operator is employed. In order to demonstrate the effectiveness of the method,
analytical solutions obtained for the second-order derivatives of nonlinear fractional differential
equations are compared with approximate solutions obtained using the Variational Iteration Method for
derivatives of 1.25, 1.50, 1.75, and 2. The approximate solutions obtained with the method yield results
largely similar to the exact solutions. As a result, the applicability of the Variational Iteration Method
for obtaining solutions to nonlinear fractional differential equations with initial values is demonstrated.

Keywords: Variational Iteration Method, Riemann-liouville, Caputo
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Abstract

The depletion of global petrochemical resources, coupled with the environmental challenges arising
from the extensive use of traditional plastics, has led to greater interest in the research of environmentally
friendly biodegradable materials that can be used in various applications. The weak water barrier
properties of collagen hydrolysate obtained from leather industry trimming waste seriously limit its
practical application areas. In this study, collagen hydrolysate/sodium alginate-based films were
produced using the solution casting method because they are non-toxic and biocompatible. The collagen
hydrolysate/sodium alginate composition with the best water barrier property was determined to be the
CH40/SA60 formulation, and films with this formulation were cross-linked with genipin. Cross-linking
significantly increases the hydrophobicity of the films, thereby reducing their water vapor permeability
and water solubility. The results indicate that biodegradable films serve as a promising foundation for
the development of packaging materials.

Keywords: Collagen Hydrolysate, Alginate, Waste, Genipin, Cross-linker
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Abstract

The tri-cationic phosphate coating (zinc, nickel, manganese) process is a standard pre-treatment method
for protecting steel surfaces against corrosion and for subsequent coatings such as cataphoresis paint.
However, manganese, which dissolves slower than zinc, reduces the process speed at an industrial scale,
making it unsuitable for mass production. This study investigated the effect of various accelerator
concentrations on increasing the process speed of industrial-scale phosphate coating. It was observed
that coatings obtained at low concentrations were not homogeneous and contained voids. This condition
could potentially reduce corrosion resistance and decrease the adhesion strength of subsequent coatings.
However, it was determined that coatings obtained at the optimum accelerator concentration were more
homogeneous and adhered better to the steel substrate, thus exhibiting more excellent resistance against
corrosion. Additionally, an increase in coating weight was observed at the optimum concentration,
positively affecting corrosion resistance. Although other factors such as corrosion tests and adhesion
strength, were not examined, the microstructure and coating weight results are essential for optimizing
the phosphate process and effectively protecting metal surfaces. This study contributes significantly to
developing industrial phosphate processes and the longevity of metal components.

Keywords: Phosphating, Accelerator, Phosphate Crystal, Sem
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Abstract

In this study, the properties of phosphate coating applied to the surface of a metal substrate were
investigated. Phosphate coatings consist of thin crystalline layers formed by different processing
processes, such as zinc, iron and manganese. These layers form a porous and rough surface, making
them suitable for various applications. While they are generally applied to materials such as carbon steel,
low-alloy steel, and cast iron, some difficulties may be encountered in high-alloy materials. Zinc
phosphate coatings are ideal for improving corrosion resistance and subsequent painting processes.
Manganese phosphate coatings are particularly popular in certain applications, providing wear
resistance and oil retention properties. However, the risk of corrosion may increase if phosphate coatings
are damaged because these coatings are not self-healing. This study will investigate the effect of
different acid concentrations on coating properties, focusing on the zinc phosphating process. The results
of this study can make an important contribution to optimise phosphate coatings and better protect steel
surfaces.

Keywords: Phosphating, Total Acid, Phosphate Crystal, Sem
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Abstract

Phthalocyanines are synthetic blue-green substances that exhibit strong chemical and physical stability.
With its characteristic features, easy substitution, and the features that the central atom adds to the
structure, this macroring can be diversified and gain properties according to the desired field [1]. Within
the scope of this study, groups with various properties such as phthalocyanine, fluorine and carboxyl
were combined on the same molecule. It is planned to introduce new compounds to the literature and to
synthesize and characterize new compounds that are candidates for use in biological applications and
appeal to different areas of use [2-6]. In this work, the preparation and characterization of a new series
of metallo-phthalocyanines bearing thiocarboxylate units that were obtained via selective replacement
of the para-fluorine atoms of the peripherally pentafluoro-benzyloxy-substituted metallo-
phthalocyanines with thiocarboxylic acids are described.

Keywords: Phthalocyanine, Carboxylic Acid, Biological Properties
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Abstract

Shape memory polymers are an important type of stimuli-responsive smart polymers that can change
their shapes with an external stimulus. thermo-responsive shape memory polymers use heat to facilitate
the transformation between temporary and permanent shapes, and they are the most common type
among shape memory polymers. Thermo-responsive shape memory polymer materials can be produced
as polymer blends utilizing an elastomer for recovering the permanent shape and a switching polymer
for preserving the temporary shape. In this study, polymer blends with different compositions, consisting
of an elastomer phase of ester-based thermoplastic polyurethane (TPU) and a switch phase of poly(butyl-
co-isobutyl methacrylate) (PBMA-co-PiBMA), were prepared via melt blending method. In blends with
TPU/PBMA-co-PiBMA ratios of 90/10, 80/20 and 70/30 by weight, it was observed that PBMA-co-
PiBMA phase was dispersed as droplets within the continuous TPU phase, while in 60/40 and 50/50
blends, co-continuous morphology was formed. In dynamic mechanical analysis (DMA), it was
determined that the ester block of TPU and PBMA-co-PiBMA polymer were compatible, the glass
transition temperature (Tg) of polymer blends was between the glass transition temperature of TPU soft
block and PBMA-co-PiBMA polymer, and the glass transition temperature increased in direct
proportion to the amount of PBMA-co-PiBMA. Thermo-responsive shape memory analyzes showed
that both shape fixing (Rf) and shape recovery (Rr) ratios increased as the amount of PBMA-co-PiBMA
increased, and Rf and Rr values above 98% were obtained for the 50/50 blend. Cyclic shape memory
analysis revealed an enhancement in Rf and Rr values due to training effect for the 50/50 blend. In
thermogrammetric analysis (TGA), it was seen that in the presence of PBMA-co-PiBMA, the onset
degradation temperature of TPU decreased, however the maximum degradation temperature and
maximum degradation rate of the ester block of TPU improved.

Keywords: Shape Memory Polymer, Polymer Blend, Tpu, Acrylic Polymer
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Abstract

This study examines the bond-slip behavior between carbon fiber reinforced polymer (CFRP) sheets
and lightweight geopolymer concrete (LWGC) specimens after exposure to several increased
temperatures (20°C, 200°C, 400°C, and 600°C). 32 lightweight geopolymer specimens were subjected
to double-shear tension testing in order to evaluate the influence of different widths and lengths of CFRP
bonding. The specimens were molded and adhered to sheets of CFRP. The color appearance, mass loss,
density, compressive strength, splitting strength, failure mode, the behavior of bond force-slip curves,
the ultimate bond force and slip, the influence of temperature on the behavior of bond force-slip,
stiffness, toughness, and microstructural analysis were examined before and after exposure to elevated
temperatures. It was found that the average residual strengths (compressive and splitting) were 80%,
44%, and 25%, respectively, when the LWGC specimens were heated to 200 °C, 400 °C, and 600 °C.
The impact of temperature on bond-slip behavior is minimal at low temperatures, specifically up to
200°C. Under these conditions, there is only a slight 5% decrease in the ultimate bond force and the
corresponding slippage. However, when subjected to temperatures as high as 400°C, there is a
significant reduction in both the ultimate bond force and the associated slippage, reaching up to 32%
and 24%, respectively. The ultimate bond force and associated slippage experience a substantial decline
when exposed to even higher temperatures, such as up to 600°C, with reductions of 48% and 41%,
respectively.

Keywords: Lightweight Geopolymer Concrete (lwgcs), Carbon Fiber Reinforced Polymer (Cfrp)
Sheet, Bond-slip Behavior, Elevated Temperatures
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Abstract

Noise reduction aims to reduce or eliminate unwanted distortions in images. An effective noise reduction
process preserves the details and features in the image while minimizing unwanted pixel changes. In
this study, we worked on real-world images of plant leaves. Noise removal is carried out using a
nonlinear filter designed with artificial neural networks, based on a regression problem. The neural
network consists of a 9-unit input layer, followed by hidden layers of 64 and 128 units respectively, and
an output layer with 1 neuron. Four different types of artificial noise, including Gaussian, Poisson, salt
& pepper, and speckle, are added to the images. The artificial neural network model is trained using 10
pairs of original-its noisy counterpart leaf images, and the performance of the model is tested on 5 noisy
leaf images that the model had never seen before. This process is carried out separately for each type of
noise. We utilized a simultaneous sliding 3x3 window technique on both original and its noisy
counterpart images for generating our training data. The input data for the training set is formed by
sliding a 3x3 window over the noisy image and capturing the pixel values within this window at each
step. The output data to be predicted (class label) is generated by sliding the same 3x3 window over the
original, noise-free image, and using the pixel value at the center of this window as the target value. The
noise removal performance in the images is compared according to the Peak Signal to Noise Ratio
(PSNR), Structural Similarity Index (SSIM), and Edge Preservation Index (EPI) metrics. The results
demonstrated that the model successfully removes all types of noise, with its effectiveness varying by
noise type. The ranking from best to worst is as follows: salt & pepper, Poisson, speckle and Gaussian.

Keywords: Noise Removal, Image Denoising, Nonlineer Filter, Artificial Neural Network
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Abstract

This paper addresses the effective reduction of speckle noise inherent in Synthetic Aperture Radar
(SAR) images and their subsequent fusion with optical images. Speckle noise in SAR images can
degrade the image quality and lead to information loss during the fusion process with optical images. In
order to solve this problem, the intensity values of SAR images are first determined by histogram
analysis. The intensity values were used to determine the lambda value, which is the parameter of the
Sparsity-Driven Despeckling (SSD) noise removal algorithm. By adjusting the lambda value uniquely
for each image, the noise was reduced to an acceptable level. After the noise reduction process was
completed, the noise-free SAR images were fused with the optical images. The fusion process was
performed using different algorithms available in the literature: For each fusion method, qualitative
evaluations of the images were performed. The results show that image-specific optimization of the
lambda value significantly improves the noise reduction performance, which is reflected positively in
the fusion results. The proposed method provides an effective pre-processing step for SAR and optical
image fusion and improves the image processing quality in different application areas.

Keywords: Synthetic Aperture Radar, Optical Image, Image Fusion, Noise Reduction, Histogram

25



\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

AN EXAMINATION OF AUTOSOMAL STR LOCI IN THE AEGEAN REGION
POPULATION

CANSEV BAZ
Ege University, Institute Of Science And Science, Biotechnology
cansev006@hotmail.com

Abstract

The Aegean Region is the third most populous region of Turkey. Similar studies have been conducted
previously in Turkey regarding STR loci, which include 21 STR regions, but there hasn't been a similar
study focusing solely on the Aegean Region. A study group was formed by considering the population
densities of the provinces in the Aegean Region in order to determine the allele frequencies of the
Aegean Region population. A study was conducted on samples to determine the allele frequencies of
the regional population. It is believed that the frequencies obtained from this study will contribute to
determining similarities and differences in accordance with genetic evaluation criteria in other regional
and international studies. Additionally, the allele distribution frequencies of the determined genotypes
will be an important data source in forensic science studies for the power of distinguishing individuals.
In conclusion, DNA samples from 160 individuals were examined in this study, and allele frequencies
for 21 STR loci were obtained. These data were compared with previous national and international
studies. Significant differences were observed in some STR regions.

Keywords: Autosomal Str Analysis, Globalfiler, Allele Frequency
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Abstract

Reducing dependence on fossil fuels due to resource limitations is crucial. This study uses Building
Information Modeling (BIM) for comprehensive analysis at both building and district scales through
various programs to lower energy demands at the district level. The research focuses on KIZILAY Street
in Istanbul's KARTAL district, examining 78 buildings based on function and age. Indicators like
population, energy consumption, cost, and greenery at the district level are analyzed. Two buildings,
representing old and new constructions, are modeled using BIM and energy modeling tools such as
Autodesk Revit, AutoCAD, Insight 360, Green Building Studio, E-Quest, PV watts Calculator, and
Microsoft Office. The first step involves creating structural and architectural BIM models in Revit and
transferring them to Insight 360 to establish energy profiles, including annual energy consumption per
square meter. Data exported from Revit’s gbXML is input into Green Building Studio for a detailed
analysis of CO2 emissions, lifecycle energy use, and costs. Strategies evaluated include passive
measures (envelope insulation, window glazing, overhangs, blinds), active measures (photovoltaic
panels, heat pumps), and operational management (HVAC system adjustments) in E-Quest models to
enhance energy efficiency. These results are applied to the entire area, incorporating the effects of
greenery and shading, to estimate pre- and post-retrofitting energy needs at the district level. The
findings predict that these measures could reduce energy consumption on KIZILAY Street by 48.62%
and decrease the district’s energy costs by 49.02%, representing a substantial improvement.

Keywords: Urban Sustainability, Building Information Modeling (Bim), District-level Energy
Efficiency, Passive Strategies, Active Strategies, Operational Management
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Abstract

In our study, we obtained silver nanoparticles from the endemic plant Helichrysum Chionophilum and
examined their antimicrobial activities on 3 gram positive and 3 gram negative bacteria. The endemic
plant Helichrysum Chionophilum, which belongs to the Asteraceae family and grows in the Eastern
Mediterranean region, that we used in our study, is known as plateau hencecali. Another name among
the public is the immortal flower. It is located on the rocks and slopes of the foothills, and its flowering
time occurs in April-May. All of its flowers are hermaphroditic. Nanotechnology studies the
characterization of particles 1-100 nm in size. Silver is a white and shiny metallic element with the
chemical symbol Ag, which means "argentum", and is ranked 47th in the periodic table. There are many
methods for synthesizing silver nanoparticles. An alternative and feasible biological method to
synthesize silver nanoparticles is to use plants. Since particle size and diversity are an important factor
for biomedical applications, using biological methods to synthesize Ag nanoparticles is an
environmentally friendly alternative. Different antibiotic sensitivity tests are performed to determine the
sensitivity of microorganisms to antimicrobials. The tests were carried out in triplicate using 0.5
McFarland turbidity bacterial suspension, 3 different thicknesses (4, 6, 8 mm) of Mueller Hinton agar
medium and 3 different diameter wells (4, 6, 8 mm). An agar borer (corkborer) was used to create holes
of the desired diameter in the agar, and each time it was dipped in alcohol and then sterilized by burning
it over fire. Wells of the desired size were opened with a sterilized agar drill. The suspension method
was used to prepare the bacterial solution. For this purpose, 0.5 McFarland bacterial solution was
prepared from the overnight culture and swabbing was done on agar petri dishes. As a result, no zone
diameter was formed. No antimicrobial effect was detected in the silver nanoparticle of the Helichrysum
Chionophilum plant.

Keywords: Silver Nanoparticle, Helichrysum Chionophilum, Antimicrobial
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Abstract

The agricultural sector is crucial due to its role in food production, employment, growth, and GDP
contribution, as well as its provision of raw materials and export potential. Recent years have seen
significant price increases in agricultural and food products globally and domestically. Changes in
producer prices, the initial link in the farm-to-fork value chain, heavily influence consumer prices,
affected by various factors like production, costs, international prices, trade, and climate, which impacts
production guantity and yield. This study aims to estimate producer prices of key agricultural products
in Turkey using machine learning algorithms, comparing their performance. In similar studies, Zan
(2021) conducted research on predicting soil radon gas values using machine learning algorithms with
meteorological parameters. Akekmekg¢i (2022) compared the predictive performances of machine
learning algorithms regarding exchange rates. Prashantha, Shravan, Bharath, Bharghavachar, and Shilpa
(2020) estimated agricultural commodity prices utilizing machine learning methods. Additionally,
Saputra et al. (2023) conducted studies on predicting red onion prices using the XGBoost algorithm.
Sixteen strategic agricultural products' producer prices from 2003-2022 were predicted using Six
machine learning algorithms. To ensure comparability, explanatory variables were reduced through
feature selection, including common significant variables in all products. Performance comparison
utilized Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and Coefficient of
Determination (R2), with XGBoost algorithm generally outperforming others. Regarding the products,
it was observed that the producer price of wheat was predicted more successfully by most algorithms
compared to other products.

Keywords: Strategic Agricultural Products, Random Forest, Support Vector Machine, Gradient
Boosting Machine, Xgboost, Extreme Gradient Boosting, Decision Tree, Regression
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Abstract

Today, electricity is used in every aspect of life. Batteries are needed to use electricity in vehicles and
devices that can be used without being positioned in a fixed place, such as cars with internal combustion
engines, hybrid and electric cars, mobile phones, laptops, etc. The usage time of devices that can be
powered by batteries can be calculated with the help of data provided by the state of charge of the
battery. In particular, accurately estimating the charge status of electric vehicles batteries is of great
importance in calculating the range the vehicle can travel. Different methods are use to calculate the
state of charge of batteries. Some of the methods used to estimate battery charge status were developed
for the purpose of estimating systems other than batteries, and later began to be used to estimate the
state of charge of batteries. In this study, battery state of charge estimation methods were examined,
these methods were compared among themselves and the obtained results were explained.

Keywords: Electricity, Battery, Battery State Of Charge, State Of Charge Estimation Methods
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Abstract

Medical images play a critical role in modern healthcare services. These images are utilized in various
stages ranging from disease diagnosis to treatment. With the advancements in imaging technologies, the
analysis and processing of these images have gained significant importance, especially in processes like
computer-aided diagnosis and treatment planning. In this context, it is vital to accurately define specific
areas in medical images, particularly the Region of Interest (ROI) and the Region of Non-Interest
(RONI). While ROI often refers to a specific area of focus such as the localization of a disease or a
particular treatment region, RONI encompasses other areas outside of ROI. Accurate delineation of
these areas is essential for accurate diagnosis and treatment planning. This is where edge detection
algorithms come into play. Edge detection is a process aimed at identifying the boundaries or transitions
of objects in images. These algorithms determine edges by utilizing contrast changes between pixels in
the image. These edges play a significant role in defining specific areas like ROI and RONI. In our
study, we examined the capabilities of different edge detection algorithms in detecting RONI regions in
medical images. Using these algorithms, pixels in RONI regions of various medical images were
identified. Subsequently, data hiding using the Least Significant Bit (LSB) method was applied to these
regions to ensure data security. The analysis revealed varying levels of success among different edge
detection algorithms in detecting RONI regions. Additionally, it was observed that there were no
distortions in the images during the data hiding process, indicating that data security could be ensured.
This study highlights potential methods that can be utilized in the analysis of medical images and
ensuring data security.

Keywords: Medical Images, Region Of Interest, Region Outside Interest, Edge Detection Algorithms,
Lsb
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Abstract

The STEM education approach, which aims to teach the branches of Science, Technology, Mathematics
and Engineering in an integrated structure, has been seen as an area where the interest of developed and
developing countries has focused recently. In parallel, there has been an increase in the number of
academic studies on STEM education in the national and international arena. In this context, the aim of
this study is to analyze the research findings, research methods and theoretical and analytical
frameworks of the dissertations on teachers and teachers candidates on STEM education in Turkey using
the meta-synthesis method. Accordingly, 20 theses written so far and accessible at the YOK National
Thesis Center were included in the scope of examination. As a result of the findings obtained, it has
been seen that the first thesis study in the STEM field was conducted in 2017, and showed a certain
increase between 2017 and 2021, but since 2021, there has been a Decrement in the number of studies
conducted. In addition, as a result of the study, it was found that all of the theses were master's theses,
teacher candidates were more selected as a sample group in the theses and the awareness and attitude
scale was used more than data collection methods.

Keywords: Stem Education, Teacher, Teacher Candidates, Meta-Synthesis
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Abstract

Most insects belonging to the order Lepidoptera, such as Galleria mellonella L. (Lepidoptera: Pyralidae),
cause significant economic losses by damaging agricultural areas. These insect species causes
significant economic losses, especially in the larval stage. This insect feeds on products in the hive and
causes various damage in apiculture. The greater wax moth is a pest that has a short life cycle and can
be easily grown on artificial diet in the laboratory conditions. For this reason, it is an important model
organism that is frequently preferred in scientific studies. In order to control this economically important
pest, many scientific studies have been carried out on this insect in recent years using some methods
(such as physical, chemical and biological). This insect provides a large advantage for biological
research as it is easy to isolate hemolymph, fat body and midgut, especially from the larval stage. In
addition, the larvae and pupae of this insect are used as pseudo-hosts to propagation parasitoid insects
for biological control under laboratory conditions. We explore that the effects of some clinically
important drugs such as antibacterial, antifungal, antiviral and anthelmintics on insects by using G.
mellonella as model organism to ascertain them as alternative chemical insecticides which has no
impacts on environment and non-target organisms.

Keywords: Galleria Mellonella, Model Organism, Insect Rearing, Insecticide

33



\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

PREVENTING BEE-EATER ATTACKS IN BEEKEEPING FACILITIES
EMBEDDED SYSTEM DESIGN

Assoc. Prof. Dr. ADNAN SONDAS
Kocaeli University, Faculty Of Technology, Information Systems Engineering
asondas@kocaeli.edu.tr

Assist. Prof. Dr. FARUK AKTAS
Kocaeli University, Faculty Of Technology, Biomedical Engineering
faruk.aktas@kocaeli.edu.tr

Abstract

Beekeeping businesses, which are very important in food and the country's economy, have to struggle
with some problems. The bee-eaters (Merops apiaster L.), which can destroy bee colonies they attack,
are among the most important of these problems. It is a necessity for businesses to overcome this
problem without harming the environment, especially bee-eaters. This study proposes an embedded
system developed to protect bee colonies from bee-eaters. In the memory of the proposed system, 10
different sound recordings will make bee-eaters move away from the combs. New sound files can be
easily included in the system. When the system is switched on, the record chosen randomly among these
sound records is played at a random time. Therefore, bee-eaters are afraid and leave the area. By making
random time and sound determinations in the system, it is aimed to prevent the birds from getting used
to the system. The aim is to prevent the birds from adapting to the system by randomly selecting time
and sound in the system. The proposed system is powered by a 12 volt battery and the continuity of this
energy source is ensured with the support of solar panels.

Keywords: Sonic Repellents, Embedded System, Beekeeping Facilities
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Abstract

Drosophila melanogaster belongs to the family Drosophilidae of the order Diptera (Diptera) in the class
Insecta (insects) of the animal kingdom. This insect, which means "moisture-loving" in Latin, is also
popularly called "fruit fly" because it feeds and reproduces on ripe and rotting fruits in nature. The first
experimental species of D. melanogaster was described by Johann Wilhelm Meigen in 1933. Charles
William Woodworth discovered that it was easy to culture and had a short life cycle in this insect. Thus,
this insect was grown and propagated in laboratory conditions for the first time. D. melanogaster is an
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important model organism because its genetic structure is well known, it has a high adult yield and short
life cycle, and can be cultured in laboratory conditions in all seasons. Due to these characteristics, D.
melanogaster is used as a powerful model organism in determining the molecular mechanisms of
diseases that significantly affect human health such as cancer, diabetes, and obesity, and in drug
discovery. In addition to being a model organism frequently used in medicine and genetic studies, D.
melanogaster is also a frequently preferred species in the control of target organisms in agriculture and
in the research and development of ecologically friendly insecticides.

Keywords: Drosophila Melanogaster, Model Organism, Drug Discovery
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Abstract

In today's world, the goals that countries have set, such as achieving sustainable economic growth and
development, having the power to compete internationally, and having a leading role in science and
technology, are directly related to the development of the understanding of STEM education. It is an
undeniable fact that the most important role in achieving this depends on the developments in the field
of education and therefore on teachers having positive views about STEM education. In this context, the
aim of the study is to determine the thoughts and perceptions of science teachers about STEM education.
In this context, the study was carried out with phenomenology design, one of the qualitative research
methods. The sample of the study consists of 17 Science Teachers working in the Central District of
Usak Province. The research data were obtained using semi-structured interview technique. The research
data were obtained using semi-structured interview technique. According to the findings obtained, it
was concluded that Science Teachers conceptually know STEM and have a positive opinion about
STEM education, but their field knowledge about STEM is insufficient when asked to define it as
content.

Keywords: Stem Perception, Science Teachers, Teacher’s Views, Phenomenology Design
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Abstract

Today, the use of phosphate coating in surface treatment processes continues rapidly. However, its use
in various sectors, including the automotive industry, will be completely phased out by the regulations
in the future due to the carcinogenic substances it contains. Additionally, phosphate coating processes
generate phosphate sludge, which requires the bath to be kept under constant control and cleaned
regularly. As a result, this situation causes high energy and time loss, and all these factors necessitate
an alternative to phosphate coating. In this study, instead of phosphate pre-treatment to improve the
adhesion and corrosion resistance of cataphoresis coating, which is widely used especially in the
automotive industry, a nano pre-treatment was applied using OXILAN AL 0510 chemical. In
experimental studies, AA7075 aluminium alloy, which is increasingly utilized in the automotive
industry and especially in electric vehicles, was used as a substrate due to its lightness and superior
properties. Cataphoresis-coated specimens were prepared after OXILAN AL 0510 or two different
periods of phosphate pre-treatments, and the coated samples were analysed with cyclic corrosion
resistance (according to 47-01-000/E specification) and dry adhesion (according to DIN EN 1SO 2409
specification) tests. Cyclic corrosion resistance and dry adhesion tests were evaluated by visual
inspection of the results.

Keywords: Aluminium, Cataphoresis, Nano Pre-treatment, Corrosion
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Abstract

Pimecrolimus is a prominent topical immunomodulatory macrolide derivative that functions as a
calcineurin inhibitor, thereby targeting the immune system and modulating inflammatory processes.
Widely used in the treatment of inflammatory skin diseases, pimecrolimus effectively alleviates
symptoms of atopic dermatitis by suppressing immune-mediated responses in the skin. Additionally,
pimecrolimus has shown promise as a potential protective agent against neurodegenerative diseases
associated with microglia-mediated pathways and oxidative stress. This study aimed to investigate the
neuroprotective effect of pimecrolimus against hydrogen peroxide (H202)-induced oxidative stress in
neuron-like differentiated SH-SY5Y cells (d-SH-SY5Y) by activating antioxidant enzymes such as
human Cu-Zn superoxide dismutase (SOD1), catalase (CAT), and human glutathione peroxidase 1
(GPx1). Cell viability was assessed by MTT analysis following exposure to H202 and/or pimecrolimus.
ELISA analyses were conducted to determine antioxidant enzyme activities. Following a 24-hour
exposure to 250 uM H202 in d-SH-SY5Y cells, a statistically significant decrease in antioxidant enzyme
activities was observed compared to the control group. However, the addition of H202 in the presence
of pimecrolimus at various concentrations resulted in an increase in the activities of these enzymes
compared to cells treated with H202 alone. In conclusion, pimecrolimus demonstrates a neuroprotective
effect against H202-induced oxidative stress by activating antioxidant enzymes.

Keywords: Pimecrolimus, Hydrogen Peroxide, Oxidative Stress, Antioxidant Enzymes, Neuron Like
Differentiated Sh-syby
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Abstract

Today, the use of rolled sheet metal materials in the automotive industry is quite common. These sheets
are subjected to many processes such as cutting, bending and drawing. However, in order for these
processes to be realized, first of all, the coil sheet metal must be cut to form the desired dimensions. The
unusable part of the coil sheet metal that remains after the process is called "scrap”. During the pressing
of the coil sheet metal, the sheet metal is required to be placed in the press mold in the desired dimensions
and position. In the cutting process of the coil sheet metal, the amount of scrap caused by the cutting
geometry is of great importance, because less scrap indicates that the cutting process is performed
efficiently. In this study, the efficiency of coil sheet metal cutting process was investigated. The
optimization of the coil sheet metal cutting geometry designed with the help of CAD (Computer Aided
Design) program was carried out in a virtual environment with CAE (Computer Aided Engineering)
programs and compared with the cutting method used in the enterprise. As a result of the study, it was
concluded that it is appropriate to perform the cutting process at 60° and in the infill pattern cutting
geometry, where the least amount of scrap is released. This research provides important information to
improve the efficiency of sheet metal coil cutting. Performing cutting operations with less scrap can
save costs and reduce environmental impacts in the industry.

Keywords: Rolled Sheet Metal, Sheet Metal Cutting, Shear Analysis
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Abstract

There are many methods used for the part joining process in the manufacturing industry. Among these
methods, welding is the most widely used one. Products with more than one component are assembled
by welding. Welding increases the durability and reliability of products by creating strong and durable
connections between the joined parts. At the same time, welding simplifies the assembly process by
reducing the number of parts and increases production efficiency. For these reasons, choosing the right
welding method and applying it correctly is of great importance in industrial production processes. The
MIG/MAG gas metal arc welding method is more widely used than other methods due to its
mechanization, ease of welding in any position, etc. The quality control of joints made with this welding
method is characterized by high penetration, low cost and high reliability at every stage of the welding
process. Penetration refers to how deep the weld penetrates into the material and is a critical factor in
the strength and durability of the weld joint. Sealing and durability of weld points are of great
importance, especially in systems operating under high pressure or in sensitive parts. In this study, a
zigzag welding apparatus was developed to eliminate the lack of penetration in gas welding technology.
Cracks caused by lack of penetration at the welding point are prevented from preventing the part from
fulfilling its purpose. When the results were examined; it was observed that there was insufficient
melting and insufficient penetration in the visual controls of the products joined by the old welding
method. The melting and penetration tests of the products joined with the developed zigzag welding
apparatus were appropriate. In this project, it is aimed to produce higher strength products by preventing
these problems caused by lack of penetration.

Keywords: Welding Penetration, Welding, Zigzag Welding
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Abstract

In recent years, studies on the usability of new compounds in pharmacological and biological
applications have been remarkable. DNA-drug interactions have a very important place in biological
studies on the discovery of new compounds with drug potential. Bis(2-pyridylimino)isoindole (BPI)
ligands and their metal complexes are thermally stable, can be synthesized under mild conditions, and
are extremely original structures that can appeal to these application areas due to their easy modifications
[1-3]. UV-Vis absorption spectroscopy is one of the simple and widely used instrumental techniques to
study both the stability of DNA and its interactions with small molecules. Examination of molecule-
DNA interactions can be performed by UV-Vis absorption spectroscopy by monitoring changes in the
absorption properties of the molecule or DNA molecules [4]. The results obtained in the use of BPI
compounds as artificial enzymes have been promising in the development of new drugs. In this study,
it is anticipated that examining the DNA interaction properties of the BPI compound containing a
glycerol group will contribute to research in the fields of biological and pharmacological use.

Keywords: 1,3-Bis (2-pyridillino) Isoindole (Bpi), Water Solubility, Dna, Photophysical Analysis
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Abstract

The aim of this study is to determine the effect of mathematical modeling activities prepared in line with
the achievements of primary school science course on the science course achievements of primary
school 4th grade students. For this purpose, in this study, a quasi-experimental design with pre-test, post-
test and control group, which is one of the quantitative research methods, was used. The sample of the
study consists of 4 th grade students studying in a public primary school in a district of Istanbul. A total
of 50 students, 25 of whom were in the control group and 25 in the experimental group, took part in this
sample. The research lasted for a total of 5 weeks and 2 hours of mathematical modeling activities were
applied in addition to 3 hours of science lessons each week with the experimental group. The control
group, on the other hand, received only 3 hours of training per week in line with the MEB science
teaching program. Properties of Matter Academic Achievement Test (OABT) was used as a data
collection tool and the data obtained were analyzed with the SPSS program. As a result of the analyzes,
it was seen that the science lesson, which was taught using mathematical modeling activities prepared
in line with the achievements of the science course, significantly increased the science achievement of
the students. On the other hand, it was determined that the science course taught only in line with the
MEB science curriculum did not provide a significant increase in the science achievement of the control
group.
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Abstract

Various security methods have been developed against cyber attacks, which increase in direct proportion
to the increase in internet usage areas in the modern world. WAF is one of the most frequently used of
these methods. There are two methods used by WAF to prevent attacks, such as SQL Injection and XSS
attacks, which are among the types of cyber attacks listed in OWAPS. The method that evaluates
requests according to the determined rules and provides protection from possible attacks is called rule-
based, and the method that prevents similar attacks by using information from past attacks is called
signature-based. With these methods, WAF is preferred as a successful way to protect against most
attacks. However, it may be insufficient to prevent new types of attacks that do not follow any rules and
have not been experienced before. In this study, we aim to increase the effectiveness of WAF against
attacks and minimize security vulnerabilities. Within the scope of this topic, we will examine the effect
of behavioral analysis method of artificial intelligence with machine learning and artificial neural
networks algorithms. In our research, we used a custom enterprise dataset for HTTP traffic and the
NIDS-v2 dataset for behavioral analysis. In the first stage, we evaluated our data set by creating a hybrid
structure using signature-based structure, artificial neural network algorithms MLP, ANN, CNN and
machine learning algorithms Gradient Boosting Model and Decision Tree Classifier. In the second stage,
when we added behavioral analysis data to our data set and re-evaluated it with the same hybrid
structure, we observed that the success rate in detecting attacks increased. In this article, we will explain
in detail the structure we used, our evaluations and the results we obtained.

Keywords: Waf, Sgl Injection, Xss, Artificial Neural Networks, Machine Learning, Behavioral
Analysis, Hybrid Model
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Abstract

TiO2 has a wide range of usage area. Because of it's tribological properties it is also using in lubrication
industry and it has a good potential to use in different forms in different industries. Bearing control is
one of the most important performance characteristics of gear oils. Besides that additive type and
amount, base oil type, ISO VG viscosity class are also important characteristics too. In this study, we
particularly focused on bearing control and base oil types of gear oil formulations. Four different
formulation type has been studied: food grade gear oil, synthetic gear oil, traditional gear oil and ester
based gear oil. All formulations are applied respectively 0.2 %-0.5 %-1 % TiO2 nanoparticles and TiO2
microparticles. We have been reported stability, FTIR spectrum, viscosity, viscosity index, weld load
performance and wear scar diameters of different lubricant formulations. We have been investigated and
reported also particle size effect of titanium dioxide on wear performances of different types of
lubricants.

Keywords: Gear Oil, Nanoparticles, Titanium Dioxide, Tribology, Lubricant, Base Oil
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Abstract

Indoor fungi have an impact on the quality of the air. Inhalation of fungal spores by people in these
environments can lead to health problems such as upper respiratory tract infections and skin irritations.In
this study, it was aimed to determine the mycological air quality of Siileymaniye Manuscript Library,
which has a high number of visitors. Air samples were collected from the reading room and the storage
at 15 day intervals for 6 months. The Sabouraud Dextrose Agar petri dishes with streptomycin placed
in the volumetric air sampling device were incubated at 27°C for 15 days after sampling. At the end of
the incubation period, colony counts were performed and cfu/ m3 in the air were calculated. Colonies
with different macroscopic and microscopic characteristics were isolated. Additionally, relative
humidity and temperature values of indoors were measured during sampling. As a result of 6 months,
an average of 54 cfu/ m3 was detected in the reading room, and an average of 17 cfu/ m3 was detected
in the storage. Of the total 79 fungal isolates, 89% were identified as molds, and 11% as yeasts. It was
determined that 60% of the isolates had green pigments, 22% white, 6% yellow, 6% pink, 4% orange
and 2% black colors. The average humidity and temperature values of the reading room and storage
were recorded as 21.6°C, 20.7°C, 40% and 35% respectively. When the findings were compared with
the air limit values recommended by the European Commision (1993), the mycological load of library
air was found to be low. Accordingly, it was concluded that the ambient air does not pose a risk to
human health. In addition, when the humidity and temperature values of the library were compared with
the values recommended by ASHRAE Standard-55 and ISO 7730, it was determined that the humidity
was within the range suitable for human health, but the temperature was not within the desired range.
Moreover, attention to the measured air values and hygiene conditions has led to the control of fungal
growth. This work was funded by Scientific Research Projects Coordination Unit of Istanbul University
(Project number: FLO-2023-39981).

Keywords: Library, Indoor Air Quality, Fungi
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Abstract

Indoor can provide an environment where bacteria can grow in indoor air due to factors such as various
materials, humidity, temperature, and human activity. According to studies carried out at historic
structures like Siileymaniye Manuscript Library, microorganisms grown on historical objects may be
released into the air. Therefore, this project aimed to determine the bacterial load of indoor of the library.
For this purpose, the indoor air of reading and storage rooms of the library were investigated for bacterial
contamination for 6 months with 15 day intervals. In order to isolate aerobic heterotrophic bacteria
(AHB), air samples were collected using the impaction method with an air sampling device containing
Tryptic Soy Agar. Petri dishes were incubated at 37°C and colonies were counted after 24 and 48 hours.
In addition, pure cultures were obtained from colonies with different morphologies and Gram
characteristics were determined. Humidity and temperature values were recorded simultaneously.
During the whole experimental period, average AHB numbers of reading and storage rooms was 45
cfu/m 3 and 75 cfu/m 3, respectively. Of 108 isolates, 55% were Gram (+) cocci, 36% were Gram (+)
rods, and 9% were Gram (-) rods. The average temperature for the reading and storage rooms was 21.6°C
and 20.7°C, respectively, and the average humidity was 40% and 35%, respectively. The indoor air of
both rooms was determined as at low contamination level according to the parameters of the European
Commission (1993). Accordingly, indoor air does not pose a risk for human health. When the average
humidity and temperature values were compared with the parameters recommended by ASHRAE
Standard-55 and ISO 7730, humidity values were suitable for human health, but temperature values
were low. However, when evaluated in terms of bacterial contamination, measured air values and
attention to hygiene conditions were evaluated as effective factors limiting bacterial growth. This work
was funded by Scientific Research Projects Coordination Unit of Istanbul University. Project number:
FLO-2023-39980
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Abstract

TiO2 based catalysts can produce oxygen active species due to their photoenergy absorption capability.
But high band gap of TiO2 can also cause a decrease on the oxidation and reduction activities. This
handicap can be tolerated by adding metal or metaloxides on TiO2 or manupulating the lattice and by
modifying the morphology of the support. In this study boria nanotube-titania photocatalyst was
prepared by hydrothermal method. The morphology of commercial TiO2 was converted from spherical
to nanotube form with simultaneous addition of boron. The morphological properties determined by
XRD, BET and TEM. The activity of the catalyst was performed in methanol production reaction and
the conversion was found 4,16 umol/gcat.h. The calculations were performed based on FTIR data to
obtain the amount of methanol. The settling of elemental boron was also determined by XRD data which
the boron participitated in the titanium dioxide lattice.

Keywords: Boron-Titanium Dioxide, Photocatalysis, Methanol
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Abstract

Today, low-cost food waste and by-products, which still pose significant environmental and economic
problems and are commonly found, can be used as substrates for the production of valuable products
(such as biofuels, biopolymers, biosurfactants, and enzymes) through microbial processes from a
biotechnological and industrial perspective. In this study; the best liquid medium selection for protease
enzyme production with the Bacillus licheniformis SO7 strain from food waste has been optimized.
Against the selected commercial Luria Bertani (LB Broth) liquid medium and combined with LB, cell
density and activity determination were performed for 7 days for canned waste, domestic waste, and
dairy product waste. Subsequently, from the three groups, the food wastes that gave the best results from
the first day, namely domestic oily cheese whey (75 U/mL), canned pea waste (83.7 U/mL), and
domestic kidney bean waste (93.5 U/mL), were selected and the same process was repeated for various
liquid production media used in waste form alone combined with LB Broth without any chemical
addition. The domestic kidney bean waste, which showed the best activity in the shortest incubation
period, gave the best activity result (80-85 U/mL) with its increasing activity over the first 5 days. For
the selected domestic kidney bean waste, medium optimization was performed using the Response
Surface Methodology (RSM) method with the Box Behnken design (pH, temperature, duration). As a
result, the best protease activity was obtained on the 3rd day with an incubation temperature of 55°C,
pH 7.5, and 69.7 U/mL.
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Abstract

Titanium dioxide (TiO2) is preferred as the most suitable semiconductor for photocatalytic applications
due to its high oxidation potential when excited by ultraviolet (UV) light and its high efficiency. On the
other hand, methylene blue is a cationic dye commonly used in various industries including textiles,
leather, paper, and plastics. The efficiency of photocatalytic degradation is influenced by various
parameters such as the type of catalyst, catalyst concentration, pH, temperature, light intensity, and
wavelength. In this study, the degradation behavior of methylene blue under TiO2 catalysis at a surface
pH of 5.9 was investigated with varying reaction times (10-90 minutes) and catalyst concentrations
(0.125-0.75 mg/ml). The average size of anatase crystals of TiO2 synthesized via the sol-gel method
was determined to be 28.26 nm through XRD analysis. An optimum degradation time of 60 minutes
was identified. The photocatalytic activities of TiO2 samples were tested on the degradation reaction of
methylene blue. Experiments were conducted in a discontinuous reactor (CAMAG® UV Cabinet) at
room temperature. Methylene blue solution prepared from a stock solution of 3.2 ppm (10-5 molar) was
examined under UV light. The optimum catalyst concentration was determined to be 0.75 mg/ml, where
the adsorption efficiency was minimized and the degradation efficiency was maximized.

Keywords: Tio2, Methylene Blue, Photocatalytic Activity, Adsorption, Oxidation, Degradation
Efficiency
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Abstract

Machine learning and deep learning technologies are widely used in various fields today. Especially in
critical applications like security and surveillance systems, they offer more effective and innovative
solutions compared to traditional methods. These approaches can also be effectively utilized in the
development of Unmanned Aerial Vehicles (UAVs). UAVs are widely used in diverse areas ranging
from agriculture to security and search-and-rescue operations, providing significant benefits. However,
along with the advantages offered by UAV technology, concerns regarding privacy, security, and safety
complicate their usage. Developing innovative solutions for the effective detection and identification of
UAVs is a forefront research area. Therefore, the effective detection and identification of UAVs are
critically important in addressing these concerns. In the era of rapidly advancing technology where new
data can be easily generated and recorded, data sets play a crucial role in analysis and decision-making
processes. This study utilizes a data set created from radio frequency (RF) signals emitted by UAVsS.
The data set includes records of RF activities of UAVs functioning in different modes. The data
collection process was conducted during operations of UAVS belonging to various models and brands
within a specific time frame. The generated data set has been shared with developers for the development
of new methods for UAV detection and identification. In this study aiming to detect drones using radio
frequency signals, a series of models incorporating signal databases, machine learning, and deep
learning techniques have been processed. Algorithms such as KNeighborsClassifier,
RandomForestClassifier, and DecisionTreeClassifier have been utilized to evaluate UAV identification
success. These metrics form the basis for evaluating the performance and reliability of the model in
UAYV identification. This study aims to propose an effective solution to address the security and privacy
concerns associated with UAV technology and lay the groundwork for further research. The model
developed using RF signals can significantly improve UAV identification processes and represent a new
era in the development of UAV detection and identification systems.

Keywords: Machine Learning, Unmanned Aerial Vehicles (Uavs)/Drones, Uav Detection, Radio
Frequency (Rf) Signals, Randomforestclassifier, Kneighborsclassifier, Decisiontreeclassifier
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Abstract

Typically produced by cutting steel hot-rolled I- or H-shapes, structural tees are widely used in different
load resisting systems as primary/secondary members or connecting elements. The aim of this study is
to define the fundamental limit states for structural steel tees under axial compression, to reveal how the
"Specification for Design and Construction of Steel Structures (SDCSS)" incorporates these limit states
into their design principles, and to calculate and tabulate the design compressive strengths of tees
produced by splitting different European HEA shapes widely used in Turkey for various buckling
lengths. For this purpose, the limit states of yielding, flexural buckling, flexural torsional buckling and
local web/flange buckling are defined and how these limit states are incorporated into SDCSS is
summarized first. Afterwards, the calculation of the design compressive strength for a typical structural
tee based on the design principles defined in SDCSS is showed step by step and similar calculations are
conducted to determine and present in a tabular form the design strengths of structural tees produced
from different HEA shapes for different buckling lengths. In the study, it is found that the compressive
behavior of tees cut from HEA shapes with profile numbers not exceeding 500 is governed by flexural
torsional buckling limit state unless their buckling lengths are relatively small, in which case the
governing limit state becomes flexural buckling. On the other hand, regardless of the buckling lengths,
the governing global buckling limit state is found to be flexural torsional buckling for larger tees.

Keywords: Specification For Design And Construction Of Steel Structures, Axial Compression, %2
Hea-Shape, Design Compressive Strength, Structural Tee, Load And Resistance Factor Design
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Abstract

ESKAPE pathogens, an acronym encompassing Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species,
present a formidable challenge due to their resistance to antibiotics. Understanding the transmission
vectors of these pathogens is crucial for devising effective strategies to mitigate their spread.
Transmission of ESKAPE pathogens occurs through various routes, including direct contact between
infected individuals, contaminated surfaces, and healthcare settings. Beyond healthcare facilities,
ESKAPE pathogens can spread through environmental reservoirs such as water systems and agricultural
settings. Contaminated water sources, including rivers and wastewater, can harbor these pathogens,
leading to community-wide outbreaks. Agricultural practices, including the use of antibiotics in
livestock farming, contribute to the dissemination of antibiotic-resistant strains into the environment.
Between 2016 and 2021, extensive monitoring efforts surveyed various ecosystems, including the woter
ecosystem and agricultural domains, for the presence of ESKAPE pathogens. The findings unveiled a
concerning surge in ESKAPE pathogens within these environments. Notably, the number of identified
ESKAPE pathogens in the river escalated by 1.65-fold while in agroecosystems, it surged by 2.21-fold.
Further analysis revealed high levels of antibiotic resistance among ESKAPE pathogens, with Klebsiella
pneumoniae, Enterococcus faecalis, and Enterococcus faecium dominating the water ecosystem, while
multidrug-resistant strains including Pseudomonas aeruginosa, Enterococcus faecium, Enterococcus
faecalis, Staphylococcus aureus, and Acinetobacter baumannii were prevalent in soil samples from
agroecosystems. Overall, understanding the diverse transmission vectors of ESKAPE pathogens is
essential for implementing targeted interventions to control their spread. Strategies such as improved
hygiene practices, antimicrobial stewardship, and surveillance of environmental reservoirs are critical
for mitigating the impact of these pathogens on public health.

Keywords: Eskape Pathogens, Environment, Antibiotic Resistance, Monitoring, Transmission
Vectors
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Abstract

Ceylan Formation Tuffs observed in the drilling wells of the Thrace basin, the most important natural
gas basin of our country, are thought to be reservoir rocks due to their tectonic fractures and fissures.
Scanning electron microscope (SEM) analyzes were carried out in order to determine the morphology,
clay content and porosity of the core samples taken from the wells in the tuff units by image processing
method. The petrophysical parameters of the reservoir, porosity (%) and permeability (mD) values, were
found by image processing using the MATLAB software language using scanning electron microscope
photographs. Porosity values were found between 11.6% and 23.7%. Permeability values were found to
be between 270 mD and 747 mD. In addition, the clay content of tuffaceous rocks producing natural gas
was found to be between 76.3 and 88.4 percent. High clay content was thought to negatively affect

hydrocarbon production.

Keywords: Hydrocarbon, Matlab, Permeability, Porosity, Thrace Basin
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Abstract

Splines are functions in order to connect data points and important mathematical tools to visualize and
process data. In this paper, we propose rational logarithmic cubic spline as a new approach for this
purpose. We design this type of alternative spline to obtain advanced visualization of various suitable
data structures in two and three dimensions. Due to the nature of our spline, the processes were optimized
via suitable natural logarithmic transformations. Our rational logarithmic cubic spline has exactly four
free shape parameters. These parameters allow the user to adjust slopes and curves as desired. Our spline
function, which possesses C1 continuity, offers accuracy and effectiveness in derivative calculations
requiring data interpolation. Additionally, special constraints were implemented during the interpolation
process to maintain data positivity. Thanks to these constraints, when our spline function is applied to
positive and proportional data, it yields consistent results. These consistent results may contribute
significantly to the fields of science and engineering. Furthermore, by transforming our rational
logarithmic cubic spline function into a bi-cubic form in suitable domain, we may achieve three-
dimensional visuals as well as more effective interpolation compared to two-dimensional visualization,
ensuring smoother transitions.

Keywords: Data Visualization , Rational Cubic Spline , Logaritmic Interpolation , Positive Surface,
Rational Bi-cubic Spline
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Abstract

In this study, the impact of pH, irradiation time, and catalyst amount on the photocatalytic degradation
of Methyl Blue was investigated by using graphitic carbon nitride (g-C3N4) as the catalyst and utilizing
rigorous statistical modeling via Analysis of Variance. Photocatalysis is an effective method for
pollutant removal, especially with g-C3N4 due to its stability and visible light absorption capabilities.
MB was chosen as it is prevalent in industrial effluents and has challenging degradation kinetics. The
results indicate that these parameters significantly influence degradation kinetics, with pH showing the
most pronounced effect in alkaline conditions. Additionally, the study highlights the subtle roles of
irradiation time and catalyst amount in MB degradation which offer valuable insights for optimizing
photocatalytic performance. Notably, an optimal efficiency of 91% was achieved with a 60 min
irradiation time and 0.01g of catalyst. These findings provide significant contributions to environmental
remediation strategies and sustainable wastewater treatment technologies.

Keywords: Graphitic Carbon Nitride, Methyl Blue Degradation, Optimization, Degradation
Efficiency
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Abstract

Today, radiation exposure is widely encountered in a wide range from medical treatments to industrial
activities. This involves potential health risks, and it is imperative to adopt appropriate measurement
and monitoring methods to manage these risks effectively. At this point, biosymmetries appear to be an
important tool. Biodosimeters are devices used to accurately measure and evaluate a person's amount of
radiation exposure. Biodosimeters accurately measure and evaluate the dose of radiation exposed to
patients during procedures in the medical field, such as radiation therapy or diagnostic imaging, using
various biological methods such as cytogenetics, biobeliterator, gene expression, luminescence and
electron paramagnetic resonance (EPR). This helps minimize side effects while ensuring that patients
receive the right treatment. Biodisimeters are vital for those working in industrial environments,
especially in facilities such as nuclear power plants. These devices are used to monitor the health of
workers who are regularly exposed to radiation and to ensure safe working conditions. This helps
prevent long-term health effects and safeguard the well-being of employees. In emergencies,
biosymmeters can help quickly and effectively assess radiation exposure. In cases such as nuclear
accidents or the leakage of radioactive substances, these devices are used to determine the health status
of the affected individuals and provide the necessary medical interventions. In addition, biosymmeters
also play a critical role in monitoring environmental radiation. This is important to protect public health
and minimize potential risks. As a result, biosimeters play a critical role in monitoring and assessing
radiation exposure. These devices are indispensable tools for minimizing health risks and ensuring safe
working conditions. In the future, further development and improvement of biosymmetry technology
could help to manage the risks associated with radiation exposure more effectively.
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Abstract

Biosensors are considered an important component of analytical chemistry. These devices combine
biological detection elements with analytical devices for the accurate detection and measurement of
specific analytics. Catalase sensors can be used not only to detect pollutants such as heavy metals or
pesticides, but also to measure the activity of hydrogen peroxide (H202), a powerful decontaminant.
Hydrogen peroxide is a powerful oxidizing agent that is effectively used in many disinfectants and
cleaning products. Catalase sensors use the catalase enzyme to detect the presence of H202 and measure
its concentration. These sensors are based on the activity of the catalase enzyme, which reacts by
converting catalase, hydrogen peroxide, into water and oxygen. The amount of oxygen generated during
this process is used to determine the level of hydrogen peroxide. One of the most obvious advantages of
these biosensors is their high precision and selectivity. They can detect hydrogen peroxide levels in
different samples very accurately and deliver results quickly. It also ensures that they are practical, such
as in terms of portability and ease of use, and that they can be used effectively outside the laboratory.
However, catalase biosensors have some limitations. In particular, they may be sensitive to pH and
temperature changes, and the presence of other components in the sample matrix may affect accuracy
and precision. Therefore, it is important to take these factors into account and optimize the sensor.
Catalase biosensors have various uses. In medicine, they are often used in the diagnosis and treatment
of diseases, in the determination of oxidative stress, and in the monitoring of antioxidant activity in the
food industry. They also play an important role in monitoring pollution levels in environmental
applications and in controlling them in industrial processes. These sensors play a vital role in key areas
such as preserving environmental health, early diagnosis of diseases, and ensuring quality in industrial
processes. Therefore, the development and improvement of catalase biosensors is considered a subject
of continuous research and development in analytical chemistry.
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Abstract

The mining industry for the extraction and processing of copper ore in the area of the Fan river basin
(Big Fan and Little Fan) began in 1935, when the mine for the extraction of copper ore was opened in
Rubik. The opening of this mine was followed by the construction of the Rubik metallurgical plant in
1937. These two objects were later followed by the opening of several mines, starting with the mine of
Kurbnesh, Kaéinar, Spagit, Tug, Lak Rosh, Qaf Bari, etc. . The opening of the mines was accompanied
by the construction of beneficiation factories in Kurbnesh, Reps, Fushé Arréz, Rréshen, etc., as well as
the construction of the Rubik Copper Refinery. The mining and beneficiation works have affected the
pollution of the waters coming out of the underground, with a high acid content. The deposition of
mining wastes from beneficiation factories in dams, which have been constantly under the influence of
atmospheric agents such as: wind, rain, snow, etc., has resulted in a polluting effect on the waters of the
Fan River. From the studies over the years, it appears that, as a result of underground water discharges
from the mine and as a result of atmospheric agents in the roofs of the beneficiation factories, several
tens of tons of Cu, Zn, As, Co, etc. go into solution. The negative impact of these waters affects the
entire region that they cross, starting from the Municipality of Rréshen to the Adriatic Sea, where the
waters of the Fan River flow after joining the waters of the Mat River. The article analyzes the current
situation, draws conclusions and proposes concrete technical and administrative measures to prevent
pollution of the Fan River in the future.

Keywords: Albania, Mining Activity, Water Pollution, Water Protection From Pollution
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Abstract

Portugal is known for its remarkable diversity of grape varieties, with more than 300 types documented.
The winemaking process generates several by-products, including vine prunings, grape stalks, pomace,
and lees. Grape pomace, which consists of the skins, seeds, and stems remaining after grape pressing,
typically represents 25% to 45% of the total grape weight. The aim of the present study was to investigate
the textile dyeing potential of (natural) dyes derived from grape pomace. Extraction was performed
using water at different pH values s and a water/ethanol solution. Dyeing experiments were conducted
on cotton (natural and cationized) and wool for different durations (100 and 200 min). Color and fastness
properties were assessed, including washing (with hot and cold water) and exposure to natural light.
AE* values were used to quantify color differences between dyed samples and controls, resulting in
uniform earth tones. Cationized cotton exhibited the highest AE* values (33.91 to 37.98), indicating
increased dye uptake compared to organic cotton, which achieved lighter earth colors. Grape pomace-
based natural dyeing offers a sustainable, eco-friendly, and non-toxic alternative for textile dyeing,
yielding unique tones with commercial potential. This approach promotes the sustainable use of natural
resources and environmental protection, aligning with waste reduction and valorization principles and
encouraging conscious consumption for sustainable development.

Keywords: Waste Valorization, Grape Pomace, Natural Dye
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FULL TEXT PAPERS

In this area, there are full-text papers sent to the Incohis 2024 Spring congress that meet the conditions
of the congress.
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Ozet

Siber giivenlik diinyasinda IPS sistemleri olduk¢a 6nemli bir yere sahip olup bu sistemlerin basarim
orant ile glivenlik sistemlerindeki koruma seviyesi dogru orantilidir. Bu ¢alismada IPS sistemlerinde
basarim oranini artirmak ve hata oranini azaltmak igin hibrit bir model 6nerisi sunulmustur. Sadece
klasik imza tabanli ¢alisan veya tamamen makine 6grenmesi ile olusturulmus IPS sistemlerinin hata
oraninin beklenildigi kadar diigiik olmamasi siber giivenlik sistemlerinde koruma goérevini olumsuz
etkilemektedir. Bu soruna ¢6ziim olmasi amaci ile bu ¢alismada, hibrit bir IPS sistemi olusturulmus ve
hata orani azaltilmaya c¢alisilmistir. Hibrit IPS Sistemi Modelinde, imza tabanli koruma, makine
ogrenmesi, kara liste kullanimi, DDoS korumasi ve kaynak IP lokasyon kontrolii gibi bir¢ok dnemli
faktore yer verilmistir. Birgok farkli parametrenin ayni sistemde kullanilmasi hem koruma basarim
oranint artirmis hem de sistemi yoneten siber giivenlik uzmanlarina esnek bir mimari yOnetimi
saglamistir.

Anahtar Kelimeler: IPS, DDoS, Hibrit IPS Modeli, Kara Liste ve IP itibari, Makine Ogrenmesi

A HYBRID MODEL PROPOSAL FOR THE STUDY OF IPS ATTACKS AND
REDUCING THE ERROR RATE

Abstract

IPS systems have a very important place in the cyber security world, and the performance rate of these
systems is directly proportional to the level of protection in security systems. In this study, a hybrid
model proposal is presented to increase the performance rate and reduce the error rate in IPS systems.
The fact that the error rate of IPS systems that work only on classical signature basis or are created
entirely with machine learning is not as low as expected, negatively affects the protection duty in cyber
security systems. In order to solve this problem, in this study, a hybrid IPS system was created and the
error rate was tried to be reduced. The Hybrid IPS System Model includes many important factors such
as signature-based protection, machine learning, blacklist usage, DDoS protection and source IP location
control. The use of many different parameters in the same system both increased the protection
performance rate and provided a flexible architectural management for the cyber security experts who
manage the system.

Keywords: IPS, DDoS, Hybrid IPS Model, Blacklist and IP Reputation, Machine Learning

1. GIRIS

Teknolojinin hizla gelismesi ve internet diinyasinda yeni gelismelerin olmasi biiyiik sirketler i¢in is
siirecinde kolayliklar ve avantajlar saglasa da en az bunun kadar ¢ok tehdit ve riskleri de beraberinde
getirdigi bir gercektir. Siber glivenlik diinyasinda artik neredeyse her hafta yeni bir saldir tiirii ve buna
karsin bir savunma stratejisi gelistirilmektedir. Tahminlere gore diinyada ¢apinda her giin 30,000 web
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sitesi saldiriya ugruyor. Bu rakamlar siirekli artmakta, sirketlerin kars1 karsiya kaldig: siber saldirilar
cogalmakta ve bu saldirillara karsi savunma stratejileri de her daim gilincellenmektedir. Savunma
stratejilerine en c¢ok katkida bulunan iiriinlerin basinda IPS (Saldiri Onleme Sistemi) iiriinleri
gelmektedir.

Saldir1 6nleme sistemi (IPS), dnceden tanimli tehditleri tespit etmek ve gerekli ise 6nlemek i¢in calisan
bir ag giivenligi sistemidir. Saldir1 6nleme sistemleri, network agin siirekli olarak izlemekte ve olasi
kotii amach trafikleri tespit edip bilgi toplamaktadir. IPS, zararl olaylari sistem y&neticisine bildirir ve
erisim noktalarini kapatip giivenlik duvarlarini gelecekteki saldirilar1 6nleyecek sekilde yapilandirmak
gibi Onleyici bazi eylemlerde bulunur. IPS ¢oziimleri ek olarak, kurumsal giivenlik politikalarindaki
sorunlart tespit etmek ve bu ag1 kullananlari kurallar1 ihlal etmekten caydirmak igin de kullanilabilir.
Bir sirket aginda ¢ok sayida erisim noktasi mevcuttur ve olasi ihlal, olay ve tehdit isaretlerini izlemek
icin bir sistemimizin olmasi esastir. Gliniimiizde, ag tehditleri gitgide daha tehlikeli bir hal almakta ve
en gilicli glivenlik c¢oziimlerine bile sizmayr basarmaktadir. Bu tarz saldirilara karsi giivenligin
saglanmasi i¢in IPS sistemlerinin en yiiksek dogruluk orani ile caligmasi gereklidir. Birbirini
destekleyen hibrit sistemlerin bir araya gelerek tek bir IPS sistemi olusturmasi, bu dogruluk oraninin
artmasina yardimci olacaktir.

Saldir1 6nleme sistemi mekanizmasi, giderek sayisi artan dijital sistemlerin korunmasinda en 6nemli
iirlinlerden biridir. Yapay zeka ve makine 6grenimi yaklasimlari son yillarda ag anormalliklerinin tespiti
icin yaygin olarak kullanilmaktadir. Yapay zeka tabanli IPS sistemleri, her gecen giin daha popiiler hale
gelmektedir. Saldir1 Onleme Sistemi (IPS) i¢in yapilan calismalar iginde en sik kullanilan makine
Ogrenme algoritmalari, K-En Yakin Komsu (KNN), Destek Vektor Makinesi (SVM) ve Rastgele Orman
(RF) ve Multilayer Perceptron (MLP) olarak siralanabilir. Bu makine 6grenme algoritmalari ile son
donemde ¢ok sayida ¢aligma yapilmis, yeni modeller ortaya konmustur.

Bu caligsmada, IPS sistemlerindeki hata oranlarinin azaltilmasi ve sistem yoneticisine daha esnek bir
yonetim mimarisi sunan hibrit bir model ortaya koymak hedeflenmistir. Sadece imza tabanli ya da
sadece makine Ogrenme algoritmalarina dayali sistemlerin basarim oranlari her zaman hedeflenen
boyutta degildir. Ayrica bu sekilde calisan IPS sistemlerinde sartlara gore degisiklik yapilamadigi i¢in
sistemi yOneten siber giivenlik uzmanlarina esnek bir yapi da sunulmamig olur. Modelimizdeki her
parametre belirli bir puan degerine sahip olup bu puan degerlerinin toplami, sistem yoneticisinin
belirledigi esik degeri gectiginde koruma modu devreye girmektedir. Bu sekilde hem karar verici birden
cok parametre olusturulmus hem de sistem yoneticisine miidahale hakk: verilmistir.

Modelimiz, imza tabanl1 IPS, IP itibar1 (Kara Liste), Makine Ogrenimi Kontrolii, TCP Session (Oturum)
sayisi, SIEM kontrolii ve Kaynak IP lokasyon kontrolii (Geolocation) olacak sekilde bes farkli
parametreden olugmaktadir. Erisim isteginde bulunan her kaynak IP adresi ve istegin igerigi, bu
parametrelerden olusan bir filtreden gegirilir, her parametreden eslesmesi halinde bir puan degeri alir ve
alinan toplam puan degeri ¢ikt1 olarak iletilir. Bu ¢ikt1 puan degeri, sistem yoneticisinin belirledigi {ist
degeri gegerse ilgili erisim engellenir ve kaynak IP kara listeye alinir. Siber giivenlik diinyasindaki
degisen sartlara gore sistem yoneticisi modeldeki parametre puanlarini artirip azaltabilir. Ornegin,
yurtdisindan ¢ok sayida atak alinan bir firmadaki sistem yoneticisi, lokasyon kontrolii parametresinin
puan degerini artirabilir ve yurtdisindan gelen istekler daha hassas bir filtreden gegirilmis olur.
Modelimizin bu esnek yapisi hem sistem yoneticisine esneklik saglamakta hem de degisen sartlarda
daha hassas bir saldir1 6nleme sistemi olanagi sunmaktadir.

Onerilen modelimizin, elimizdeki veri setine gore, sadece imza tabanli veya sadece makine 6grenimi
tabanli saldir1 tespit sistemlerine gore daha yiiksek dogruluk orani gésterdigi kanitlanmigtir. Caligmanin
genelinde, saldin tespit sistemlerinde gelecekte daha sik karsilasacagimiz hibrit sistemlere bir ek
model olusturmak ve bu model ile hem basar1 oranini artirmak hem de sistem yoneticisine esnek bir
yap1 sunmak hedeflenmistir.

2. ILGILI CALISMALAR
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Aksu ve Aydin 2018 yilinda yaptiklari ¢alismada, MLP (Multi-Layer Perceptron) ve SVM (Destek
Vektor Makinesi) algoritmalarini kullanarak port tarama saldirilarini analiz etmeyi hedeflemislerdir. Bu
kapsamda veri kiimesi olarak CICIDS2017 kullanilmistir. Makine 6grenme algoritmalar1 sonucu, MLP
F-skoru 0.65, SVM F-skoru 0.95 olacak sekilde saldir1 tespiti yapilmistir. Ek olarak, daha basarili bir
saldir tespiti icin 7 katmanli MLP modeli kullanilmasi1 gerektigi gdsterilmistir (Aksu & Aydin, 2018).
Sharafaldin ve arkadaglar1 2018 yilindaki ¢calismalarinda, kendi olusturduklari CICIDS2017 veri kiimesi
tizerinde ¢aligsma yapmiglardir. Bu veri kiimesi saldir1 tespiti yapmak i¢in K En Yakin Komsu (KNN),
Rastgele Orman, Tekrarh Ikilik¢i Agac1, Adaboost, MLP, Naive Bayes ve Karesel Diskriminant Analizi
gibi bazi makine 6grenme algoritmalar1 kullanilmistir. Tekrarl ikilikci Agaci algoritmasi, en iyi sonucu,
0.98 F-skoru ile vermistir (Sharafaldin, Lashkari & Ghorbani, 2018).

Wankhede ve Kshirsagar 2018 yilinda yaptiklar1 c¢alismada, bir giinliik DoS saldirilarini igeren
CICIDS2017 veri kiimesini kullanmiglardir. Saldir tespiti igin Rastgele Orman ve Yapay Sinir A1
(Artificial Neural Network-ANN) yontemlerini tercih etmislerdir. Bu iki makine 6grenme algortimasini
basar1 oranlarin1 kiyaslamak igin veri setini % 20’e 80 olacak sekilde test ve egitim verisi olarak
ayristirmislardir. Sonuglara gore Rastgele Orman yontemi %99.95 dogruluk oranina ulasmis ve daha
basarili olmustur. Algoritmalarda en iyi (uygun) sonug i¢in, Rastgele Orman ydnteminde %50, MLP
yonteminde ise %30 gozlem oraninin kullanilmasi gerektigini ortaya koymuslardir (Wankhede &
Kshirsagar, 2018).

Kanimozhi ve Jacob 2019 yilinda yaptiklar1 ¢alismada, CSE-CIC-IDS2018 (CIC-AWS-2018) veri
kiimesini kullanmiglardir, bu veri setindeki Botnet (Bot) saldirilarinit MLP yontemini kullanarak tespit
etmeyi hedeflemiglerdir. Ek olarak, belirlenen hiperparametreler ile asir1 uyum (overfitting) gdsteren
modelleri tlizerinde GridSearch yontemini kullanarak optimizasyon islemi gergeklestirmislerdir.
Calismada onerdikleri yontemleri ile Botnet saldirilarimi %99.97 dogruluk oraninda tespit etmeyi
basarmis ve siniflandirilmislardir (Kanimozhi & Jacob, 2019).

Yulianto ve arkadaglart 2019 yilindaki g¢alismalarinda, CICIDS2017 veri kiimesini kullanmis ve
AdaBoost makine 6grenme algoritmasinin performansini iyilestirmeyi amaglamiglardir. Kullanilan
CICIDS2017 veri kiimesi iizerinde Temel Bilesen Analizi, SMOTE ve Topluluk Oznitelik Segimi
yontemleri ile performans iyilestirmesi hedeflenmistir. Sonuglar karsilastirildiginda, AdaBoost
algoritmasinin performansini, F-skoru 0.90 olarak SMOTE ve EFS algoritmalarinin birlikte kullanimi
saglamistir. Bu ikili kullanim performansi en ¢ok iyilestiren yontem olmustur (Yulianto, 2019).

Ullah ve Mahmoud 2019 yilinda yaptiklari calismada, Nesnelerin Interneti (IoT) aglarindaki
anormalliklerin tespiti tlizerinde ¢alismislardir. Kullanilan CICIDS2017 ve UNSW-15 veri kiimeleri
iizerinde iki seviyeli bir hibrit bir model gelistirmislerdir. Ilk seviyede Karar Agaci algoritmasi
kullanilmis ve ikili siniflandirma (Normal, Saldir1) yapilmistir. Sonuca gore saldirt olarak siniflandirilan
paketler sonraki seviyeye sokulmustur. Ikinci seviyede asir1 drnekleme ve alt rnekleme yontemleri olan
Yinelemeli Oznitelik Elemesi, SMOTE ve Diizenlenmis En Yakin Komsu kullanilmistir. Bu asamada
Oznitelik elemesi yapilmistir. CICIDS2017 veri kiimesi sonuglarina goére her iki seviyede 1.0 F-skoru;
UNSW-15 ig¢in ise ilk seviyede 0.99, ikinci seviyede 0.97 F-skoru ile saldir1 tespiti yapildig
gosterilmistir. (Ullah & Mahmoud, 2019).

Wani ve arkadaslar1 2019 yilinda yaptiklart ¢alismada, Bulut Bilisim Ortami iizerinde DDoS
saldinlarinin tespiti amaglanmigtir. Bu ¢calismada SVM, Rastgele Orman ve Naive Bayes yontemleri
kullanilmis olup 0.998 F-skoru ile en bagarili sonu¢ SVM algoritmasindan alinmistir (Wani, 2019). Lin
ve arkadaslar1 2019 yilinda yaptiklari ¢alismada, CSE-CIC-IDS2018 veri kiimesi iizerinde ¢alismiglardir
ve 7 smfli saldiri tespiti gergeklestirmislerdir. Modellerinde, Uzun Kisa Sireli Hafiza yontemi
kullanilmig, ek olarak Attention Mechanism yontemi ile daha iyi performans hedeflenmistir. Web
ataklariin tespitindeki dengesizligi gidermek i¢in SMOTE yontemi kullanilmistir. Saldir tespitindeki
algoritmalarin basarim oranimi 6l¢gmek igin dogruluk orani, precision, recall ve f-skor gibi bazi
parametreleri kullanmiglardir. Calisma sonucunda ortaya ¢ikarilan degerlendirme metriklerinde,
precision, recall ve f-skor degerleri birbirleri ile uyum gostermemektedir (Lin, 2019).

3.1PS KAVRAMI VE MODELIN PARAMETRELERI
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3.1. Siber Giivenlik ve IPS Kavram

Teknoloji gelistikce, siber diinyada her gegen giin yeni riskler olugsmakta ve saldirganlar sistemlere
sizmak icin her gecen giin yeni yollar ve taktikler iiretmektedirler. Her yeni giin farkli saldir tiirlerinin
ortaya ¢ikmasi, siber savunmada islerin daha da zorlagsmasina neden olmaktadir. Saldir1 gesitlerinin ¢ok
fazla olmasi ve her yeni giin yeni bir zafiyet/agiklik olusmasi, sistemleri koruyan siber giivenlik
uzmanlarini zorlamaktadir. Baz1 durumlarda savunma sistemleri yetersiz kalmakta ve sistem uzmanlari
da savunma yapamaz hale gelmektedir. Yayimlanan son raporlara gore, siber saldirganlarin kurumlara
verdikleri maddi zararlar yillik 575 milyar dolara kadar ¢ikmaktadir. Bu nedenlerden dolayi, sistemi
savunan siber giivenlik uzmanlarina yardimci sistemlerin/yazilimlarin kullanimi1 hem gereklidir hem de
sayilar1 siirekli artmaktadir. Ozellikle son yillarda, Makine Ogrenmesi sistemleri, siber savunmada
yardimei araglar olarak kullanilmaya baslanmigtir. Tek bagina makine 6grenme algoritmalari siber
savunmada yeterli olmasa da tamamlayici bir etken olduklari1 yadsinamaz.

Izinsiz giris 6nleme sistemleri (IPS), ag trafigini ve sistemleri potansiyel olarak kotii amagl trafige karst
izlemek icin kullanilan siber giivenlik araglaridir. IPS, 6nceden tanimlanmis giivenlik politikalarini ve
kural kiimelerini kullanarak k&tii amagl trafigi engelleyebilir, stipheli baglantilar1 sonlandirabilir veya
saldirganin ilerlemesini baska sekilde engelleyebilir. Bu, onceden tamimlanmis kurallara gore
istenmeyen trafigi engelleyen paket filtreleme veya paketlerin icerigini kotii amacgh yiiklere karsi
inceleyen derin paket incelemesi gibi teknikleri igerebilir.

Siber giivenlikte IPS, siipheli davraniglara kars: trafigi (ag tabanli IPS) veya cihaz etkinligini (ana
bilgisayar tabanli IPS) aktif olarak inceleyerek calisir. Iki ana asamada calisirlar: izleme ve uygulama.
Izleme sirasinda IPS motoru, tehditlere kars: trafigi veya etkinligi analiz eder. Iki ana yontem kullanir:
Imza tabanli algilama, etkinligi kotii amaglh etkinliklerin parmak izleri gibi bilinen saldir1 imzalarindan
olusan bir veritabanina karsi denetler. Anomaliye dayali tespit, istatistiksel analiz yoluyla belirlenen
normal davranigtan sapmalari arar. Motor, giivenlik politikalariyla uyumlu siipheli bir sey tespit ederse
IPS harekete gecer. Bu, ag ucunda koétii amagl ag trafiginin engellenmesini, siipheli baglantilarin aniden
sonlandirilmasini  veya bir cihazda anormal sekilde davranan islemler igin kaynaklarin
sinirlandirilmasini igerebilir. IPS'nin etkili olabilmesi i¢in giincel tehdit imzalarina, normal aktivite igin
iyl tanimlanmig temellere ve uygun sekilde yapilandirilmis giivenlik politikalarina ihtiyaglari vardir. Ek
olarak, giivenlik duvarlar1 ve SIEM sistemleri gibi diger giivenlik araglariyla entegrasyon, genel tehdit
yanitint iyilestirebilir. IPS cihazlar1 ilk olarak 2000'li yillarin ortalarinda bagimsiz cihazlar olarak
iiretilmis ve piyasaya siiriilmiistiir ve daha sonra Yeni Nesil Giivenlik Duvarlarina da entegre edilmistir.
Yeni nesil IPS ¢oztimleri artik bulut tabanli bilgi islem ve ag hizmetlerine baglh ¢aligmaktadir.

IPS sistemi basarili bir sekilde gorevini yapmak icin, acgiklart bulmak ve ag1 yetkisiz erisime karsi
korumak i¢in, bazi1 ¢esitli teknikler kullanir. Bunlar, imza tabanli tespit, aciklardan yararlanmaya yonelik
imzalar, giivenlik agigina yonelik imzalar ve hedeflenen sistemdeki temel giivenlik a¢igini hedef alan
daha genis imzalardir. Bu imzalar aglarin kimligi belirsizlige karsi korunmasimi saglar. Ayrica
anomaliye dayali1 algilama ile yeni nesil IPS sistemleri daha da yiiksek koruma saglamaktadir.

IPS sistemleri giivenlik katmaninda bir¢ok avantaj saglar. Bunlara drnek olarak, daha az is riski ve ek
giivenlik, saldirilara kars1 daha iyi goriiniirliikk ve dolayisiyla daha iyi koruma, artan verimlilik, tiim
trafigin tehditlere karsi incelenmesine olanak tanima ve giivenlik agiklarini ve yamalar1 yonetmek i¢in
daha az kaynak gereksinimi olarak siralanabilir. Birgok farkli IPS sistemi ve iireticisi olmasina ragmen
genel olarak koruma yontemleri benzerdir. Tek basina ¢aligan IPS sistemleri oldugu gibi diger giivenlik
iiriinlerine entegre olan birgok IPS sistemi de mevcuttur. ilk zamanlar sadece imza tabanl galisan bu
sistemler, zamanla anomali tabanli ve yapay zeka tabanli sistemler olmak iizere farklilagmigtir. Ornek
bir IPS sistemi Sekil 1’de verilmistir. Firewall sistemlerine entegre olan ve farkli konumlandirilan IPS
sistemleri de mevcuttur.
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Sekil 1: Ornek IPS Diyagramu (Yigit, 2022).

3.2. IP itibar1 ve Kara Liste

IP itibari, bir IP adresinin gegmis davraniglarina baglh olarak giivenilirliginin bir 6l¢iisiidiir. IP itibari
network ve giivenlik diinyasinda énemli bir dlglidiir ¢linkii e-posta filtreleri, glivenlik duvarlari ve diger
giivenlik araglar1 tarafindan potansiyel olarak kotli amagl trafigi tanimlamak ve engellemek igin
kullanilir. Iyi itibara sahip olan bir IP adresine bu araglar tarafindan giivenilme ve gecise izin verilme
olasilig1 daha yiiksek olmaktadir. Ayni sekilde kotii itibara sahip bir IP adresi ise daha sik engellenebilir
veya ek incelemelere tabi tutulabilir. IP itibari, IP adresinin davranisina bagli olarak zaman i¢inde
olusturulur. Bu degerlendirme, IP adresinden gelen trafi§in hacmi ve tiirii, spam veya kotii amach
yazilim varlig1 etkenleri disinda o IP adresinin bilgisayar korsanlig1 veya kimlik avi gibi herhangi bir
kotii amagli faaliyete dahil olup olmadigr gibi bazi faktorleri igerir. IP itibar verileri, internet servis
saglayicilar (ISP'ler), giivenlik {irlin saticilar1 ve itibar hizmetleri saglayicilart dahil olmak {izere gesitli
kuruluslar tarafindan toplanir ve dinamik bir sekilde analiz edilir. IP itibar1 diigiik olan IP adresleri kara
listelerde (blacklist) yer alabilmektedir. Kara listeye alman ip adreslerinin,URL adreslerin yada web
sitelerinin i¢ aga erisimi yada i¢ agdan bu adreslere erisimin engellenmesi, biiyiik bir giivenlik riskini
ortadan kaldirmaya olanak saglar.

Blacklist yani Kara liste kavrami, bir IP adresinin, alan adinin veya e-posta adresinin bilerek ya da
bilmeden spam mail goéndermesi, viriis yayma / gonderme faaliyetinde bulunmasi ve zararli trafik
faaliyetlerinde bulunmasi gibi nedenlerle girdigi bir listedir. Her kara listenin kendine gore farkli
kriterleri bulunmaktadir. Sistem, bu kriterler ile eslesen IP adreslerini kara listeye alir. Bir IP adresi tek
bir kara listede ya da birden fazla kara listede yer alabilir. Viriis, kotli amagli yazilim ya da spam bunun
nedenlerinden bazilaridir. IPS gibi giivenlik ¢oziimleri kara listelerden faydalanabilmektedir. Ayrica
baz1 kurumlar kara liste kullanimini en 6nciil koruma bariyeri olarak devreye almaktadir. IP itibar1 diisiik
olan ve kara listelere girmis olan IP adresleri birgok giivenlik sistemi tarafindan otomatik olarak
engellenir ya da daha detayli analiz edilir. Kara Listeler dinamik yapida olup belli periyotlarla
giincellenmekte ve degismektedir.

3.3. DoS ve DDoS Kavram

DoS (Denial Of Service) ya da Tiirk¢e karsiligi Servis Hizmet Reddi saldirisi, giiniimiiz teknoloji
diinyasinda en ¢ok kullanilan saldir tiirlerinden biridir. Bu saldiridaki amag, saldir1 yapilan hedefe dogru
asir1 bir trafik hacmi iiretmek ve bu hedefin hizmet veremez hale gelmesini saglamaktir. Internet
diinyasinda her sistemin ya da sunucunun kaldirabilecegi belirli bir trafik yiikii kapasitesi vardir. DoS
ya da birden ¢ok kaynaktan yapilan DDoS (Distributed Denial of Service- Dagitilmig Hizmet Reddi)
saldirilarmin amaci, bu kapasiteleri doldurarak sistemi ¢okertmek ve ilgili hizmetin durmasina neden
olmaktir. Birden ¢ok kaynakla yapilan DDoS saldirilarinda, siber korsanlar tarafindan ele gecirilen
zombi adinda makinalar kullanilir. DDoS saldirilarinin zarar verme etkisi, DoS saldirilarindan ¢ok daha
fazladir ¢iinkii cok sayida kaynak ile yiiksek hacimli trafikler olusturulur. Ozellikle birgok kaynaktan
yapilan saldirilarda, saldirt kaynagini tespit etmek ¢ok giligtiir.

DoS ve DDoS saldirilar1 gelisen teknoloji ile beraber hem daha kolay yapilabilir hale geldi hem de daha
cok sayida karsimiza ¢ikar oldu. Tarihte bilinen ilk Dos saldirisi, 1974’te , ilk DDoS saldirisi ise 1999°da
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gergeklestirilmistir. DoS veya DDoS saldirilarinda korsanlarin amaci sistemlere sizmak degildir. Bu
saldirilarin temel amaci saldirilan kurumdaki servisleri hizmet veremez hale getirmek ve ¢okertmektir.
Ilgili sistem hizmet veremediginden dolayr hem maddi hem de manevi zararlar ortaya gikmaktadir.
Ulkemiz dahil olmak iizere bircok iilkede DoS ve DDoS saldirilar1 yasa dis1 kabul edilir ve sug teskil
eder. Bunun nedeni saldirilan kurumlarin biiylik maddi ve manevi zarar gorebilme ihtimalidir. Volume
Based DDoS (Hacim Odakli Saldirilar), Protocol Based DDoS (Protokol Odakli Saldirilar), Application
Layer DDoS (Uygulama Katmanli Saldirilar), HTTP Flood, UDP Flood, ICMP Flood, Syn Flood gibi
farkli tiirlerde DDoS saldir1 ¢esitleri bulunmaktadir.

Gilivenlik duvart cihazlarmin DoS/DDoS ataklarina karst savunma mekanizmalari bulunur.Rate
Limiting denilen savunmada bir kaynaktan cihaza gelen paket sayisinda sinir belirlenebilir.Bu durumda
saldirganin ¢ok sayida istek yapmasi engellenir.Bir kaynak adresten gelen istek, istemin normal akigina
uygun sayida ise izinli geger ancak cok iistiinde ise Rate Limit’e takilir.

3.4. Siber Giivenlikte Geolocation Kavrami

Siber Giivenlikte Geolocation ifadesi IP adreslerinin cografi konum bilgilerini ifade etmektedir. DDoS
benzeri bir¢cok siber saldirida, saldirilarin kaynagi tek bir iilke ip adreslerinden gelebilir. Bu gibi
saldirilarda sistemlerimizi, bir ya da birden ¢ok iilke IP adresine karsi kapatmak saldirinin zararlarin
azaltabilir ya da tamamen durdurabilir. Ag korumasi, yalnizca kurulusunuzu sizmaya karsi korumayi
gerektirmez, ayn1 zamanda erisilebilirligin korunmasi anlamina da gelir. IP cografi konum bilgileri de
bu konuda yardimci olabilir. Giiniimiizde bir¢ok giivenlik iiriinii tizerinde entegre sekilde, IP cografi
konum bilgisi hizmeti sunan araglar bulunmaktadir. IP cografi konum bilgileri, sistemlerinizi veya
servislerinizi korumanizda biiylik avantaj saglabilir. Normal zamaninda servisin hizmet verdigi
lokasyonlara gdre veya atak anlarinda en ¢ok atak yaratan lokasyona gore farkli koruma 6nemleri
alinabilir.

Cografi konum IP adresi izleyici araglari, siber saldirilara karsi savasmak i¢in giderek daha popiiler hale
geliyor. Web sitesi trafigini filtrelemek icin bir IP arama arac1 veya API’si kullanilabilir. Ornegin,
Tiirkiye'de bir isletmeniz varsa ve genellikle bu bolgeden ziyaret¢i ve istek aliyorsaniz, Tiirkiye
disindaki IP adreslerinden gelen olagandisi veya siipheli istekleri engelleyebilirsiniz. Ayrica zararl
aktivite, dolandiricilik veya siipheli etkinliklerle iliskili IP adreslerini de engelleyebilirsiniz. Siber atak
anlarinda, en c¢ok atak yaratan kaynak lokasyonlarina yonelik daha siki analizler yapilabilir, engel
kurallar1 yazilarak sistem daha giivenilir hale getirilebilmektedir.

4. MAKINE OGRENMESI VE ALGORITMALARI

Makine dgrenmesi, yapay zekanin bir alt dahdir. ilk olarak 1959 yilinda sayisal grenme ve model
tanima c¢aligmalar1 sonucu ortaya ¢ikmistir. Bu 0grenme sisteminde, bazi algoritmalar ile sistemi
egitmek ve sonucunda sistemin dogru sonuglar iiretmesi hedeflenmektedir. lgili algoritmalar, tamamen
matematiksel iglemler ile calismaktan ziyade, 6grendikleri veri setlerine dayanarak kararli ve dogruluk
orani kabul edilebilir diizeyde sonuglar ortaya koymaktadir. Saglik ve ekonomi alanindan siber
giivenlige kadar ¢ok genis bir yelpazede makine 6grenme algoritmalari ile yapa zeka kullanilir.

Teknolojinin ve buna bagl olarak tiim sistemlerin dijitallesmesi sonucu, benzer siber giivenlige yonelik
tehditler ve saldirilar da artmaktadir. Siber korsanlar da bu teknolojik imkanlar1 kullanmakta ve saldir
cesitlerini artirmaktadir. Bu korkutucu gelismeler 15181nda, siber giivenlik sistemlerinde kullanilan
geleneksel koruma iiriinlerinin zaman iginde yeterli olmadig1 goriilmektedir. Saldirilarin artmasi ve
giderek ¢esitlenmesi nedeni ile son yillarda yapay zeka siber giivenlik alaninda 6nemli gelismelere sebep
olmustur. Yapilan bir¢ok arastirma, giinlimiizde islenen siber suglar nedeni ile birgok kurumun ve
kisilerin maddi ve manevi olarak magdur edildigini gostermektedir. Sistemlerin hizmet verememesine
neden olan saldirganlar ayn1 zamanda askeri veriler, kisisel veriler ve finansal kayitlar gibi 6nemli
bilgileri de calabilmektedir. Siber saldirilarin kurum ve bireyler {izerindeki etkilerine yonelik yapilan
aragtirmalarin tahminlerine gore Oniimiizdeki yillarda milyonlarca siber giivenlik ¢alisanina ihtiyag
duyulacaktir. Ayni aragtirmalarda, kurumlarim siber giivenlik korumasi kapsaminda her y1l milyarlarca

67



\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

dolar harcayacagi tahmin edilmektedir. Son yillarda islenen siber su¢larda yaklasik olarak 400 milyar
dolardan fazla para calinmistir (Reyhanoglu, 2020).

Saldirilarin ¢ok ¢esitlenmesi ve karmagsik hale gelmesi nedeni sistemleri korumak giderek daha zor ve
maliyetli bir hal almaktadir. Siber diinyada saldirilarin zarar vermek etkisi her gegen giin artmaktadir.
Siber korsanlar ¢ok farkli saldir1 ¢esitligi ile sistemleri zorlamakta ve tehdit etmektedir. Bu nedenlerden
dolay1 siber korumada yapa zeka 6nemli bir yer almaya baglamistir. Giiniimiiz akademik ¢aligmalarinda
siber korumada yapay zeka konusu ¢ok sik ele alinmaktadir. Teknoloji firmalart saldirt tespitinde ve
korumasinda iyi sonuglar veren yeni {iriinler gelistirmektedir. Siber giivenlik Ar-ge calismalarinin biiytik
bir kism1 yapay zeka ve makine 6grenimi {izerine yogunlagsmaktadir. Her alanda oldugu gibi gelecegin
siber diinyasinda da yapay zekanin biiyiik bir rol oynayacagi neredeyse kesin goriinmektedir. Siber
giivenlikte, en giincel koruma ftiriinleri zararli yazilimlari yiiksek dogruluk oraninda tespit etmeyi
bagarmaktadir. Giiniimiizde klasik koruma tiriinlerine yardimci olarak kullanilan yapay zeka sistemleri,
gelecekte korumanin tamaminda yer alacak diye tahmin edilmektedir.

4.1. Smiflandirma, Regresyon ve Tahmin

Smiflandirma ve regresyon tahmini kavramlari, makine 6grenimi algoritmalarinda kullanilan temel
tekniklerdir. Smiflandirma, bir veri kiimesinin belirli kategorilere gore ayrilmasi yani kategorize edilme
siirecidir. Regresyon tahmini ise, veri kiimesindeki degiskenler arasindaki iliskiyi tahmin etme siirecidir.
Regresyon ve Smiflandirma algoritmalar1 Denetimli Ogrenme algoritmalaridir. Her iki algoritma da
Makine 6greniminde tahmin i¢in kullanilir ve etiketli veri kiimeleriyle galisir. Ancak her ikisi arasindaki
fark, bunlarin farkli makine 6grenimi problemlerinde nasil kullanildigidir. Regresyon ve Siiflandirma
algoritmalari arasindaki temel fark, Regresyon algoritmalarinin fiyat, maas, yas benzeri siirekli degerleri
tahmin etmek i¢in kullanilmasidir. Smiflandirma algoritmalarinda ise amag ayrik degerleri tahmin
etmektir. Buna 6rnek olarak Kedi veya Kopek, Dogru veya Yanlis, Sifir veya Bir gibi ayrik degerleri
tahmin etmek/siniflandirmak i¢in kullanilir.

Makine 6greniminde siniflandirma, denetimli bir makine 6grenimi teknigidir. Veri kiimesindeki veri
ornekleri i¢in grup iligkilerini tahmin eder. Etiketleri kullanarak veri nesnelerini 6nceden tanimlanmig
kategoriler halinde tanima, anlama ve gruplandirmaya yonelik yinelemeli bir siirectir. Daha basit bir
deyisle, her yeni gézlemin ait oldugu uygun bir kiimeyi veya sinifi tanimlar. Cikis degiskeni birden fazla
sinifa veya kategoriye ait olabilir. Makine Ogrenmesi Smiflandirma Algoritmalar1 asagidaki tiirlere
ayrilabilir:

* Lojistik regresyon

* K-En Yakin Komsular

* SVM (Destek vektor makinesi)

* Naive Bayes

* Karar Agaci Smiflandirmasi

* Rastgele Orman Siniflandirmasi

4.2. Smiflandirmada Hata Metrikleri

Simiflandirma modellerinin gergek diinya problemlerini ¢6zmek i¢in giivenilir bir sekilde kullanilmasi,
smiflandirma  modelinin ~ performansim  degerlendirmeye baghdir. Performans dlctimleri,
dogruluk(accuracy), kesinlik (precision), geri ¢agirma (recall) ve F1 puanini igerir. Gergek diinyada
tahminlerde bulunmak i¢in bu modellerin, model performansi makine 6grenimi i¢in ¢ok Snemlidir.
Modelimizde, algortima sonuglarinin basarisi i¢in Accuracy (dogruluk) metrigi kullanilmistir.

Dogruluk, gercek pozitiflerin ve gercek negatiflerin tiim pozitif ve negatif gézlemlere orani olarak
tanimlanan metriklerdir. Bagka bir deyisle, dogruluk bize, makine 6grenimi modelimizin toplam tahmin
sayisindan bir sonucu dogru bir sekilde tahmin etmesini ne siklikta bekleyebilecegimizi sdyler.

Makine 6grenimindeki kesinlik, ger¢ekten dogru olan pozitif tahmin edilen etiketlerin oranini 6lger.

Kesinlik, pozitif prediktif deger olarak da bilinir. Kesinlik puani, yanlis pozitifleri ve yanlis negatifleri
dengelemek i¢in geri ¢agirma puaniyla birlikte kullanilir. Kesinlik puani, sinif dagilimindan etkilenir.
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Recall, modelin gergek pozitiflerden pozitifleri dogru bir sekilde tahmin etme yetenegini temsil eder.
Bu, modeller tarafindan yapilan tiim olumlu tahminlerden kag¢ tanesinin gercekten olumlu oldugunu
Olgen kesinlikten farklidir. Geri ¢agirma, duyarlilik veya gergek pozitif oran olarak da bilinir.

F1 puani, kesinlik ve hatirlama puaninin harmonik ortalamasidir. Performansini dogruluk agisindan
6lgmek icin hem Kesinlige hem de Geri Cagirmaya esit agirlik verir, bdylece onu Dogruluk 6l¢iimlerine
bir alternatif haline getirir.

Karmasgiklik matrisi kavrami, siniflandirma modelleri sonucu ortaya ¢ikan verilerdeki gercek sonuglara
kiyasla, yapilan dogru ve yanlis tahminlerin sayisin1 gosteren bir matristir. Bu matris modellerin
performans degerlendirilmesinde en ¢ok kullanilan metriktir.

GERCEK
Pozitif Negatif

=z | Pouitif ™ FP

=

=z

| Negatif FN ™

Sekil 2: Karmagiklik Matrisi (Bilen, 2021)

4.3. Modelde Kullanilan Siniflandirma Algoritmalari

4.3.1. K-NN Algoritmasi

KNN algoritmasi, nesneleri 6zellik uzaymdaki en yakin egitim 6rneklerine gore siniflandirmak igin
kullanilan bir yontemdir. k-NN, bir tiir 6rnege dayali 6grenme veya tembel 6grenmedir. K-NN, verinin
dagitimi hakkinda ¢ok az veya hi¢ 6n bilgi olmadiginda temel ve en basit siniflandirma teknigidir. Bu
kural, 6grenme sirasinda tim egitim setini korur ve her sorguya, egitim setindeki k-en yakin
komsularinin ¢ogunluk etiketiyle temsil edilen bir sinifi atar. Bu yontemde her numune kendisini
cevreleyen numunelere benzer sekilde siniflandirilmalidir. Bu nedenle, bir 6rnegin siniflandirmasi
bilinmiyorsa, en yakin komsu orneklerinin siniflandirmasi dikkate alinarak tahmin edilebilir.

4.3.2. Naive-Bayes

Naive Bayes siniflandiricisi, metin siniflandirma gibi siniflandirma gorevleri i¢in kullanilan denetimli
bir makine 6grenme algoritmasidir. Siniflandirma gorevlerini gergeklestirmek icin olasilik ilkelerini
kullanir. Naive Bayes algoritmasi matematikteki Bayes teoremine dayanir. Tembel bir 0grenme
algoritmasidir. Dengesiz veri kiimelerinde de caligabilen bir yontemdir. Calisma mantig1 olarak, bir
eleman i¢in her durumun olasiligini hesaplanir ve olasilik degeri en yliksek olana gore smiflandirilir.
Bayes Teoremi kullanilarak yeni veriler i¢in tahminler yapilmaktadir.

4.3.3. Linear Destek Vektor Makinesi

Dogrusal regresyon algortimasi, gelecekteki olaylarin sonucunu tahmin etmek i¢in bagimsiz degisken
ile bagimli degisken arasinda dogrusal bir iligki saglayan bir algoritmadir. Tahmine dayali analiz igin
veri bilimi ve makine 6greniminde kullanilan istatistiksel bir yontemdir. Bagimsiz degisken ayni
zamanda diger degiskenlerdeki degisime bagl olarak degismeyen agiklayici degiskendir. Ancak bagiml
degisken, bagimsiz degiskendeki dalgalanmalarla birlikte degisir. Regresyon modeli, analiz edilen veya
incelenen yanit veya sonu¢ degiskeni olan bagimli degiskenin degerini tahmin eder. Dolayisiyla
dogrusal regresyon, degiskenler arasindaki matematiksel iliskiyi baz alan ve satig, maas, yas, iirlin fiyati
vb. gibi siirekli veya sayisal degiskenler i¢in tahminler yapan denetimli bir 6grenme algoritmasidir.

Bu analiz yontemi, borsa tahminlerinde, portfoy yonetiminde, bilimsel analizlerde kullanilmaktadir ve

verilerde en az iki degisken mevcut oldugunda avantajlidir. Dogrusal regresyon yalnizca 6ngoriicii bir
ara¢ degildir. Ayn1 zamanda ¢esitli gelismis modellerin temelini olusturur. Diizenlilestirme ve destek
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vektor makineleri gibi teknikler, dogrusal regresyondan ilham alarak faydasimi genisletir. Ek olarak
dogrusal regresyon, varsayim testinde bir temel tasidir ve arastirmacilarin verilerle ilgili 6nemli
varsayimlart dogrulamasim saglar. Kod i¢indeki Ridge regresyonu istatistiksel bir diizenleme teknigidir.
Makine 6grenimi modellerindeki egitim verilerine asir1 uyum saglamayi diizeltir. Diizenleme giicii
parametresine alfa denir. En uygun sonug icin alfa degeri 3.000 olarak alinmustir.

from sklearn.linear model import LinearRegression

from sklearn.model_selection import train_test split

from numpy import genfromtxt

from sklearn.linear model import Ridge

ridge = Ridge(alpha=3000).fit(X_train, y_train)

print(f"Ridge Regression-Training set score: {ridge.score(X_train,

y_train):.2f}")

print(f"Ridge Regression-Test set score: {ridge.score(X test, y_test):.2f}")
Sekil 3: Modeldeki Dogrusal Regresyon Algoritma Kodu

4.3.4. Neural Network Algoritmasi1 — MLPClassifier

Yapay sinir aglar1 (Neural Networks), ndron denilen bircok birimden olusur. Insan beynin ¢alisma
mantigindan esinlenerek olusturulmus bilgisayar sistemleridir. Yapay sinir Ag1, 3 ya da daha fazla
katmandan olusan bir yapiya sahiptir. Bu agda, 1 adet girdi katmani, en az 1 gizli katman ve 1 adet ¢ikt1
katmani yer alir. Girdi ve ¢ikt1 katmanlari arasinda ¢ok sayida ara katman da yer alabilir. Katmanlardaki
noronlar bagh oldugu diger norona ¢esitli agirliklar ile baghdir. Girdi katmanindan alinan her veri,
belirlenen agirlik degeri ile garpilir ve daha sonra gizli katmana iletilir. Bu sekilde son durumda sonug
¢ikt1 katmanina ulasir.

MLP, karmagik siniflandirma gorevlerini yerine getirmede etkili oldugu kanitlanmis bir tiir yapay sinir
agidir. Bir MLP siniflandiricisi temelde, algilayicilar olarak da bilinen, birbirine bagli yapay néronlarin
birden fazla katmanindan olusur. Bu katmanlar tipik olarak bir giris katmani, bir veya daha fazla gizli
katman ve bir ¢ikis katmani icerir. Agdaki her bir néron giris sinyallerini alir, dogrusal olmayan bir
aktivasyon fonksiyonu uygular ve donistiiriilen ¢iktiy1 bir sonraki katmana iletir. Bu siire¢ siniflandirma
¢iktisini lireten son katmana kadar devam eder. Bir MLP siniflandiricisinin egitimi, ileri yayilim ve geri
yay1lim olmak iizere iki ana adimdan olusur. ileri yayilim sirasinda giris verileri ag iizerinden iletilir ve
her néronun ¢ikigi hesaplanir. Hesaplanan ¢iktilar daha sonra gergek etiketlerle karsilastirilir ve gapraz
entropi kaybi gibi bir hata Sl¢iisii hesaplanir. Geri yayilim adiminda hata ag boyunca geriye dogru yayilir
ve noéronlarin agirliklar1 gradyan inig optimizasyonu kullanilarak ayarlanir. Bu yinelemeli siirec, ag
tatmin edici bir performans seviyesine ulagsana kadar devam eder.

from sklearn.linear model import LinearRegression
from sklearn.model selection import train_test_split
from numpy import genfromtxt
X train, X test, y_train, y_test =train_test_split(

X, y. test_size=0.20, random_state=0)
from sklearnneural network import MLPClassifier
mlpel = MLPClassifier(hidden layer sizes=(10, 10, 10, 10), max_iter=1300)
mlpel.fit(X_train, y_train.values.ravel())
predictions = mlpel.predict(X_test)
from sklearn.metrics import classification report
print(classification report(y_test,predictions))
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precision recall f1-score  support

-1 1.86 2.87 2.93 737

1 e.97 1.88 2,92 2781

accuracy @.97 3518
macro avg 8,98 8.93 8.9 3518
welghted ave a8.97 8.97 8.97 3518

Sekil 4: Modeldeki MLP Algoritma Kodu ve Karmasiklik Matrisi Sonucu

4.3.5. SVC Algoritmasi

Destek Vektor Makinesi algoritmasi, iki ya da daha fazla sinifi birbirinden ayiran hiperdiizlemin
belirlenmesine dayal1 bir siniflandirma algoritmasidir. Siniflart birbirinden ayirmak i¢in sonsuz adet
diizlem belirlenebilmektedir. Destek Vektor Makinesi algoritmasinda amag, siniflar1 birbirinden ayiran
ve smif Orneklerinin hiper-diizleme olan mesafelerinin maksimum oldugu bir hiperdiizlemin
belirlenmesidir. Destek Vektdr Makinesi (SVM), dogrusal veya dogrusal olmayan siniflandirma,
regresyon ve hatta aykir1 deger tespit gorevleri i¢in kullanilan giiclii bir makine 6§renme algoritmasidir.
SVM'ler, metin siniflandirma, goriintii siniflandirma, spam tespiti, el yazisi tanimlama, gen ifadesi
analizi, yiiz tespiti ve anormallik tespiti gibi ¢esitli gorevler i¢in kullanilabilir. SVM'ler, yiiksek boyutlu
verileri ve dogrusal olmayan iliskileri yonetebildikleri igin ¢esitli uygulamalarda uyarlanabilir ve
etkilidir.

Destek Vektor Makinesi (SVM), hem siniflandirma hem de regresyon igin kullanilan denetimli bir
makine 6grenme algoritmasidir. Her ne kadar regresyon problemleri de sdylesek de, siniflandirma igin
en uygun olanidir. SVM algoritmasinin temel amaci, N boyutlu uzayda, 6zellik uzayindaki farkli
siniflardaki veri noktalarini ayirabilen en uygun hiperdiizlemi bulmaktir. Hiperdiizlem, farkli siniflarin
en yakin noktalar1 arasindaki marjin miimkiin oldugu kadar maksimum olmasini1 saglamaya calisir.
Hiperdiizlemin boyutu, 6zelliklerin sayisina baglidir. Giris 6zelliklerinin sayisi iki ise hiperdiizlem
yalnizca bir ¢izgidir. Giris 6zelliklerinin sayisi ii¢ ise hiperdiizlem 2 boyutlu bir diizlem haline gelir.

5. VERI SETI

5.1. Veri Seti ve Oznitelik Secimi

Bu calismada gergek bir veri seti kullanilmustir, veri setinde internetten i¢ aga dogru IPS sistemine
takilan farkli zamanlara ait veriler bulunmaktadir. Veri setinde 19 kolondan ve 21.059 satirdan olusan
loglar bulunmaktadir. Bu veri setindeki trafikler gercek bir IPS sistemine takilan alert (izinli) ve block
(engelli) isteklere aittir. Alinan veri iizerinde gesitli diizenleme ve veri temizleme islemleri yapilmugtir.
Ik olarak veri seti Microsoft Excel platformuna aktarilmistir ve ardindan modeli egitmek igin gerekli
olmayan verilerin veri setinden ¢ikartilmasi seklinde diizenlenmistir. Veri seti Microsoft Excel lizerinde
sirastyla Type, Threat/Content Type, Source address, Application, Source Port, Destination Port, IP
Protocol, Threat/Content Name, Severity, Source Country, url_idx, thr_category, Subcategory of app,
Category of app, Technology of app, Risk of app, Characteristic of app, Tunneled app, Action kolonlar1
olacak sekilde diizenleme saglanmustir. ilgili dzniteliklerin agiklamalar1 asagidaki gibi Tablo 1°de yer
almaktadir.

Tablo 1. Veri seti nitelikleri

Type Logun tiiriinii belirtir; deger TEHDITtir.

Threat/Content Type | Tehdit logun alt tiirli; deger url'dir.

Source address Orijinal oturum kaynagi IP adresi.
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Application Oturumla iliskili uygulama.

Source Port Oturum tarafindan kullanilan kaynak baglanti noktasi.

Destination Port Oturum tarafindan kullanilan hedef baglant1 noktasi.

IP Protocol Oturumla iligkili [P protokoli.

Threat/Content Bilinen ve 6zel tehditler i¢in IPS Firmasinin tanimlayicisi. Bu, bazi Alt Tiirler

Name icin parantez i¢inde 64 bitlik sayisal tanimlayicinin izledigi bir agiklama
dizesidir.

Severity Tehdidin ciddiyeti; degerler bilgilendirici, diisiik, orta, yiiksek ve kritiktir.

Source Country Kaynak iilke

url_idx Bir uygulama, baglantiy1 belirli bir siire agik tutmak i¢in TCP canli tutma

0zelligini kullandiginda, o oturuma ait tiim giinliik girislerinin tek bir oturum
kimligi vardir. Bu gibi durumlarda, birden fazla URL girisi i¢eren tek bir tehdit
giinliigiiniiz (ve oturum kimliginiz) varsa, url_idx, tek oturum i¢indeki her
giinliik girisinin sirasini iliskilendirmenize olanak taniyan bir sayagtir.

thr_category Farkli tehdit imza tiirlerini siniflandirmak igin kullanilan tehdit kategorilerini
aciklar. Giinliigii bir alan ad1 harici dinamik listesi olusturduysa, bu alani
domain-edI doldurur.

Subcategory of app | Uygulama yapilandirma &zelliklerinde belirtilen uygulama alt kategorisi.

Category of app Uygulama yapilandirma 6zelliklerinde belirtilen uygulama kategorisi.
Degerler: business-systems, collaboration, general-internet, media.

Technology of app Uygulama yapilandirma 6zelliklerinde belirtilen uygulama teknolojisi.
Degerler sunlardir: browser-based, client-server, network-protocol, peer-to-
peer

Risk of app Uygulamayla iligkili risk diizeyi (1=en diigiik ila 5=en yiiksek).

Characteristic of app | Uygulamanin uygulanabilir 6zelliklerinin virgiille ayrilmis listesi

Tunneled app Tiinellenmis uygulamanin adi.

Action Izinli yada engelli olarak aksiyon tiiriidiir.

5.2. Veri Onisleme ve Modeli Egitme

Mevcut imza tabanli IPS sistemine ait kurum verisi alindi, kurum bilgisi i¢eren kolonlar kaldirildi, veri
setindeki kategorik ifadeler Dummy Variable Trap yontemi ile O ve 1’lere ¢evrilmistir. Olusan veri seti
egitim ve test olarak ayrilmigtir; GaussianNB, KNeighborsClassifier, LinearRegression, SVC ve
MLPClassifier algoritmalar1 kullanilarak dogruluk oranlarn hesaplandi. LogisticRegression,
DecisionTreeClassifier ve RandomForestClassifier algortimalart bu veri setimizde her daim asir
6grenmeye neden oldugu i¢in kullanilmamustir.

Veri seti i¢indeki kaynak ip adreslerinden hangilerinin tcp oturum sayisini asip DDoS’a neden oldugu
ve hangi iplerin kara listeye dahil oldugu belirlenmistir (6 farkli black list otoritesi kullanildi). Veri
setinde toplam 17.588 satir veri bulunmaktadir. Bu veriler iginde 1.080 adet aktif TCP oturum sayisini

72



\/ . . .
'5."INCOHI5 INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

asan ve DDoS atagini tetikleyen IP adresi ile 118 adet en az bir kara listede yer alan IP bulunmaktadir.
Calismada kullanilan veri setine ait kii¢iik bir 6rnek parga Sekil 5°te verilmistir.
Veri setimizin %80’1 egitim verisi, %20’si ise test verisi olarak kullanilmigtir.

I | | I I I B3 [ I I [ | [ I

THREAT vulnerability 11118223941 smip-base 49794 25 tcp Falled Authentication Through Mail Protocol(31709) informational  China 0 code-execution  emal collaboration _ client-server 5 smtp-base
THREAT spyware 871968028 sl 6460 443 tep Sus ound(14978) nal  Portugal 0 spyware encrypted-tunnel _ networking wser-bas ass
THREAT spyware 20317111291 sl 5645, 443 tcp Afghanistan 05 n ass
THREAT spyware 193.93.27.238 sl 40142 443 tep Bulgaria ass
THREAT bl 58.34.176.82 smtp-base 34274 25 tcp. Chin: 5 smtp-b:
THREAT spyware 203171112211 sl 36376 443 1cp Afghanistan encrypted-tunnel assi
THREAT spyware 203.171.96.8 sl 6206 443 tcp Afghanistan ted-tunnel  networking ass
THREAT spyware 20317111251 sl 37979 443 1cp Afghanistan encrypted-tunnel ass
THREAT spyware 20817111201 sl 25870 443 tep Afghanistan encrypted-tunnel _ networkin browser-based ass
THREAT spyware 203171112171 ssl 2285 443 tcp Afghanistar encrypted-tunnel browser-based ass
THREAT spyware 203171112251 sl 56639 443 tep Afghanistan encrypted-tunnel base ass
37.63.12.204 s 14136 443 tcp Bulgaria encrypted-tunnel ass
8210223120 sl 48094, 443 tep 14978) Bulgaria encrypted-tunnel ass
22222311867 smip-base 54549 25 tep ion Through Mail Protocol(31709) China email 5 smtp-b:
45191120172 sl 56895, 443 tcp Brazil encrypted-tunnel ass
80.72.82.27 sl 41204 443 tep Bulgaria encrypted-tunnel et ass
101.34.47.253 38956 25 tep. China email 5 smtp-base
111.92.243.106 54660 80 tep. Chin: 4
111.92.243.106 54249 80 tcp chin: a
111.92.243.106 53411 80 tcp. ECShop Remote Code Ex China 4
111.92.243.106 53010 80 tcp. ECShop Remote Code Executior ability(54648) Chin: a
111.92.243.106 52521 80 tcp. ECshop Remote Code Execution Vulnerability(54648) China a
i 111.92.243.106 52264 80 tcp. ECShop Remote Cade Execution Vulnerability(54548) Chin: a
THREAT spyware 111.92.243.106 52231 80 tcp. Smallshell ASP Webshell Upload Detection(18260) China a
THREAT packet 222.174.48.90 22661 60998 tcp TCP SYN with data(8723) i 1 not-applicable
222.174.48.90 33548 30131 tep Tep YN (8723) 1no e
91.92.252.208 49242 53413 udp Netis/Net al Remote Code Exe 1
2221731956 62464 24880 tep TeP SYN
118.123.105.93 45144 443 tcp SCAN: Ho: medium 1
THREAT vulnerability 91.92.252.208 47686 53413 udp Netis/Net al Remote Code Exe high & 1u

Sekil 5. Caligmada kullanilan veri setinden kiigiik bir 6rnek

6. ONERILEN MODEL, SONUCLARI VE AJANTAJLARI

Modelimiz ve makine 6grenme algoritmasi dogruluk sonuglar1 asagidaki gibidir. Burada 5 farkli ML
algoritmasi kullanilmis ve dogruluk oranlar1 bulunmustur. Veri setindeki DoS’a neden olan ip adresleri
ile en az bir kara listede yer alan ip adresleri belirlenmistir. Makine Ogrenme algoritmalarinin dogruluk
oranlarina gore yaklasik olarak kac¢ adet zararli ip adresinin i¢ aga kadar gelebildigi hesaplanmistir.
Modelimize gore dis agdan gelen istekler once bir filtreden gegcmekte daha sonra ML algoritmasina
sokulmaktadir. Bu sekilde kara liste (blacklist) iginde yer alan veya DoS atagina sebep olan IP adresleri
Makine Ogrenme algoritmasima gelmeden erisimi kesilmektedir. Sistem geri beslemeli olarak SIEM
logu olusturmaktadir. Modelimizdeki 6n filtremizde bulunan her bir kontrol tek basina karar verici
oldugu gibi en az iki kriter saglamrsa direk engelle yap ve Makine Ogrenme adimimna dahil etme
denilebilir. Bu modelde sistemi yoneten siber giivenlik uzmanlarina esnek bir mimari sunulmaktadir.
Ornegin tek bagmna kara liste kontrolii false-positive durumlara sebep olursa, kara listede olmasi ve
saniyedeki aktif tcp oturum degerini agmasi, yani DoS atagina neden olmasi, engelleme nedeni olarak
belirlenebilir. Ayni sekilde atak donemlerinde, atagin geldigi tilke i¢in, bu tilkeden gelen istekler ve kara
listede olmasi sart1 ile engelleme saglanabilir.

Modelde dis diinyadan gelen istekler dnce ilk filtreden gegmekte daha sonra ise ikinci filtreden gegip ic
aga erisebilmektedir. Ilk filtrede 4 farkli koruma kriteri yer alirken ikinci filtrede ise yapay zeka ve imza
tabanli IPS sistemi kullanilmistir. Modelimizde, ayr1 ayr1 kullanima sahip bir¢ok koruma bariyerinin tek
bir entegre sisteminde kullanilmasi1 6nerilmektedir. Klasik koruma yontemlerinin yaninda, yapay zeka
kullanimi ile korumada dogruluk oranmin artirtlmasi amaglanmistir. Modelin asamalar1 ve ¢alisma
prensibi Sekil 6’da gosterilmistir.
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DIS DUNYA (iNTERNET)
istekler

DOS/DDOS SIEM
KONTROLU KONTROLU GEOLOCATION
uilkﬂtreden gecen legal istekler
IMZA TABANLI IPS

likinci filtreden gecen legal istekler

KARA LISTE
KONTROLU
MAKINE OGRENIMI
ALGORITMALARI

iC AG (LOCAL)

ENGELLE VE SIEM'E GONDER

Sekil 6: Onerilen Hibrit IPS Modeli

6.1. Algoritma Sonuclar1 Ve Modelin Katkisi

Modelimizde GaussianNB, KNeighborsClassifier, LinearRegression, SVC ve MLP simiflandirma
algoritmalan kullanilmigtir. IPS sistemlerinin yapay zekaya dayali ¢alismalarinda en ¢ok kullanilan
algoritmalar da Destek Vektor Makinesi, Bayesian Ag1, Yapay Sinir Agi, Karar Agaci ve k-En Yakin
Komsu'dur.

Algoritmalarin sonuglari Jupyter notebook ile python dilinde hesaplanmistir. Jupyter notebook, python
kod parcalarint adim adim ¢alistirmaya, her kod parcaciginin ¢iktisini almaniza olanak saglayan local
bir web projesidir. Kullanilan veri setinde toplam 17.588 satir veri bulunmaktadir. Bu veriler iginde
1.080 adet aktif TCP oturum sayisini agsan ve DoS atagini tetikleyen IP adresi trafigi ile 118 adet en az
bir kara listede yer alan IP bulunmaktadir. Dolayist ile ilk filtreden gegmesi gereken toplam 1.198 adet
IP adresi Makine Ogrenme algoritmasi veri setine karigmustir.

Veri seti lizerinde bes farkli algoritma calistirilmigtir. Dogruluk oranina gore en yiiksek basarim
Gaussian ve MLP siniflandirmasina aittir. Makina Ogrenme algoritma sonuglarinda basarim oranimni
0lemek i¢in accuracy (dogruluk) metrigi kullanilmistir. Kullanilan algoritmalarin sonuglari, yiizde 79
ile ylizde 97 arasinda dogruluk oranlarina sahiptirler. Hata oranina gore, ilk filtreden gegen ip
adreslerinden kag tanesinin i¢ aga kadar erisebildigi hesaplanmistir. Sonuglar asagidaki gibi Tablo 2’de
gosterilmektedir.

Algoritmalarm hata pay1 %3 ile %21 arasindadir. Dolayist ile bu hata payma gore sadece makine
ogrenmesi sistemi kullanildiginda, internet diinyasindan gelen bir¢ok zararli ip adresine ait trafik i¢ aga
erisebilmektedir. Yapilan ol¢limlerde en ¢ok SVC Algoritmasi hata payma neden olmus ve toplamda
251 zararli ip adresi makine Ogrenme algoritmasi filtresinden geg¢mistir. Basar1 orani en yiiksek
algoritma olan Gaussian siiflandirmasinda sadece 35 adet zararli ip i¢ aga erisebilmektedir. Onerilen
modelimizde en yiiksek dogruluk oranina sahip olan GaussianNB ve MLPClassifier algoritmalari

kullanilabilir.
Tablo 2: Algoritma Sonuglari
ML Algoritmasi Dogruluk Oram Hata Payina Gore IP sayisi
GaussianNB % 97 %3 x1198: 35 adetip
KNeighborsClassifier % 86 %14 x 1198 : 167 adet ip
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LinearRegression % 95 %S5 x 1198 : 59 adet ip
SVC % 79 %21 x 1198 : 251 adet ip
MLPClassifier % 97 %3 x 1198 : 35 adet ip

7. SONUC VE ONERILER

Giiniimiizde teknolojinin ilerlemesi, insanoglunun biling ve bilgi diizeyinin artmasiyla birlikte her gecen
giin ¢esitli ticari, iletisim, bilgi ve diger aglara yonelik yaygin saldirilar yaganmaktadir. Bu saldirilardan
bazilar1 bu aglarin icerdigi onemli ve hassas veri ve bilgileri hedef alirken, bazilar1 da kullanicilara farkl
hizmetler sunan kaynak ve sunucularla iletisim yollarim1 kapatmayr amaglamaktadir. Bu saldirilar,
yetkili kullanicilarin bu hizmetlere erisimini engelleyerek sunucular1 kullanilamaz hale getirir veya ag
performansini birka¢ dakika veya saatlerce kesintiye ugratir. Siber saldirilari durdurmanin bir yolu,
saldirt olasiligimi ¢esitli yollarla tespit etmeye veya tahmin etmeye calisan izinsiz giris Onleme
sistemlerini (IPS'ler) kullanmaktir. Bu ¢alismada dnerilen modelde hibrit bir IPS sistemi kurgulanmastir.
Iyi bir IPS sisteminden beklenen, yiiksek dogruluk orani ile ¢aligmasi ve bu kapsamda hatal1 kararlar
vermemesidir.

Modelimizde kullanilan veri seti, gercek bir IPS sistemine ait verilerden elde edilmistir. imza tabanl
IPS sisteminden alinan veri setine gore kullanilan algoritmalar i¢inde en basarili ML algoritmalar1 ytlizde
97 dogruluk orani ile GaussianNB ve MLPClassifier’dir. En az basarili algoritma SVC olarak
Olciilmiistiir. Yapilan teknik analizde modelimizdeki filtre olmadan kara liste ve DDoS kontrolii
olmayacagi i¢in yaklasik olarak 35 ile 251 adet zararl IP trafigi i¢ aga erisebilmektedir. Modelimizdeki
SIEM kontrolii ¢alisan model sonrasi geri besleme ile alinan verileri kullanip zararli olarak direk
engelleyebilir. Aym sekilde atak zamani Geolocation 6zelligi ile bazi iilkelerden gelen istekler
kisitlanabilir. Amag; siber giivenlik diinyasinda sik¢a kullanilan IPS sisteminin incelenmesi ve hata
oranin azaltilmasi i¢in model olusturulmasidir. Ayn1 zamanda bu sistemi kullanan Siber Giivenlik
Uzmanlarina duruma ve sartlara bagl olarak esnek bir mimari/sistem sunulmasi amaglanmaktadir.
Bunun i¢in 6zgiin ve ¢ok katmanli bir mimari 6nerisi sunulmustur. Hem makine 6grenimi algoritmalari
hem de klasik IPS imza yonteminin benzeri bir 6n filtre kullanilarak hibrit bir model olusturulmasi
hedeflenmistir.

Modelimizdeki iilke kontrolii (IP Geolocation) duruma ve sartlara gére kullanilabilir. ilk senaryoda
kurumumuz ya da iilkemiz bir siber atak aliyorsa o iilkeye dogru kisitlama yapilabilir, o {ilkeden gelen
istekler Makine Ogenme algoritmalarina dair veri setine dahil edilmez. Ikinci senaryoda sistem otomatik
olarak atak haritalarindan beslenebilir. Modelimizdeki 6n filtredeki her bir kontrol adimi tek bagina yada
sartlara gdre kombinasyon halinde kullanilabilir. Ornek bir siber atak haritas1 Sekil 7’te verilmistir.

Gelecekteki siber koruma iiriinlerinin bircogunun hibrit yapida olmasi ve bulut tabanl g¢alismasi
beklenmektedir. Hibrit koruma sistemlerinin tek bir modelde veya iiriinde birlestirilmesi hem sistem
yoneticisi olan siber giivenlik uzmanlarina esneklik saglamakta hem de farkli {iriinlerin yonetiminden
kaynaklanan is ylkiinii azaltmaktadir. Siber gilivenlik koruma sistemlerinde, sadece klasik koruma
sistemlerinin ya da sadece yapay zeka algoritmalarmin kullanilmasi yerine ikisinin birlesik bir sistem
olusturmasi ve bu sistemin kullanilmasi daha yiiksek basarim oranlarmma sahip olacaktir. Siber
saldirlarin birgok farkli tiirlerinin olmasi, korumanin da bir¢ok farkli bariyer ile yapilmasini zorunlu
kilmaktadir. Bu kapsamda, bircok farkli &zelligi biinyesinde barindiran hibrit modelimizin ve
caligmamizin gelecekteki akademik ¢alismalara katkida bulunmasi amaglanmugtir.
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CHECK POINT LIVE CYBER THREAT MAP DON'T WAIT 0 BE ATTACKED

PREVENTION STARTS NOW >

RECENT DAILY ATTACKS

TOP TARGETED INDUSTRIES

Sekil 7: Ornek Siber Atak Haritas1 (Check Point, 2024)
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Ozet

Genel olarak kataforez 6ncesi yapisma mukavemetini arttirmak icin geleneksel olarak fosfatlama 6n
islemi uygulanmaktadir. Ancak aliiminyum malzeme yiizeyine uygulanan fosfatlama 6n islemi yeterli
miktarda fosfat kristali olusturamamakta ve kataforez kaplamanin yapisma mukavemetini diisiirerek,
korozyon ozelliklerini olumsuz etkilemektedir. Bu ¢aligmada, otomotiv sektdrii i¢in en ucuz ve yaygin
olarak kullanilan kataforez kaplama yonteminde yapisma ve korozyon direncini artirmak amaciyla
fosfatlama on islemi yerine ticari iirin EcoAL 20A ¢ozeltisi kullanilarak Chrome-Free on islemi
uygulanmigtir. Deneysel c¢aligmalarda; otomotiv sektoriinde yaygin olarak kullanilan AAS5754
aliminyum alasim altlik olarak kullanilmistir. %1 konsantrasyonda EcoAL 20A kullanilarak, farkl
daldirma siireleri (45, 60 ve 75 saniye) ile deneysel siirecin optimizasyonu saglanmustir. {lk asmada
numune kaplama kalinliklar1 Elcometer ile 6l¢iilmiis, daha sonra yapigsma ve korozyon testi olarak; Kuru
Yapisma (REF DIN EN ISO 2409), Su Direnci (ASTM D 870-02) ve Nem Direnci (MIL-STD-810G)
testleri verilen standartlara goére yapilmistir.  Kaplamalara uygulanan testler sonrast gorsel
degerlendirme (beyaz ve kirmizi pas gozleme) yapilmistir. Gorsel degerlendirme sonrasi Cross Cut ile
yapigsma mukavemetleri ve korozyon 6zellikleri degerlendirilmistir.

Anahtar Kelimeler: Aliminyum, Kataforez, Chrome-Free, Yapisma Mukavemeti, Korozyon

THE EFFECT OF CHROME-FREE PRE-TREATMENT ON ADHESION AND
CORROSION RESISTANCE OF CATAPHORESIS COATINGS ON AA5754
ALUMINIUM ALLOY

Abstract

Traditionally, phosphate pretreatment is used to increase adhesion strength before cataphoresis.
However, phosphate pretreatment applied to aluminium material surfaces does not form sufficient
phosphate crystals, reducing cataphoresis coating adhesion strength and adversely affecting corrosion
properties. In this study, a chromium-free pretreatment using the commercial product ECOAL 20A
solution was applied instead of the phosphate pretreatment to improve adhesion and corrosion resistance
in the cataphoresis coating process, which is the cheapest and most widely used in the automotive sector.
AA5754 aluminium alloy, commonly used in the automotive industry, was used as the substrate in the
experimental studies. The experimental process was optimised with different immersion times (45, 60
and 75 seconds). EcoOAL 20A was used at a concentration of 1%. Adhesion and corrosion testing was
performed by DIN EN ISO 2409 (dry adhesion), ASTM D 870-02 (water resistance), and MIL-STD-
810G (moisture resistance). Visual evaluation (observation of white and red rust) was performed on the
coatings after testing. After the visual assessment, the adhesion strength and corrosion properties were
evaluated using cross-cut.

Keywords: Aluminium, Cataphoresis, Chrome Free, Adhesion Strength, Corrosion
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1. GIRIS

Glinlimiiz endiistrisinde kullanilan metalik malzemelerin korozyondan korunmasi, maliyet ve hasarlar
minimize etmek ve ¢evre kirliligini azaltmak amaciyla giderek artan bir 6neme sahiptir. 2020 yilinda
otomobil endiistrisindeki korozyon maliyetleri 28 milyar dolar {izerine ¢ikmis ve endiistrinin toplam
degerinin %2,82'sine ulasmustir [1], [2], [3]. Bu baglamda, elektro kaplama teknikleri, 6zellikle de
kataforez kaplama, metal nesnelere korozyon konusunda uzun Omiirlii koruyuculuk sunmaktadir.
Kataforez kaplamalar esasinda otomotiv sektoriinde 1970'lerden beri siklikla kullanilan ¢elik,
alliminyum ve dokme demir gibi metalik yiizeyler {izerine korozyon korumasi i¢in gerceklestirilen
popiiler organik kaplama yontemlerinden biridir [3], [4].

Genel olarak kataforez dncesi yapisma mukavemetini arttirmak igin geleneksel olarak yiizeyde fosfat
kristalleri olusturulmalidir. Ancak aliiminyum malzeme yiizeyine uygulanan fosfat 6n islemi yeterli
miktarda fosfat kristali olusturamamakta ve kataforez kaplamanin yapisma mukavemetini diisiirerek,
korozyon &zelliklerini olumsuz etkilemektedir.

Son zamanlarda nanopartikiiller polimer koruyucu kaplamalarda fosfatlama o6n iglemi yerine inorganik
nano dolgu maddesi olarak kullanimi, benzersiz bariyer 6zellikleri nedeniyle 6zel bir ilgi ¢cekmistir.
Nanopartikiillerin homojen dagilimi, kataforez kaplamada kilit bir faktdrdiir. Essiz 6zellikleri, biyiik
ylizey alan/hacim oranlarinin neden oldugu mikro boyutlu dolgu maddelerine (fosfatlama) kiyasla nano
boyutlu partikiillerin daha yiiksek yiizey alanindan kaynaklanmaktadir [5].

Chrome-Free olarak kullanilan ¢ozelti icerisinde nano boyutta Ti tozlar1 bulunmaktadir. Kataforez
kaplama Oncesi yiizeyde fosfat kristalleri yerine yilizeyde nano boyutta bir tabaka elde edilmektedir. Bu
tabaka kataforez kaplamanin Al ylizeyinde daha siki tutunmasini saglayarak yapisma mukavemetini
artirmaktadir.

Bu ¢aligma, Chrome-Free 6n isleminin kataforez kaplama 6ncesi uygulanmasiyla AA5754 aliiminyum
alagiminin kataforez kaplama kalinligi, korozyon 6zellikleri ve yapisma mukavemeti {izerindeki etkisi
ortaya konmustur.

2. CALISMANIN YONTEMI

Calisma kapsaminda otomotiv sektdriinde yaygin olarak kullanilan AA5754 aliiminyum alasimlar altlik
olarak kullanilmistir. Kataforez kaplama oncesi kullanilan fosfatlama 6n islemi yerine bu ¢alismada
ticari {irlin EcoAL 20A (Chrome-Free) kullanilmigtir. EcoAL 20 A, Al ve alasimlari igin fosfatlama
alternatifi olarak kullanilan (pasivasyon amagcli) bir kimyasaldir. EcoAL 20 A ile elde edilen pasivasyon
tabakasi, boya tutunmasini artiran ideal bir koruma yiizeyi olusturan bu kaplamalar Heksaflorotitanat
(H2TiFg) ve asitten olusmaktadir. EcoAL 20A altlik yiizeyinde nano tabaka saglayarak kataforez
kaplamanin yiizeye fosfatlama on isleminden daha iyi tutunmasini saglamaktadir. En iyi yapisma
mukavemetini saglayabilmek i¢in %1 konsantrasyonda EcoAL 20A farkli daldirma siireleri (45; 60 ve
75 sn) kullanilarak deneysel siirecin parametrik optimizasyonu saglanmistir. Elde edilen deney
numunelerinde kataforez kaplamanin kalinligi Elcometer 456 Prob kullanilarak olgiilmiistiir. Ayrica
numunelere; Kuru Yapisma (REF DIN EN ISO 2409), Su Direnci (ASTM D 870-02), Nem Direnci
(MIL-STD-810G) testleri uygulanmistir. Test sonrast numunelere Cross Cut/Capraz Kesim islemi
yapilmis ve bu islem sonrasinda goriintiilerinin karsilagtirilmasi igin her bir numune Canon EOS 600D
kamera ile fotograflanmistir. Degerlendirme bir bagska makalemizde yer bulan tabloya gore yapilmistir

6], [71

3. ARASTIRMA SONUCLARI VE TARTISMA

Sekil 1’de Elcometer ile 6lciilen Chrome-Free (%1 konsantrasyon) on islemi uygulanan kataforez
kaplama numunelerinin kaplama kalinliklar1 verilmistir. Optimum Chrome Free 6n islem siiresi ise 60
sn’de gozlenmis ve 38,15 pm kaplama kalinligr ile en iyi sonug elde edilmistir.
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Sekil 1: Farkli siirelerde gergeklestirilen Chrome Free on islemlerinin Kataforez Kaplama kalinligina etkisi

Sekil 2’te 6n islem olarak 60 sn siire ile uygulanan Chrome Free sonrasi iiretilen kataforez kaplamalarin
kuru yapisma, su ve nem direnci sonrasi yapilan yapisma testleri sunulmustur. Tiim test sonuglari
incelendiginde Aliiminyum alasimina uygulanan Chrome Free ylizey hazirhginin etkili oldugu
gorilmektedir.

Sekil 2: %1 Konsantrasyonda EcoAL 20A kullanilarak 60 sn’de gergeklestirilen Chrome Free 6n islemi ile
gerceklestirilen kataforez kaplamalarin kuru yapisma, su ve nem direnci sonrast Cross Cut gorintiileri

3. SONUC

Chrome Free yiizey hazirliklart sonrasi AAS5754 Aliiminyum alagimma uygulanan Kataforez
kaplamalar, basarili bir sekilde iiretilmistir. Kaplamalarda optimum en yiiksek kalinliga 38,15 pm ile 60
sn Chrome Free siiresinde ulasildi. Su ve Nem direnci testleri sonras1 uygulanan Cross Cut islemi
sonrasinda ylizeyde herhangi bir siyrilma gézlenmemistir. Bu sonuglar, Chrome Free yiizey hazirliginin
su ve nem direnci agisindan basarili oldugunu gostermektedir.

Tiim test sonuglari incelendiginde, Chrome Free ylizey hazirliginin geleneksel fosfatlamaya kiyasla
daha yiiksek kaplama kalinlig1 ve yapisma mukavemeti sagladigi goriilmistiir. Ayrica, Chrome Free 6n
islemiyle elde edilen kaplama kalinliginin fosfatlama islemine gore daha kisa siirede gerceklesmesi,
endiistride seri tiretim i¢in daha uygun bir secenek sunmaktadir. Bu bulgular, endiistriyel kaplama
sektdriinde yeni bir yontem olarak Chrome Free yiizey hazirliginin daha etkili ve verimli bir kaplama
stirecini miimkiin kildigini géstermektedir.
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Abstract

An Organic Rankine Cycle (ORC) is a closed-loop thermodynamic cycle. It is similar to the traditional
Rankine cycle, except that ORC tends to use organic fluid with a boiling temperature typically lower
than water at atmospheric pressure (<100 °C). An Air-Cooled Condenser (ACC) is a part of an ORC
used for condensation through heat rejection. However, an ACC is very prone to changes in ambient
temperatures. In countries like Tiirkiye, the ORC performance and efficiency vary from season to season
due to changes in the performance of the ACC. In the summer, the condenser's performance degrades
when the ambient temperature reaches 40 °C or slightly more in some regions. Therefore, the overall
cycle efficiency of the ORC also degrades. The study used the Computational Fluid Dynamics (CFD)
method to analyse the ACC rejection capacity by acquiring the temperature drop of organic fluid at
different air velocities at different ambient temperatures. The temperature drop was utilised to obtain
the ACC's heat rejection capacity, which is crucial for figuring out cycle efficiency. The findings
demonstrated that when air velocity is increased from 1 m/s to 8 m/s at ambient temperatures of 40, 35,
and 30 °C and an organic fluid flow velocity of 0.3 m/s, the average percentage increase in heat rejection
capacities was 2.67%, 2.39%, and 3.11%, respectively. For an organic fluid velocity of 0.5 m/s, the
average percentage increase in heat rejection capacities was 4.73%, 5.02%, and 5.65%, respectively.
This suggests that the ACC's ability to reject heat is enhanced by an increase in air velocity. An increase
in heat rejection capacity leads to the enhancement of effective condensation of the organic fluid,
eventually leading to an enhanced ORC cycle efficiency. However, the increment happens at a certain
limit of air velocities; the heat rejection capacity will remain constant beyond that limit. It was also
found that the alternative method of enhancing the ACC performance is to lower the flow rate of the
organic fluid. However, this will result in lower output power, eventually leading to lower overall
efficiency for the ORC.

Keywords: Air-Cooled Condenser, Organic Rankine Cycle, Computational Fluid Dynamics, Air Flow
Velocity, Heat Rejection Capacity, Cycle Efficiency

1. INTRODUCTION

Tiirkiye has been utilizing several types of renewable energy resources with the help of the Organic
Rankine Cycle (ORC) system to generate power. Geothermal power plants are the most common power
plants using ORC systems to generate power. For instance, until 2021, up to 3% of the total power
generation in Turkey has been contributed by geothermal power (Global Data, 2023). Manisa and Aydin
are the most well-known cities in Tiirkiye and have many geothermal power plants. Therefore, there is
a greater need to optimize the efficiency of ORC systems to enhance power production in geothermal
power plants and other power plants that use ORC systems. One of the most important components of
an ORC is a condenser. A condenser cools and condenses the organic fluid in ORC through heat
rejection. In this study, the main focus is to analyze the Air-cooled type of condenser (ACC)
performance since, in recent years, ACC has become more popular than water-cooled condensers due
to its ability to reject heat without wasting a single drop of water. However, during peak summer seasons,
the ORC systems, especially those utilizing ACCs, possess very low efficiencies due to difficulty
rejecting heat from the organic fluid. This is due to high ambient temperatures, which lowers the overall
efficiency of the cooling process. Different studies have been done to analyze this case (Davies &
Hrnjak, 2018), (Xue et al., 2011), (Baweja & Bartaria, 2013), (Kunke, 2017), (Deng et al., 2020), (Wei
et al., 2007), (Yang et al., 2017) and (Wang et al., 2023). One of the findings was that the increase in
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condenser temperature due to high ambient temperatures has a negative effect on the overall efficiency
of the expander, and As a result, the ORC system produces less electric power when the condenser
temperature rises (Wei et al., 2007). Another study indicated that when the wet-bulb temperature is 3
°C, net power and net efficiency were observed to be 8.21 kW and 11.6%, respectively. When the wet-
bulb temperature was 31.35 °C, the net power and net efficiency were observed to be 3.64 kW and 6%
respectively (Wang et al., 2023). Last but not least, another finding indicated that an increase in air
temperature from -5 to 0 °C increased condenser power consumption by 0.107% and decreased the
power plant output power by 0.246%. However, when the air temperature increases from 10 to 21°C,
there is an increase in condenser power consumption of about 6.54% and a decrease in output power of
about 20.66% (Keshvarparast et al., 2020). Several works have also been done to enhance the
performance of ACC to deliver highly efficient heat rejection capacities (Zhao et al., 2018), (Zhu et al.,
2021), (Keshvaraparst et al., 2020), (Lin et al., 2020) and (He et al., 2014). For instance, in a combined
thermal power system, to achieve optimum efficiency, the speed of the condenser fans must be adjusted
to deliver enough mass flow rate of air to achieve the heat rejection capacity. It was found that with a
rise of the ambient temperature of 304K to 308K, the mass flow rate of air required to achieve the
optimum heat rejection should be raised from 416.2 kg/s to 733.4 kg/s (He et al., 2014). Another work
focused on adjusting the fins’ geometry to acquire the optimum initial temperature difference (ITD). It
was found that optimized plain fins with a height of about 30.48 mm, fins spacing of 1.27mm, and
thickness of 0.254 mm gave the highest efficiencies in both Rankine Cycle Power Plant (34.03%) and
Combined Cycle Power Plant (53.52%) (lin et al., 2020). However, unlike the previous studies, this
current study focuses on using the Computation Fluid Dynamics (CFD) to enhance the performance of
ORC systems by examining the ACCs' ability to reject heat at high temperatures while operating at
various air velocities. This ACC airflow analysis will help ACC design engineers to design highly
efficient ACCs that can deliver overall high efficiency in the ORC systems despite the rise in ambient
temperatures.

2. MATERIAL AND METHOD

The general method used in this study is the CFD method. Computational Fluid Dynamics (CDF) can
be defined as one of the branches of fluid mechanics that deals with studying and analyzing the behavior
of fluid properties using numerical methods. The study and analysis of fluid behavior can be a very
challenging and complicated process. In computational fluid dynamics (CFD), there are three key
phases: pre-processing, solving, and post-processing. The figure below depicts the CFD method's flow
chart;

| I ]

Figure 1: The main stages of Computational Fluid Dynamics

2.1. Conceptual Design of ACC tubes

This research considers the use of cross-flow ACCs consisting of finned tubes. The performance analysis
of the overall ACC is not possible due to the size of the ACC, which cannot be done using the available
academic version of the CFD tool. Therefore, the analysis will be done by considering only 4 finned
tubes with similar dimensions, each having 6 meters of length and 350 spiral fins. The full dimensions
of the tubes are given in the table below;

83



\I/ . .. .
-S.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Table 1: Design Parameters of the ACC

Name of Parameter Value
External Diameter of the tube 60.00 mm
Tube thickness 2.00 mm
Length of the fins 20.00 mm
Thickness of the fins 2.00 mm
Pitch 16.60 mm
Number of Fins per tube 350
Pipe Material Steel
w01 Ty

— i 4

3 20mm k—

Figure 2: Side View and Front View of the ACC Pipe with Dimensions

2.2. Geometrical Design and Set-up

The geometry for simulation was designed by considering the real-time setup of condenser tubes in a
cross-flow ACC. Four tubes were designed with 6000 mm length and 60mm diameter. The tubes
contained helix fins with a depth of 20mm, thickness of 2mm, and a pitch of 16.6 mm, totalling 350 fins
for each pipe. Each pipe is separated from the other by a length of 110 mm from their centres

Figure 3: The Geometric Set-up Design of the Simulation

2.3. Meshing and Mesh Dependence Study
This analysis used the automatic meshing process, which involves assigning the global element size and
further mesh tuning using edge size and inflation layers. Generally, having a finer mesh ensures more

84



\I/ . .. .
'5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

accurate results; however, this increases the computation effort and costs. The best way to acquire
efficient computational effort and cost without compromising the quality of the results is by conducting
the mesh independence test.

Figure 4: Fully Meshed Geometrical Set-up of the ACC

Table 1: Mesh Dependence Study Results

Case No. Number of Elements Outlet Temperature (tube | Outlet Temperature
1 and tube 2) (tube 3 and tube 4)

1. 3879921.00 54.30 51.35

2. 4056394.00 53.55 52.09

3. 6192148.00 51.35 48.43

4, 6429851.00 51.40 48.90

5. 6620330.00 51.60 48.45

In cases 4 and 5, the outlet temperatures from tubes 1 and 2 differed by 0.39%, and from tubes 3 and 4
differed by 0.92%. Therefore, the mesh related to case number 4 was selected since it has been proved
to show high mesh independence compared to the previous cases, i.e., cases 1, 2, and 3. At the same
time, it contains a reasonable number of elements enough to reduce the computational effort compared
to the later case, i.e. case 5.

2.4. Material Selection & Boundary Condition Set-up
Table 2: Table of Materials

| Domain | Selected Material | Reasons for Selection
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Organic Fluid n-Pentane Vapor | Stable at high temperatures, higher saturation

Domain temperatures, and lower freezing points.

Air Domain Air -

Tubes’ Domain Steel High conductivity, resistance to rust, stable at high
temperatures.

Fins’ Domain Aluminium Very high conductivity, lesser weight, stable at high
temperatures.

I

Air Inlet Velocity = 1,2,3,4,5,6,7 and 8 /s
Air Inlet Temperature - 30, 35, 40 ¢C

nm EE—— 2 ‘/I\. : nz ez oz e % ‘/1\. S

!

Figure 5: Air Inlet Boundary Condition Figure 6: Air Outlet Boundary Condition

e

Figure 7: Organic Fluid Inlet Boundary Condition Figure 8: Organic Fluid Outlet Boundary Condition

o e ‘/k &

o 0

Figure 9: Tubes’ Wall Boundary Condition Figure 10: Fins” Wall Boundary Condition
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Table 3: Results Validation Table
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Study Condition 1 Condition 2
Super-heated | Vaporization | Efficiency 1 | Super-heated Vaporization | Efficiency 2
Temperature 1 | Pressure 1 Temperature 2 Pressure 2

Ata, 100 °C 400 kPa 12.42% 80 °C 250 kPa 9.79%

Kahraman

& Sahin

(2019)

Current 100 °C 100 kPa 12.07% 80 °C 250 kPa 9.46%

Study

3. RESULTS

Velocicy (ms)

(a

(b)

(©)

Figure 11: The relationship between the organic fluid outlet temperature and an organic fluid velocity of 0.3 m/s
under different air temperatures: (a) 40 °C, (b) 35 °C, and (c) 30 °C."

TheGraph of Oulet Temperature Vs Al Velociy
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Figure 12: The relationship between the organic fluid outlet temperature and an organic fluid velocity of 0.5 m/s
under different air temperatures: (a) 40 °C, (b) 35 °C, and (c) 30 °C
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Figure 13: The relationship between the organic fluid outlet temperature and an organic fluid velocity of 0.1 m/s
under different ambient temperatures: (a) 40 °C, (b) 35 °C, and (c) 30 °C

Figures 11, 12 and 13 provide an overview of the outcomes from the ANSY'S simulation programme.
The findings indicate that the organic fluid's outlet temperature decreased as air velocity increased but
the organic fluid's velocity remained constant at 0.3 m/s. The temperature drop, however, decreases with
increasing air velocity until it reaches a point where an increase in air velocity has no effect on it.
Maintaining the organic fluid velocity at 0.5 m/s also produced this effect. Nonetheless, for all air
velocity values, the temperature loss was less at 0.5 m/s organic fluid velocity than it was at 0.3 m/s.
Furthermore, the temperature differential was caused by a very quick temperature drop when the organic
fluid velocity was maintained at 0.3 m/s.

“The Heat Rejection Capacity Varia
Organic Fluld Velocities of 0.1, 0.3 and

@ (b) ©

Figure 14: The relationship between the heat rejection capacity of the ACC and the organic fluid velocities of
0.1, 0.3, and 0.5 m/s is examined at air temperatures of (a) 40°C, (b) 35°C, and (c) 30°C

Figures 14 demonstrates that when air velocity is increased from 1 m/s to 8 m/s at ambient temperatures
of 40, 35, and 30 °C and an organic fluid flow velocity of 0.3 m/s, the average percentage increase in
heat rejection capacities was 2.67%, 2.39%, and 3.11%, respectively. For an organic fluid velocity of
0.5 m/s, the average percentage increase in heat rejection capacities was 4.73%, 5.02%, and 5.65%,
respectively. This suggests that the ACC's ability to reject heat is enhanced by an increase in air velocity.
An increase in heat rejection capacity leads to the enhancement of effective condensation of the organic
fluid, eventually leading to an enhanced ORC cycle efficiency. However, the increment happens at a
certain limit of air velocities; the heat rejection capacity will remain constant beyond that limit. It was
also found that the alternative method of enhancing the ACC performance is to lower the flow velocity
of the organic fluid. For instance, it was seen that when the organic fluid velocity was 0.1 m/s, the
maximum temperature drop was reached at all air velocities starting from 1 m/s to 8 m/s. This implies
that the maximum possible heat rejection capacity was acquired when the organic fluid velocity was too
low. Despite acquiring maximum heat rejection capacity from the ACC, keeping low organic fluid
velocities will result in lower output power, eventually leading to lower overall efficiency for the ORC.
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4. CONCLUSION

Computational fluid dynamics was successfully used to analyse the performance of ACC in ORC. The
goals acquired during this study involve acquiring organic fluid outlet temperatures from the ACC by
varying the air velocities and air temperature. The study also managed to calculate the heat rejection
capacities of the ACC using the acquired outlet temperature and with the help of ORC thermodynamics
equations. The study also revealed that different studies had been conducted previously that focused on
how to improve the efficiencies of both ORC and ACC in power production. However, the current study
focused on analysing the performance of ACC in ORC during high ambient temperatures using air
velocity as the main variable. In this analysis, the air velocity was continuously changed from low to
high; simultaneously, the temperature drop of the organic fluid in the ACC was observed. The results of
this study were that when the air velocity was increased, the temperature of the organic fluid also
increased, causing an increase in heat rejection capacity. Therefore, it can be concluded that, during
high-temperature conditions, the overall cycle efficiency of the ORC can be improved by ensuring high
heat rejection capacities are delivered by ACC through the increase of air velocity. However, the results
also revealed that this increase in heat rejection capacity occurs to a certain limit of air velocity; the
temperature drops and as a result, the heat rejection capacity will remain constant beyond that limit. The
study of the results also revealed that at a very low velocity of the organic fluid, the temperature drop
and the heat rejection capacity were very high (to near maximum). This has further led to the conclusion
that, in extreme ambient temperature conditions, where an increase in air velocity will not provide
sufficient heat rejection capacity, lowering the velocity of organic fluid will improve the performance
of ACC. However, there is a cost for that: the turbine's total net efficiency will decrease, resulting in a
reduced output power.
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Ozet

Dogalgaz, organik maddelerin yeryiiziiniin alt katmanlarinda milyonlarca yildir siiregelen kimyasal
ayrismast sonucunda olusmus, renksiz, kokusuz ve cesitli hidrokarbonlardan olusan yanici bir gaz
karigimidir. 2. Diinya savasi sonrasi ve 0zellikle 1973 Petrol Krizi'nin ardindan, tiim Diinyada dogalgaz
dagitim sebekelerinin giiclendirilmesiyle dogalgaz kullanimi daha yaygin hale gelmistir. Gilinlimiiz
sanayi sektorlerinin giderek biiylimesi, dogalgazin cevreci, giivenli ve ekonomik olusu sebebiyle,
dogalgaz dagitim hatlarina olan ihtiya¢ her gecen giin artmaktadir. Dogalgaz borularinin birbirine
birlestirilmesinde en c¢ok elektrik ark kaynagi tercih edilmektedir. Bu calismada, saha kosullarinda
yapilan dogalgaz boru kaynaklarinda kullanilan elektrotlarin temiz ve kuru olmadigi durumlarda,
kaynaga ne gibi zararlar verebilecegi ve ne tiir hatalara sebep olabilecegi arastirilmistir. Ayrica,
seliilozik ve bazik elektrotlarla boru kaynagi yaparken uygulanmasi gereken akim degerinin altinda ve
istiinde akim degerleri kullanildiginda, kaynak dikisinde ne gibi etkilerin olusabilecegi de
arastirllmistir. Seliilozik elektrotlarla kaynak yaparken 40A, 70A ve 85A, bazik elektrotlarla kaynak
yaparken ise 65A, 75A ve 85A akim degerleri kullanilmigtir. Olugturulan 12 farkli deney kosulluyla
dogalgaz borular1 kaynak edilmis ve kaynak dikislerinin X-ray rontgen cihaziyla 3 tekrarli olacak
sekilde cift cidar tek goriintii filmleri ¢ekilmistir. Toplamda 36 adet film iizerindeki kaynak dikisleri
incelenerek yorumlanmistir. incelemeler sonucunda, 70A akim kullamlarak temiz seliilozik elektrotla
(S-70A-T) yapilan boru kaynaginda herhangi kaynak hatasina rastlanilmazken, en ¢ok kaynak hatasi
diisitk amperde kirli bazik elektrot (B-65A-K) kullanilarak yapilan boru kaynaginda goriilmiistiir.

Anahtar Kelimeler: Elektrik ark kaynagi, ortiilii elektrotlar, tahribatsiz muayene yontemleri,
radyografik muayene, dogalgaz borulari

RADIOGRAPHIC INSPECTION OF NATURAL GAS PIPES COMBINED WITH
ELECTRIC ARC WELDING

Abstract

Natural gas is a colorless, odorless and flammable gas mixture consisting of various hydrocarbons,
formed as a result of the chemical decomposition of organic substances in the lower layers of the earth
that has been going on for millions of years. After World War Il and especially after the 1973 Qil Crisis,
the use of natural gas became more widespread with the strengthening of natural gas distribution
networks all over the world. Due to the gradual growth of today's industrial sectors and the fact that
natural gas is environmentally friendly, safe and economical, the need for natural gas distribution lines
is increasing day by day. Electric arc welding is most preferred when combining natural gas pipes
together. Inthis study, it was investigated what kind of damage and errors may cause when the electrodes
are not clean and dry in natural gas pipe welding under field conditions. Moreover, when pipes welding
with cellulosic and basic electrodes, it was also investigated what kind of effects may occur on the weld
seam when current values below and above the required current value. When welding with cellulosic
electrodes, 40A, 70A and 85A current values were used, and when welding with basic electrodes, 65A,
75A and 85A current values were used. Natural gas pipes were welded by 12 different experimental
conditions, and double-wall single-image films of the weld seams were taken with the X-ray device in
3 repetitions. Weld seams on a total of 36 films were examined and interpreted. As a result of the
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inspections, no welding errors were observed in pipe welding with the clean cellulosic electrode (S-
70A-T) using 70A current, while the most welding errors were seen in pipe welding with the dirty basic
electrode (B-65A-K) at low amperage.

Keywords: Electric arc welding, coated electrodes, non-destructive testing methods, radiographic
inspection, natural gas pipes

1. GIRIS

Kaynak; farkli malzemeleri 1s1 veya basing uygulayarak ilave bir metal kullanarak veya kullanmadan
yapilan sokiillemez birlestirme veya dolgu islemlerine denir (Gelis, 2014). Kaynak igslemi genellikle
endiistriyel alanlardaki metal parcalarin birlestirmelerinde kullanilmaktadir. Metal malzemeleri bir
araya getirilerek bir biitiin olusturmasini saglayan kaynak isleminin mutlaka uzman kisiler tarafindan
yapilmasi gerekmektedir (Anik, 1975). Metalleri birlestirmek i¢in kullanilan en yaygin kaynak islemi
elektrik ark kaynagidir. Elektrik arkindan elde edilen 1sinin uygulanmasiyla, iki metal parga arasindaki
temas yiizeyi eritilir ve araya erimis bir dolgu metali eklenir. Kaynak bolgesi i¢in gereken sicaklik
5000°C’nin ¢ok tizerindedir. Yiiksek sicaklik degerleri kaynak edilecek pargalarla kaynak dikisi
boyunca hareket ettirilen elektrot arasinda olusan elektrik arki vasitasiyla elde edilir. Kaynak eriyik
havuzunun sogumasi ve katilagsmasi sonrasi metalurjik bir bag olusur ve bu bag ile kaynaklanan metaller
ayn1 mukavemettedir (Pehlivan, 2020).

Endiistriyel sektorlerde borular ¢ok farkli amagclar i¢in kullanilsa da en temel kullanim alani sivi ve
gazlarin taginmasidir. Borularin birlestirilmesinde genellikle oksi-asetilen kaynag1 tercih edilmektedir.
Fakat biiyik capli ve kalin borulart oksi-asetilen kaynagiyla birlestirilmesinde yeterli dayanim
saglanamayabilir. Bu sebepten et kalinligi 2 mm’nin tizerinde olan borularin birlestirilmesinde elektrik
ark kaynagi kullanilmaktadir. Kaynakla birlestirilen borularin kaynak dikisi temizlendikten sonra gozle
muayene iglemleri yapilir. Bu muayenede; kaynak bolgesinin sekli, kose baglanti kisimlari, kaynak
bolgesinde ciiruf veya goézenek olup olmadigi, dikis baslangig ile bitig yerleri ve her pasonun baslangi¢
yerindeki uyumu saglayip saglamadigi mutlaka kontrol edilmelidir (Adsan, 1991; Ozkara, 1998).
Dogalgaz borularinin kaynakla birlestirilmesinde ise durum daha da kritiktir. Bir¢ok fiziki olgunun
birlikte ele alinmasi1 ve degerlendirilmesi gerekmektedir. Dogalgaz borularmin kaynag: ilk olarak
borularin iiretimiyle baslar ve bu siire¢ borularin ug uca birlestirilmesiyle devam eder. Kaynak dikislerin
tahribatsiz muayeneleriyle de son bulur (Adin, 2021).

Literatiirde farkli yontemlerle kaynak edilmis dogalgaz borularin tahribatsiz muayeneleriyle ilgili
yapilmig ¢alismalar oldukg¢a simirlidir. Tahribatsiz muayene yontemlerinden gama radyografi, malzeme
icindeki hatalarin tespit edilmesinde olduk¢a hassas olmasi nedeniyle olduk¢a yaygin kullanilir. Gama
radyografi tekniginde, iyonlasmis radyasyonun niifus etme ozelligi kullanilarak malzemeye zarar
vermeden kaynak hatalari tespit edilip olas1 kazalar 6nlenmis olur. Yasar, ¢alismasinda ¢elik dogalgaz
borularmin gaz alti kaynagiyla yapilan birlestirmelerini gama radyografi metoduyla incelemistir.
Kaynak dikislerinin radyografik muayenesini, EN 1435'e gére yapmis ve TS EN 5817 standardina gore
degerlendirmistir. incelemeler sonunda, en sik karsilasilan hatalarin, gaz boslugundan kaynaklanan
gbzenek hatalari ile cliruf kalintilarindan olusan hatalar oldugunu tespit etmistir (Yasar, 2010).

Yine Salma, calismasinda bes farkli tahribatsiz muayene yontemini kullanarak avantaj ve
dezavantajlarim karsilagtirmigtir. Ayrica, dogalgaz sebekelerinde kullanilan malzemeleri ve kaynak
yontemlerini de incelemistir. Kaynak dikislerini eksen boyunca gama radyografi teknigiyle taramis ve
kaynak hatalarini belirlemistir. Yaptig1 incelemeler sonunda, gézenek hatalar1 ve ciiruf kalintilarinin
oldukga fazla oldugunu goézlemlemistir (Salma, 2011). Benzer sekilde Kaba calismasinda, dogalgaz
borulariim kaynak dikislerine radyografik muayene uygulamistir. Caligmasinda X 1511 ve gama 1s1n1
cihazlar1 kullanarak borularin ¢ok sayida filmlerini ¢ekmistir. Filmlerdeki degisik kaynak hatalarini
tespit ederek bu hatalarin API 1104 standardina goére uygunlugunu degerlendirmistir. Hatalarin
genellikle gaz boslugundan kaynaklanan gozenek hatalar1 oldugunu belirtmistir (Kaba, 2009).

Akat, ¢calismasinda 1900'lii yillardan beri kullanilmaya devam eden klasik radyografi (Gama ve X-ray)
yontemlerine alternatif olarak kullanilabilecek Dijital Radyografi metodunun 6n arastirmalarini
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yapmustir. Saha sartlarinda uygulanabilirligi, elde edilen goriintii kalitesi, maliyet ve igslem hizi agisindan
karsilastirmalarini yapmistir. Gergek zamanh film degerlendirmelerinin, eski radyografi yontemlerine
gore hiz kazandiriyor olmasinin proje takvimi {izerindeki etkilerinin olumlu oldugunu belirtmistir.
Sonug olarak dijital radyografi yonteminin goriintii kabiliyetinin yiiksek olmasi ve bilgisayar ortaminda
filtreleme yaparak goriiniirliigii arttirmasiyla birlikte kaynak hatalarini1 yakalamadaki kabiliyetinin ¢ok
yiiksek olmasi, aninda erisim saglamaya imkan vermesi, diger yontemlerdeki sarf malzemelerini ve
proje sonrasi depolama maliyetlerini ortadan kaldirmasi, daha kiigiik bir ekiple operasyonun
gergeklestirilebilmesi, hizli ve giivenilir bir yontem olmasi ve belirtilmis olan maliyeti diisiiriicii
sebeplerle birlikte saha uygulamalarinda tercih edilmesini 6nermistir (Akat, 2023).

Uslu yaptig1 ¢alismada, sanayideki kaynak operasyonlarinda malzeme sarfiyati, zaman, performans ve
kalite gibi konularda yararli olmasi bakimdan bir optimizasyon programi gelistirmeyi amaglamistir.
Optimizasyon caligmasinda; elektrik ark, MIG (metal inert gaz), MAG (metal aktif gaz) ve TIG
(tungsten asal gaz) kaynak yontemlerine ait kaynak isleme parametrelerini degistirmenin yani sira
literatiirde ve uygulamada belirlenen ideal elektrik ark kaynak parametrelerini belirleyerek bir veri
tabani olusturmustur. Hazirlamis oldugu bu veri tabaniyla birlikte calisan programda; kaynak yapilacak
malzemeler, ortam, sicaklik gibi parametreler girilerek optimum diizeydeki isleyisin hangi sartlarda
gerceklestigini belirlemistir. Ayrica, kaynak dikisinde olusabilecek ¢atlama ve kopma gibi hatalardan
dolay1 gerceklesebilecek kazalar da azaltmistir (Uslu, 2010). Yine, Angigiin ¢alismasinda, kaynakli
birlestirmelerin metaliirjisi, mekanik 6zellikleri ve 1s1l islemleri hakkinda genel bilgiler vermistir. Daha
sonra diisiik alasimli bir dogalgaz borusuna yapilan kaynakli birlestirmeye uygulanan 1sil islemleri
detayli olarak ele almistir (Angigiin, 1996).

Harman yaptig1 ¢alismada, QSTE 420 TM c¢eliginin kaynakli birlestirmeden sonra da devam ettirilebilir
olmasi icin farkli kaynak ydntemlerinde kaynaklanabilirligini arastirmigtir. Deneysel calismasinda
kaynaklanabilirlik parametrelerini; malzeme tiirii ve kalinhigi, kaynak yontemi, ilave kaynak telinin
kimyasal kompozisyonu ve 1s1 girdisi (kaynak hizi, paso sayisi, paso tiirii ve elektrot ¢api, akim, gerilim)
olarak belirlemistir. Bu parametrelerin optimum bi¢imde belirlenmesiyle kaynak yontem prosediirlerini
(pPWPS) olusturmustur. Bu prosediirlerde QSTE 420 TM saclar1 3 grup altinda sirasiyla metal aktif gaz
(MAG ozlii tel ve masif'tel), TIG, elektrik ark kaynagi (E) yonteminde alin kaynagi iglemleri yapmustir.
QSTE 420 TM saclarimin kaynaklanmasinin en iyi sac kalinliklarini; TIG’de 2,5 mm, MAG’da 4 mm
ve E’de 8 mm olarak tespit etmistir (Harman, 2019).

Akoglanoglu ¢alismasinda, elektro-eritme kaynagi ile -30 °C ile 30 °C arasindaki on bir farkli sicaklikta
ayni seride iiretilmis olan manson ve borular1 birlestirerek numuneler {iretmistir. Elde ettigi numunelere
TS ISO 13954, TS I1SO 13955, TS ISO 13956 ve TS EN 1555-3 standartlarinda tanimlanmis test ve
Olgtimler uygulamstir. Testler sonucunda -18 °C ile 18 °C aras1 ortam sicakliklarinda yapilan elektro-
eritme kaynaklarinin en iyi mukavemet sonuglarinin elde edildigi ¢evre sicakliklari olarak tespit etmistir.
Bu sicakliklarin digindaki ortam sicakliklarinin elektro-eritme kaynagi ile birlestirme iglemi i¢in uygun
olmadigimi belirlemistir. Ayrica, dogalgaz transfer hatlarindaki toprak katmanlarindaki sismik
hareketlerin neden oldugu esneme, biikiilme ve burulma gibi istenmeyen durumlarin olusturdugu
tahribatlarin hat giivenirlikleri iizerinde biiyiik etkilere sahip oldugu sonucuna varmistir (Akoglanoglu,
2014). Benzer sekilde, Ozaltun yaptigi caligmada, genel olarak dogalgaz boru hatlarinda hasar olusum
sebeplerini ve hasarlarin kaynak yontemlerini kullanarak tadilat esaslarini arastirmistir. Hem korozyonlu
bolgelere kaynak metal yigilmasi, hot-top teknigi ve astarlama teknigi gibi servis sirasinda tamirat
yontemleri hem de baglanti teknigi gibi servis dist kalmis boru hatlarinda tamirat yontemlerini
incelemistir. Sonug olarak, diger kaynak yontemlerine nazaran ortiilii elektrotlu ark kaynagi ve gaz alti
ark kaynak yontemleri hem servisteki hem de servis dis1 kalmig olan boru hatlarinin tamiratinda daha
basarili sekilde uygulanabildigini belirtmistir (Ozaltun, 1999).

Bu calismada, seliilozik ve bazik elektrot olmak iizere iki farkli cinste ortiilii elektrot kullanarak saha
kosullarinda yapilan dogalgaz boru kaynaklarinda kullanilan elektrotlarin temiz ve kuru olmadigi
durumlarda kaynaga ne gibi zararlar verebilecegi ve ne tiir hatalara sebep olabilecegi aragtirilmistir.
Ayrica, seliilozik ve bazik elektrotlarla boru kaynagi yaparken uygulanmasi gereken akim degerinin
altinda ve tstiinde akim degerleri kullanildiginda, kaynak dikisinde ne gibi etkilerin olusabilecegi de

93



\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

arastirilmistir. Bunun i¢in seliilozik elektrotlarla kaynak yaparken 40A, 70A ve 85A, bazik elektrotlarla
kaynak yaparken 65A, 75A ve 85A akim degerleri kullanilmistir. Olusturulan 12 farkli deney kosulluyla
dogalgaz borular1 kaynak edilmis ve kaynak dikislerinin X-ray rontgen cihaziyla 3 tekrarli olacak
sekilde cift cidar tek goriintii filmleri gekilmistir. Toplamda 36 adet film iizerindeki kaynak dikisleri
incelenerek yorumlanmustir.

2. BORU KAYNAK HATALARI VE TAHRIBATSIZ MUAYENES]

2.1. Dogalgaz Borularindaki Kaynak Hatalar

Elektrik ark kaynagiyla dogalgaz borularinin birlestirilmesinde; borunun capi, tasidigi gazin veya
stvinin basinel, boru malzemesinin kimyasal bilesimi ve borunun ¢alisma kosullar1 dikkat edilmesi
gereken hususlardir (Adsan, 1991; Ozkara, 1998). Dogalgaz borularmin elektrik ark kaynaginda kaynak
agz1 mekanik islemle acilmalidir. Kaynake1, kaynagin durumunu goéz 6niinde bulundurularak ark boyu,
hiz ve elektrot yonlendirmesiyle niifuziyeti ayarlamalidir. Ark kararliligi, niifuziyet derinligi, dolgu
orant ve pozisyonda kullanilabilme yetenegi elektrot ortiisiiniin kimyasal bilesiminden biiyiik dl¢lide
etkilenir. Elektrik ark kaynaginda radyografik kalitede kaynak istenildiginde taktirde bazik karakterli ve
seliilozik karakterli elektrot olmak iizere iki farkli secenek bulunmaktadir. Ortiilii elektrotlardan
seliilozik elektrotlarin temel 6zelligi daha hizli ve daha iyi erdiklerinden niifuziyeti daha iyi saglarlar.
Ciiruf tabakasi ince oldugu durumlarda yukaridan asagiya diisen pozisyonda kaynak yapma olanagin
saglar. Bazik elektrotlar ise yliksek akim gerektiren kalin parcalar ve yiiksek mukavemet istenen koprii,
biiyiik celik konstriiksiyonlar ve boru hatlarinin kaynaklanmasinda daha uygundur (Dogan, 2021).
Uygun sartlar saglanmadig taktirde boru kaynaklarinda hatalar meydana gelmektedir. Bunlar; pasolar
arasinda bosluk olusmasi, dikis kalinliginin yetersiz olmasi, dikis genisliginin yetersiz olmasi,
niifuziyetin saglanmamasi, borularin eksenlerinin kagik olarak kaynatilmasi, dikisin parcalar tizerine esit
miktarda olmamasi ve kaynak yerinde delik ve ciiruf kalintilarinin olusmasidir (Adsan, 1991; Ozkara,
1998).

2.2. Dogalgaz Borularindaki Kaynak Dikislerinin Radyografik Muayenesi

Yiiksek enerjili elektromanyetik dalgalar cogu malzemeye niifuz edebilirler. Belli bir malzemeye niifuz
eden 151n1m malzemenin diger tarafina konan 1ginima karsi duyarli filmleri etkiler. Bu filmler daha sonra
banyo islemine tabi tutuldugunda iginimin i¢inden gegen malzemenin i¢ yapisinin goriintiisii ortaya
¢ikar. Bu goriintii, malzeme igindeki bosluklar veya kalinlik / yogunluk degisiklikleri nedeniyle olusur.
Malzemenin i¢ yapisinin bu sekilde goriintiilenmesine radyografi denir. Bu yontemle yapilan
degerlendirmeye de radyografik muayene denir. Eger malzemenin arka tarafina film yerine bir detektor
konup malzemeden gecen 1s1nim toplanarak bir monitdre aktarilirsa bu teknik de radyoskopi olarak
adlandirilir (Goniil, 2020). Sekil 1’de X 1511 ile yapilan radyografi sematik olarak goriilmektedir
(Komut, 2018).

Radyografik muayene i¢in ¢esitli 1is1mim kaynaklar1 kullanilmaktadir. Bu kaynaklar X-1s1n1 tiipleri veya
gama (y) 151m iireten izotoplardir. Endiistriyel radyografide kullanilan X-151m1 enerji aralig1 genellikle
50 kV — 350 kV arasindadir. Isinlama enerjisi 1sinlanacak malzemenin cinsine ve kalinligina bagl olarak
degisir. En ¢ok bilinen ve kullanilan gama kaynaklari ise Ir 192 ve Co 60’tir. Bunlardan baska Se 75,
Yb 169 ve Tm 170 gibi izotoplar da endiistriyel radyografi alaninda kullanilmaktadir (Goniil, 2020).
Boru dis ¢ap1 89 mm {izerinde olan borularda tek cidar teknigi ile radyografik film ¢ekilmektedir (Sekil
2). Tek cidar tekniginin uygulanamadig1 veya pratik olmadig1 durumlarda Cift cidar teknigi kullanilir.
Cift cidar goriintii i¢in kaynak tarafinda penetremetre kullanilir (Komut, 2018).

94



\I/ . .. .
'5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Yuksek Gerilim

~ Elektrons
- " l'
o adal
Sicak _A
flaman w—"'
. Hedef
Diyafram
Xigin
dementi
Bosgluk
Muayene
Kurgun %% ,/:774/’%//7';; 7, pargas
plaka %%, 7% x
Z 77 Film

Banyo
edilmig
' film
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Sekil 2: Borularmn radyografik film ¢ekim teknikleri: a) tek cidar (Kaba, 2009) ve b) ¢ift cidar (Yasar, 2010)

3. DENEYSEL METOT

Deneysel ¢alismalarda, Miller XMT 450CC/CV marka elektrik ark kaynak makinesi kullanilmustir. s
parcasi olarak 6 inglik ¢apa (168,3 mm dis ¢ap, 150 mm i¢ ¢ap ve 2,7 mm PE izole kilif kapli) ve 4,37
mm et kalinligina sahip API 5L Gr.B PSLI1 ticari sinifinda sicak haddelenmis karbon dikissiz ¢elik siyah
dogalgaz borusu kullanilmigtir. Dogalgaz borularmin elektrik ark kaynaginda, genellikle saha
uygulamalarinda borularin birbirine kaynaklanmasmda seliilozik elektrotlar kullanilirken, baglanti
elemanlarinin (fittings) kaynaginda ise genellikle bazik elektrotlar kullanilmaktadir. Bu sebeple, ortiilii
elektrot olarak 2,5 mm ve 3,25 mm c¢aplara sahip Lincoln marka seliilozik ve bazik elektrotlar
kullanilmistir. Tki farkli tip elektrotla temiz ve kirli kosullarda olmak iizere farkli 3 farkli elektriksel
kaynak parametrelerinde toplam 12 farkli deney kosulu olusturulmus ve deney kodlamasi yapilmistir.
Deney kodlamasinda S: seliilozik elektrot, B: bazik elektrot, T: temiz ve kuru elektrot, K: kirli ve nemli
elektrotu simgelemektedir (Tablo 1). Tablo 1’de yer alan kaynak akim degerleri, pratikte bu sif
dogalgaz borularinin elektrik ark kaynagiyla birlestirilmesinde kullanilan optimum degere gore
belirlenmistir. Yani, seliilozik elektrot icin olmasi gereken normal akim degeri 70 A iken, 40 A diisiik
akim degeri ve 85 A ise yiikksek akim degerini kurgulamaktadir. Benzer sekilde, bazik elektrot i¢in
olmasi gereken normal akim degeri 75 A iken, 65 A diisiik akim degeri ve 85 A ise yiiksek akim degerini
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temsil etmektedir. Buradaki temel amag; kullanilan elektrot tipine gére olmasi gereken akim degerinin
iistiinde veya altinda akim degerleri kullanildiginda kaynak dikisinin ne gibi etkilere maruz kalacaginin

tespitidir.

Tablo 1: Seliilozik ve bazik elektrotlarla farkli ortamlar ve farkli parametrelerle olugturulan deney kosullari
Kaynak akimi ve tipi Kaynagin yapildigi ortamdaki elektrot durumu Deney kodu
40 A — Dusuk Selilozik elektrot temiz ve kuru ortam S-40A-T
70 A—Normal Selilozik elektrot temiz ve kuru ortam S-70A-T
85 A — Yiiksek Selilozik elektrot temiz ve kuru ortam S-85A-T
40 A — Dusuk Selilozik elektrot kirli ve nemli ortam S-40A-K
70 A—Normal Seliilozik elektrot kirli ve nemli ortam S-70A-K
85 A — Yiiksek Selilozik elektrot kirli ve nemli ortam S-85A-K
65 A — Dusik Bazik elektrot temiz ve kuru ortam B-65A-T
75 A—Normal Bazik elektrot temiz ve kuru ortam B-75A-T
85 A — Yiiksek Bazik elektrot temiz ve kuru ortam B-85A-T
65 A — Dusik Bazik elektrot kirli ve nemli ortam B-65A-K
75 A—Normal Bazik elektrot kirli ve nemli ortam B-75A-K
85 A — Yiiksek Bazik elektrot kirli ve nemli ortam B-85A-K

Normal kosullarda gerceklestirilecek bir kaynak isleminde ortiilii elektrotun temiz ve kuru olmasi
gerekmektedir. Fakat, bazi durumlarda ortiilii elektrotlar yeraltinda kirlenme (yaglanma vb.) veya
yerlistiinde 1slanma (yagmur vb.) gevresel kosullardan 6tiirii kirlenmekte ve nemlenmektir. Bu gibi
sebeplerden dogalgaz borularinin kaynak islemlerinde ciddi derece hayati tehlike olusturabilecek
kaynak hatalar1 gergeklesebilmektedir. Saha ortaminda dogalgaz borusu kaynagi yapilirken gercek
ortam kosullarimi canlandirmak adina bu ¢alismada elektrotlar temiz-kuru ve kirli-nemli olacak sekilde
sartlandirilmigtir. Bunun igin elektrotlar 1 saat siireyle su icerisinde bekletilerek nemlendirilip daha
sonra gres yagi siiriilerek kirletilmistir (Sekil 3.a). Olmas1 gereken temiz ve kuru ortam igin ise
elektrotlar kurutma firininda 150° C’de kurutulduktan sonra kullanilmistir (Sekil 3.b).

Sekil 3: Elektrot sartlandirmast: a) elekot nemlendirme-kirletme ve b) TIT marka elektrot 1s1tma firminda
kurutma

Tablo 1’de belirtilen deney kodlarmma sahip kaynak islemlerine baglamadan 6nce 6 m uzunluga sahip
dogalgaz borusunun PE izole kilifi isitilarak soyulmustur (Sekil 4.a). Soyma igleminin ardindan birbirine
alin kaynagi yapilacak 200 mm uzunluga sahip boru pargalari kesilerek deney numuneleri hazirlanmigtir
(Sekil 4.b). Kesilen 200 mm’lik numune borularin bir kenarina 45 °a¢1 ve 2 mm agiz kalimligina sahip
V kaynak agzi agilmistir,
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Sekil 4:

Ik asamada kaynak agzi agilmis borular u¢ uca getirildikten sonra ii¢c noktadan puntalanarak
birlestirilmistir (Sekil 5.a). Ardindan kaynak makinesinde pense eksi kutba getirilerek kok paso kaynagi
yapilmis ve ¢apaklar fircalama islemiyle temizlenmistir (Sekil 5.b). ikinci asamada kaynak makinesinde
pense art1 kutba alinarak sicak paso kaynak yapilmis ve tekrardan ¢apaklar fir¢ayla temizlenmistir (Sekil
5.¢). Kok paso ve sicak paso asamalarinda 2,5 mm capa sahip elektrotlar kullanilmustir.

Ucgiincii asamada pense kutbu artida birakilarak dolgu paso yapilmis ve ¢apaklar fircayla temizlenmistir
(Sekil 6.a). Dordiincii agamada kapak paso yapilmis ve daha sonra firgalama yapilarak kaynak islemi
bitirilmistir (Sekil 6.b). Dolgu ve kapak paso asamalarinda ise 3,25 mm c¢apa sahip elektrotlar
kullanilmustir.
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i { o
Sekil 6: Kaynak tamamlama siiregleri: a) dolg

utpa.éz) ve b) l;épak paso
Belirtilen agsamalarla seliillozik ve bazik elektrotlar kullanilarak 12 farkli deney kosuluyla dogalgaz
borularinin kaynak islemleri gergeklestirilmistir. Saglikli bir kaynak iglemi i¢in bazik elektrot

kullanilarak yapilan kaynaklarda asagidan yukariya, seliilozik elektrot kullanilarak yapilan kaynaklarda
ise yukaridan asagiya kaynak metodu uygulanmistir.

Yapilan kaynak iglemlerinin ardindan 12 adet farkli kaynak dikisinin ICM SA-Belgium marka X-ray
rontgen cihaziyla 3 tekrarli olacak sekilde cift cidar tek goriintii filmleri ¢ekilmistir. Film ¢ekimi
esnasinda 5 mA tiip akimi ve 40 kV tiip gerilimi kullanilarak 10x24 cm boyutlara sahip Kodak Mx 125
film iizerlerine ¢cekimler gergeklestirilmistir. Cekilen filmler UGETAM San. Tic. A.S firmasinda yiiksek
kalitede taranip birlestirilmistir. Toplamda 36 adet film tizerindeki kaynak dikisleri tek tek incelenerek
kaynak kusurlar1 bakimdan yorumlanmuigtir.

4. BULGULAR VE TARTISMALAR

Selillozik ve bazik elektrotlar kullanilarak 12 farkli deney kosuluyla dogalgaz borularinin kaynak
islemlerinin ardindan X-ray rontgen cihaziyla gekilen filmleri (Sekil 7-Sekil 10) incelenerek
yorumlanmis ve kaynak hatalar1 tespit edilmistir.

4.1. Temiz ve Kuru Elektrotlarla Yapilmis Kaynaklarin Filmlerinin inceleme Sonuclar

Sekil 7.a’daki filmler yukaridan asagiya incelendiginde temiz seliilozik elektrot i¢in diigikk akim
degerinde (40A) yapilan kaynaklarda 5, 6 ve 25-28 arasi noktalarda kokte niifusiyetsizlik goriillmektedir.
15-17 aras1 noktalarda fazla metal yigilmas1 hatasi ile karsilagilmistir. 43-47 arasi noktalarda ise yanma
centigi hatast mevcuttur. 54 noktasinda kapak diisiikliigii hatasi goriilmektedir. Sekil 7.b’deki filmler
yine yukaridan asagiya incelendiginde, temiz seliilozik elektrot i¢in olmasi gereken normal akim
degerinde (70A) kaynak yapildig1 i¢in kaynak filminde herhangi bir kaynak hatas1 goriilmemistir. Sekil
7.c’deki filmlere bakildiginda, temiz seliilozik elektrot igin yiiksek akim degerinde (85A) yapilan
kaynaklarda 6 noktasinda kokte ¢entik hatasi, 8 ve 13 noktalarinda gézenek hatasi, 30 ve 37 noktalarinda
centik hatasi, 40 ve 43 noktalarinda ise konkavite hatasi goriilmektedir.
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(c)

Sekil 7: Temiz ve kuru seliilozik elektrtla yapilan kaynak dikigleri: a) S-40A-T, b) S-70A-T ve ¢) S-85A-T

()

Yine, Sekil 8.a’daki filmler yukaridan asagiya incelendiginde temiz bazik elektrot igin diisiik akim
degerinde (65A) yapilan kaynaklarda 7 ve 11 noktasinda gézenek hatas1 goriilmektedir. 14, 40, 46 ve
47 noktalarda ciiruf hatasi ile karsilasilmistir. 20-24 aras1 noktalarda ise toplu gézenek hatas1 mevcuttur.
25 noktasinda ciiruf ve gozenek hatasi tespit edilmistir. 30 noktasinda yanma c¢entigi hatasi
gorilmektedir. 32 noktasinda biiyiik gdzenek (glop gozenek) hatasi goriilmiistiir. 49 noktasinda ise kurt
yenigi/solucan yenigi (worm hole) hatasi tespit edilmistir. Sekil 8.b’deki filmler yine yukaridan asagiya
incelendiginde, temiz bazik elektrot icin olmasi gereken normal akim degerinde (75A) yapilan
kaynaklarda 5,7,20,30,31,42 ve 49 noktalarinda ciiruf hatasi gorilmiistiir. 13-20 ve 41-46 arasi
noktalarda kokte yanma ¢entigi hatasi tespit edilmistir. Sekil 8.c’deki filmlere bakildiginda, temiz bazik
elektrot i¢in yiiksek akim degerinde (85A) yapilan kaynaklarda 5 noktasinda ¢entik hatasi, 13 ve 14
noktalarinda ciiruf hatasi, 21-23 arasi ve 42 noktalarinda kurt yenigi hatasi, 49 ve 50 noktalarinda ise
gozeneklerle ¢evrili cliruf hatas1 goriilmektedir.

Sekil 8: Temiz ve kuru bazik elektrotlayapllan kaynak dikisleri: a) B-65A-T, b) B-75A-T ve ¢) B-85A-T

4.2. Kirli ve Nemli Elektrotlarla Yapilmis Kaynaklarin Filmlerinin inceleme Sonuclari

Sekil 9.a’daki filmler yukaridan asagiya incelendiginde kirli selillozik elektrot igin diisiik akim
degerinde (40A) yapilan kaynaklarda 4-11 arasi ve 47 noktalarinda kokte niifuziyetsizlik goriilmektedir.
5-10 aras1 noktalarda kapakta diisiikliik hatas1 mevcuttur. 17 noktasinda ark hatasi goriilmektedir. 22-24
aras1 noktalarda yanma olugu hatasi goriilmektedir. 40, 42, ve 44 noktalarinda yanma centigi hatasi
tespit edilmistir. Sekil 9.b’deki filmler yine yukaridan asagiya incelendiginde, kirli seliilozik elektrot
icin olmas1 gereken normal akim degerinde (70A) kaynaklarda 2, 5 ve 11 noktalarinda malzemede ark
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hatas1 mevcuttur. Bu ark kokte degil malzemededir. Bu durumun kaynak yaparken kaynak¢inin maskeyi
indirdikten sonra kaynak agzi i¢inde elektrotu koérlemeye bagladigi anda kaynakta sigrama arklarin
olusmasiyla gerceklestigi diisiiniilmektedir. Bu yiiksek basinca maruz kalan hatlarda (100 bar gibi-
BOTAS hatlar1) kabul edilemez bir hatadir.

Sekil 9.c’deki filmlere bakildiginda, kirli seliilozik elektrot icin yiiksek akim degerinde (85A) yapilan
kaynaklarda 1,2,3 ve 4 noktalarinda yakip delme (burn through) hatasi, 25 noktasinda konkavite hatasi,
31, 32, 36, 39 ve 42 noktalarinda ¢entik hatasi, 46-52 arasi noktalarda ise kapakta diisiikliik hatasi
goriilmektedir.

: @ |

Sekil 9: Kirli ve nemli seliilozik elektrotla yapilan kaynak dikisleri: a) S-40A-K, b) S-70A-K ve c) S-85A-K

Benzer bigimde, Sekil 10.a’daki filmler yukaridan asagiya incelendiginde kirli bazik elektrot i¢in diisiik
akim degerinde (65A) yapilan kaynaklarda 2, 4 ve 10 noktalarinda ciiruf hatasi goriilmektedir. 11-13 ve
17-20 aras1 noktalarda kapakta gdzenek hatasi ile karsilagilmigtir. 19-21 arasi noktalarda ise pasolar arasi
cliruf (sicak pasoya yakin bolge) hatast mevcuttur. 26 noktasinda ciiruf ve gozenek hatasi tespit
edilmistir. 46 noktasinda gozenek hatasi goriilmiistiir. Sekil 10.b’deki filmler yine yukaridan asagiya
incelendiginde, kirli bazik elektrot ig¢in olmasi gereken normal akim degerinde (75A) yapilan
kaynaklarda 11, 26, 27 ve 35 noktalarinda gézenek hatasi goriilmiistiir. 22 ve 50 noktalarinda kurt yenigi
hatas1 tespit edilmistir. 29-31 arasi noktalarda uzamis gozenekler hatasi mevcuttur. 40-43 arasi
noktalarda kokte yanma olugu hatasi goriilmektedir.

Sekil 10.c’deki filmlere bakildiginda, kirli bazik elektrot i¢in yiiksek akim degerinde (85A) yapilan
kaynaklarda 6-11 aras1 noktalarda kdkte niifuziyetsizlik hatasi, 14 noktasinda toplu gozenek hatasi, 15
ve 21 noktasinda meme hatasi, 23, 27 ve 30 noktalarinda gézenek hatasi goriilmektedir. Ayrica, 50-54
arasinda yetersiz niifuziyet hatasi tespit edilmistir.
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Sekil 10: Kirli ve nemli bazik elektrotla yapilan kaynak dikisleri: a) B-65A-K, b) B-75A-K ve ¢) B-85A-K

5. SONUC

Bu deneysel ¢aligmada, saha kosullarinda yapilan kaynaklarda kullanilan elektrotlarin temiz ve kuru
olmadig1 durumlarda kaynak dikisine ne gibi zararlar verdigi ve ne tiir hatalar olusturdugu arastirtlmistir.
Ayrica, seliilozik ve bazik elektrot kullaniminda uygulanmasi gereken akim degerinin altinda ve
iizerinde degerler uygulandiginda kaynak dikigine olan etkiler incelenmistir. Deneylerde API 5L Gr.B
celik dogalgaz borusu kullanilmig ve tiim kaynak islemleri ayni tiir boru iizerinde gergeklestirilmistir.
Tiim kaynak dikislerinin X-ray rontgen cihaziyla filmleri ¢ekilerek tahribatsiz sekilde muayene edilmis
ve agagidaki sonuglar elde edilmistir:

1. Kullanilan elektrotun cinsi 6zellikle kok pasoda biiyiik kusurlara yol agmaktadir. Dogru bir metot
olmamakla beraber kdk pasoda bazik elektrot kullanimi kaynak filmlerinde de agikg¢a goriildiigii gibi
bir¢ok hataya sebebiyet vermistir. Bu uygulamanin daha hatasiz bir hale gelebilmesi i¢in kdk pasonun
seliilozik elektrot ile yapilmasi, diger 3 pasonun ise bazik elektrot ile yapilmasi gerekmektedir.

2. Nemli elektrot kullanimi1 kaynaga yapistigi igin uygulamayi g¢ok zorlastirmistir. Bu sebeple
uygulamadan dnce elektrotun kuru olmasi gerektigi yapilan deneysel ¢aligmalarla ispatlanmistir.

3. Saha kosullarinda, acil kaynak yapilmasi gereken durumlarda elektrotlarin temiz ve kuru olarak
muhafazasinin ¢ok 6nemli oldugu sonucuna varilmstir.

4. Kaynak dikislerinde belli hatalara tolerans gosterilirken ciiruf, ¢entik, gbzenek gibi bariz hatalara
tamir karar1 verilmektedir. Bu durumda yapilan kaynaklar kesilerek yeni kaynak yapilmasi
gerekmektedir.

5. Diisiik amperde kaynak yapildiginda ¢ogunlukla kdkte niifuziyetsizlik ve kapakta diigiikliik hatasi
gozlemlenmistir.

6. Yiiksek amperde kaynak yapildiginda cogunlukla meme yapma hatasi, toplu gdzenek ve kurt yenigi
(worm hole) hatas1 gézlemlenmistir.

7. Normal amperde (75A) temiz bazik elektrot kullanilarak kaynak yapildiginda, bazik elektrotla kok
paso yapma islemi dogru bir uygulama olmadigindan kokte yanma g¢entigi hatas1 gozlemlenmistir.

8. Normal amperde (75A) kirli bazik elektrot kullanilarak kaynak yapildiginda, kokte bazik elektrot

kullanilmasinin diginda elektrotun da kirli olmasindan kaynakli bazi hatalar gozlemlense de, temelde
cok ciddi farkliliklarin olmadig: tespit edilmistir.
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9. Normal amperde (70A) kirli seliilozik elektrot kullanilarak yapilan kaynaklarda kapakta yanma gentik
hatalar1 goriilmiistiir.

10. En ¢ok kaynak hatasi diisilk amperde (65A) kirli bazik elektrot kullanilarak yapilan boru
kaynaklarinda goriilmiistiir.

11. Normal amperde (70A) temiz selillozik elektrot kullanilarak yapilan kaynaklarda, yapilan
radyografik muayene sonuclarinda herhangi bir hataya rastlanilmamistir. Bu durum pratikte dogalgaz
borularinin kaynak prosediirleri ve parametreleriyle (S-70A-T) de ortiismekte oldugunu gostermistir.
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Abstract

Small bore connections in industrial applications are prone to fatigue failure due to exposure to random
vibration. This study focuses on investigating the fatigue behavior of different welded joint designs in
small-bore connection under random vibration loading conditions. The purpose of this study is to assist
in the development of optimized welding strategies to increase fatigue resistance by providing
information on the effectiveness of various welded joint designs in small-bore connection under random
vibration. Experimental tests were carried out by subjecting the samples to random vibration loading
representative of operating conditions. Butt joint and fillet weld configurations were examined to
evaluate their performance in terms of fatigue resistance. Fatigue life, crack initiation and propagation
behavior of welded joints were monitored and analyzed. Additionally, microstructural analyzes were
performed to evaluate the impact of different joint designs on the microstructure of the material and its
relationship to fatigue performance. The results of this study contribute to the design and maintenance
of small bore connections, reducing the risk of fatigue failure and associated operational downtime.

Keywords: Metallurgy, Fatigue, Weld, Small-bore connections, Vibration, Crack initiation

KUCUK CAPLI CELIK BRANSMANLARDA FARKLI KAYNAKLI BIRLESiM
TASARIMLARININ RASTGELE TIiTRESIM ALTINDAKI YORULMA DAVRANISI

Ozet

Endiistriyel uygulamalardaki kiiciik delikli baglantilar, rastgele titresime maruz kalma nedeniyle
yorulma arizasina egilimlidir. Bu ¢alisma, rastgele titresim yiikleme kosullar1 altinda kiigiik delikli
baglantida farkli kaynakli baglanti tasarimlarinin yorulma davranisini aragtirmaya odaklanmaktadir. Bu
caligmanin amaci, rastgele titresim altinda kiiciik delikli baglantida c¢esitli kaynakli baglanti
tasarimlarinin etkinligi hakkinda bilgi saglayarak yorulma direncini artirmak i¢in optimize edilmis
kaynak stratejilerinin gelistirilmesine yardimci olmaktir. Deneysel testler, numunelerin ¢alisma
kosullarin temsil eden rastgele titresim yiiklemesine tabi tutulmasiyla gerceklestirilmistir. Alin ve kdse
kaynak konfigiirasyonlari, yorulma direnci acisindan performanslarini degerlendirmek igin
incelenmistir. Kaynakli baglantilarin yorulma émrii, ¢atlak baslangici ve yayilma davranisi izlenmis ve
analiz edilmistir. Ek olarak, farkli baglanti tasarimlarinin malzemenin mikroyapisi tizerindeki etkisini
ve yorulma performans: ile iliskisini degerlendirmek i¢in mikroyapisal analizler yapilmistir. Bu
¢aligmanin sonuglari, kiigiik capli baglantilarin tasarimina ve bakimina katkida bulunarak yorulma hatasi
riskini ve buna bagl operasyonel durus siiresini azaltmaktadir.

Keywords: Metalurji, Yorulma, Kaynak, Kiigiik ¢apli brangmanlar, Titresim, Catlak baslangici

1. INTRODUCTION
Optimized welding strategies can be developed to enhance fatigue resistance and reliability in small
bore connections by understanding the performance of various weld joint configurations. This research
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focuses on evaluating the effectiveness of butt joints and fillet welds, which are commonly used weld
joint configurations in small-bore connections [1,2]. The study employs experimental tests that simulate
the industrial operational conditions encountered by these connections. Specifically, the specimens are
subjected to controlled random vibration loading, which accurately represents the dynamic environment
experienced by small bore connections [3]. Throughout the experimental testing, the fatigue life, crack
initiation, and propagation behavior of the welded joints are closely monitored and analyzed. This
comprehensive examination provides valuable insights into the durability and resistance of the weld
joints under random vibration loading. By understanding the factors contributing to fatigue failure, such
as crack initiation and propagation, researchers can identify critical areas that are prone to damage and
optimize weld joint configurations to minimize these issues [4,5,6] Furthermore, microstructural
analysis is conducted to investigate the impact of different weld joint designs on the material's
microstructure. Advanced techniques such as optical microscopy (OM) and scanning electron
microscopy (SEM) are employed to examine the microstructural characteristics of the specimens. This
analysis allows for the evaluation of parameters such as grain size, phase distribution, and the presence
of defects. By studying the relationship between joint design and microstructural changes, researchers
can gain insights into how different configurations influence the material's fatigue performance [7,8].
The findings from this study contribute to the selection and optimization of welding strategies that
enhance fatigue resistance in small bore connections. By identifying the most effective joint designs and
understanding their influence on the microstructure, practitioners can make informed decisions to reduce
the risk of fatigue failure. This, in turn, helps to minimize operational downtime, maintenance costs, and
safety hazards, ultimately improving the design and maintenance of small bore connections in industrial
applications.
2. MATERIAL AND METHOD
2.1. Properties of Materials and Test Specimens
The materials selected for the test specimens (see Table 1 and Table 2 for detail) was known for its
frequent use in such small-bore connections due to its mechanical properties and weldability
[9,10,11,12,13,14]. The 8 test samples used in this study represent small-bore connections commonly
found in steel piping system or mechanical equipment such as pumps and valves. The image in Figure
1 shows test samples and cross-sectional views of metallurgical samples. The study focused on
analyzing two specific specimens, namely specimen 6 and specimen 7. Both specimens were made of
the same material with identical material properties. However, they differed in terms of weld joint
design, with specimen 6 utilizing butt joints and specimen 7 employing fillet joint. These configurations,
shown in Figure 2, were chosen due to their prevalence in small bore connections and their potential
impact on fatigue performance.

Table 1: Chemical Composition of Materials

Material Fe C Mn P S Si Cu Ni Cr Mo \Y Nb
A106 0.30 0.40 0.40 0.40 0.15 0.08
Bal. 0.29-1.06 0.035 max 0.035 max 0.10 min
Seamless Pipe max max max max max max
A105 0.35 0.40 0.40 0.30 0.12 0.08
Bal. 0.60-1.05  0.035max  0.040 max  0.10-0.35
Forging Flange max max max max max max
A216
Bal. 0.25 0.73 0.063 0.049 0.42 - 0.14 0.21 0.02
Casting Flange
ERNiCrMo-3 0.02
1.0 - - - 0.2 max - Bal. 22.0 9.0 - 35
Weld Wire max
ER70S-6
Bal. 0.08 1.70 - 1.00
Weld Wire

Table 2: Material Mechanical Properties

Material Y.S (MPa) U.T.S (MPa) Elongation %
A106 (Seamless Pipe) 240 415 22

A105 (Forging Flange) 250 485 22

A216 (Casting Flange) 250 485 22
ERNiCrMo-3 460 740 >30
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Figure 2: Weld joint design, (a) Butt weld, (b) Fillet weld

2.2. Fatigue Testing under Random Vibration

An experimental setup as shown in the Figure 3 was designed to simulate operating conditions
encountered by small bore connections. The setup was designed as a vibration fatigue testing bench
capable of generating controlled random vibrations. Specimens were securely attached to the
experimental setup and subjected to mechanical vibrations. Frequency and vibration velocity values
obtained during the vibration fatigue test were collected with a Priiftechnik Vibxpert Ex I data analyzer
and an acceleration sensor magnetically attached to the test specimens. The Omnitrend 2.91 vibration
condition monitoring software was used to configure measurement values for capturing velocity data
(mm/s, rms) between 400 Hz with a resolution of 1600 lines. Three velocity values were measured at
approximately 47.75 Hz in the X, Y, and Z directions, orthogonal to the test specimen axis. The vibration
data of the test specimens were evaluated using allowable piping vibration levels by Wachel and Bates
[15] for stress exposures. The endurance limit cycle, following BS 7608 guidelines for welded joint
class F2 [16], consisted of 107 cycles. Cycle counting was facilitated by a PLC control unit and a proxy
prop mounted on the test bench. Fatigue testing was conducted to assess the fatigue life and behavior of
the weld joints under random vibration loading, while closely monitoring and analyzing the crack
initiation and propagation behavior.

N =l

Figure 3: Vibration fatigue testing bench

2.3.Non-destructive Testing

Non-destructive testing methods, such as Magnetic Particle Inspection (MPI) and Radiographic Testing
(RT) were used to detect crack initiation in the test specimens. Following the guidelines of the American
Society of Mechanical Engineers (ASME) section V [17] and considering the joint type, macro-size
discontinuities were inspected using MPI or RT methods. Further details about these examinations can
be found in Table 3. The objective of these examinations was to assess the weld reliability and identify
any existing damage before and after subjecting the specimens to vibration-induced fatigue testing.
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Crack growth was monitored throughout the testing process to analyze the progression of fatigue damage
within the weld joints.
Table 3: Test Specimens Matrix and Non-Destructive Testing Application Details

Film Radiation Source MPI

Specimens Material Description with Filler Metal Joint Type RT Shooting Method

Quality Method
S6 Pipe+Casting Flange&ERNiCrMo3+ ER70S-6 Butt Elliptical/Superimpose Kodak T200 Iridium192 Wet Particle
S7 Pipe+Casting Flange&ERNiCrMo3+ ER70S-6 Fillet - - - Wet Particle

2.4. Characterization of Material Microstructure

Microstructural analysis was performed using various techniques, including optical microscopy (OM)
and scanning electron microscopy (SEM) to investigate the impact of different weld joint designs on the
material's microstructure. Optical microscopy enabled the observation of grain size and distribution,
while SEM provided detailed imaging of microstructural features and defects. The analysis was
performed using established guidelines for comprehensive microstructural characterization.
Specifically, the International Institute of Welding (11W) Document No. IX-1533-88, titled 'Guide to the
Light Microscope Examination of Ferritic Steel Metal Welds,' was consulted. Additionally, the ASM
Handbook on 'Carbon and Low-Alloy Steel Castings: Metallographic Techniques and Microstructures'
(named document) was referenced for further guidance on microstructure quantification of both the weld
metal and the base metal [18, 19]. By adhering to these resources, a systematic and standardized
approach was employed to ensure accurate characterization and analysis of the weld joint
microstructures.

3. CONCLUSION

The collected data from vibration fatigue testing, non-destructive testing and material microstructural
analysis were carefully analyzed. The relationship between the weld joint design, micro and macro
structural changes were investigated to understand their influence on fatigue performance. The vibration
testing revealed a significant result, as depicted in Figure 4, with dominant velocity values observed at
approximately 47.75 Hz. These velocity values were selected regardless of the direction of measurement
and were compared to the allowable pipe vibration levels established by Wachel and Bates [15]. The
results of the vibration fatigue testing, represented by blue diamonds in Figure 5, indicated that the test
specimens were located in an unsafe area on the pipeing vibration level curve. This suggests that the test
specimens experienced high levels of stress and were susceptible to potential failure under the applied
vibration loading. Based on these findings, the vibration testing concludes that vibration criteria at a
specific frequency, such as the dominant frequency observed in this testing, can serve as a useful starting
point for assessing stress levels in steel small-bore connections. By comparing the measured vibration
values to established criteria, it becomes possible to evaluate the potential for fatigue damage and
fracture in such connections.

Figure 4: Vibration specktra with dominant velocity peak
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Allowable Piping Vibration Levels
Aftr Wochel & Butes. lydrocarbon Processing, October 1976)

Figure 5: Piping vibration level curve

At the stage of non-destructive testing, a slight subsurface discontinuity in the weld metal at of S6 has
been detected before the vibration fatigue test, but at the end of the vibration fatigue test especially it
was clearly seen that the subsurface discontinuities (Imperfection) in the weld metal at of S6 has
progressed excessively However, any discontinuity (Imperfection) was detected on S7 by the MPI
(Magnetic Particle Inspection) method after and before the vibration fatigue test (See Figure 6). Based
on the results, the damaged test specimens are shown in Table 4 with the imperfection type and size
along with the damage status "YES" [20].

Figure 6: S6 Radiographic Testing Image, (a) Before vibration fatigue test, (b) After vibration fatigue test

Table 4: Non-Destructive Testing Matrix of Specimen and Damage Details

Specimen Damage Status Damage Location Imperfection Dimension, mm NDT Method
S6 Yes Weld metal subsurface 4013 1to5 RT & MPI
S7 No - - - MPI

The analysis of the material microstructure unveiled the primary and prevailing microstructural features
in the weld joints, including the heat-affected zone and the base metal. The main components in the
weld joint can be listed as follows Primary Ferrite (PF), Acicular Ferrite (AF), Aligned second-phase
ferrite (FS (A)), Ferrite Carbide aggregate (contains Perlite) (FC). Table 5 presents the results of the
microstructure characterization, providing detailed information about the observed microstructural
features. Furthermore, Figures 7 and 8 display the optical and scanning electron microscopy images of
samples S6 and S7, respectively, offering visual representations of the microstructural characteristics.

Table 5: Microstructure Analysis with OM and SEM Details

Test Specimen Analysis Results of Microstructure

S6 Base Metal Coarse-grained microstructure, Major discontinuity, PF

S6 Weld Metal and HAZ Fine-grained microstructure, Major discontinuity, FC, FS(A)
S7 Base Metal Coarse-grained microstructure, Minor discontinuity, PF
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S7 Weld Metal and HAZ Fine-grained microstructure, Minor discontinuity, AF, FS(A)

§ Weld Vietal

Figure 7: S6 and S7 Optical microscopy image

'
Discontinuity

£ :
Discontinuity

Figure 8: S6 and S7 Scanning microscopy image

The study findings revealed that the fatigue resistance of the butt joint type connection was notably
inferior in comparison to the fillet joint type. This can be attributed to the presence of stress
concentrations within the weld metal, coupled with potential major discontinuities in weld joint area.
These factors played a significant role in the initiation and propagation of fatigue cracks, resulting in a
reduction in the fatigue life of the joint. The presence of acicular ferrite was identified as a key factor in
enhancing the overall performance of the welded joint. That improves the mechanical properties, raises
resistance to fatigue cracking, and ensures microstructural stability. By optimizing the acicular ferrite
content, the performance and durability of welded joints in welding applications of small bore
connections can be significantly enhanced.
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Abstract

The depletion of global petrochemical resources, coupled with the environmental challenges arising
from the extensive use of traditional plastics, has led to greater interest in the research of environmentally
friendly biodegradable materials that can be used in various applications. The weak water barrier
properties of collagen hydrolysate obtained from leather industry trimming waste seriously limit its
practical application areas. In this study, collagen hydrolysate/sodium alginate-based films were
produced using the solution casting method because they are non-toxic and biocompatible. The collagen
hydrolysate/sodium alginate composition with the best water barrier property was determined to be the
CHA40/SA60 formulation, and films with this formulation were cross-linked with genipin. Cross-linking
significantly increases the hydrophobicity of the films, thereby reducing their water vapor permeability
and water solubility. The results indicate that biodegradable films serve as a promising foundation for
the development of packaging materials.

Keywords: Collagen Hydrolysate, Alginate, Waste, Genipin, Cross-Linker

GENIPIN IMPACT ON THE WATER BARRIER PROPERTIES OF COLLAGEN
HYDROLYSATE OBTAINED FROM LEATHER INDUSTRY TRIMMING WASTES
AND SODIUM ALGINATE-BASED FILMS

Abstract

The depletion of global petrochemical resources, coupled with the environmental challenges arising
from the extensive use of traditional plastics, has led to greater interest in the research of environmentally
friendly biodegradable materials that can be used in various applications. The weak water barrier
properties of collagen hydrolysate obtained from leather industry trimming waste seriously limit its
practical application areas. In this study, collagen hydrolysate/sodium alginate-based films were
produced using the solution casting method because they are non-toxic and biocompatible. The collagen
hydrolysate/sodium alginate composition with the best water barrier property was determined to be the
CH40/SA60 formulation, and films with this formulation were cross-linked with genipin. Cross-linking
significantly increases the hydrophobicity of the films, thereby reducing their water vapor permeability
and water solubility. The results indicate that biodegradable films serve as a promising foundation for
the development of packaging materials.

Keywords: Collagen Hydrolysate, Alginate, Waste, Genipin, Cross-Linker

1. INTRODUCTION

While the leather industry efficiently repurposes waste from the meat industry, particularly animal
skin/hide, into durable leather for various products, it also produces substantial amounts of solid waste
during the production process. (Ali et al., 2023). Effectively transforming by-products from the meat
industry, especially animal skin/hide, into valuable leather, the leather industry simultaneously produces
a notable quantity of solid waste during production processes. With increased environmental awareness
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and restrictions worldwide in the last 20 years, environmental concerns regarding discharge and landfill
costs in the tanning and leather processing industries are causing serious problems for the industry (Ali
et al., 2023). Wastes from the leather industry can be divided into two main types: raw untanned
(trimming, fleshing, splitting) wastes and tanned (trimming, splitting, chrome shavings, buffing
powders) wastes, and the improper treatment and disposal of these solid wastes, often ending up in
landfills, contribute significantly to environmental harm, affecting soil, groundwater, and air quality
(Chagtmi et al., 2023). Solid wastes generated by the leather industry fall into two primary categories:
raw untanned wastes (trimming, fleshing, and splitting) and tanned wastes (buffing powders, chrome
shavings, trimmings, and, splits). Unfortunately, these waste products are frequently mishandled,
undergoing inadequate treatment before being disposed of in landfills. This improper disposal results in
significant environmental harm, affecting soil, groundwater, and air quality. Rawhide and tannery waste,
encompassing fleshings, trimmings, and splits, possess key components, including protein (2.5-10% by
mass), fat (less than 10.5%), and water (less than 80%), making it highly attractive for various industries
(Kuligowski et al., 2023).

Over the last few decades, with increasing environmental awareness regarding the widespread use of
synthetic and non-biodegradable polymeric packaging, packaging applications have greatly increased
the demand for biodegradable, environmentally friendly, low-toxicity, renewable and biocompatible
natural polymers (Usha et al., 2023). Sodium alginate (SA), a natural polysaccharide derived from
seaweed or algae, exhibits excellent biocompatibility, biodegradability, and film-forming properties due
to its molecular structure enriched with hydroxyl and carboxyl groups (Zheng et al., 2022; Li et al.,
2022). Derived from the hydrolysis of collagen from animal skin and bones, collagen hydrolysate (CH)
is awidely utilized protein in packaging owing to its attributes of biodegradability, water solubility, high
transparency, film-forming capability, and cost-effectiveness (Mutlu, 2023; Li et al., 2023). Collagen
hydrolysate and sodium alginate, commonly employed in the production of single-component packaging
films, encounter challenges in achieving broad applications due to their heightened sensitivity to
moisture, inadequate barrier properties, insufficient mechanical strength, and suboptimal thermal
stability (Mutlu, 2023; Shan et al., 2023).

Consequently, researchers are currently exploring various methodologies, including polymer blending,
integration of crosslinking agents, incorporation of nanoparticles, and biopolymer modification, to
enhance the effectiveness of packaging films derived from biopolymers (Zhang et al., 2023). Forming
integrated complex networks, polymer intermolecular cross-linking establishes chemical bonds
(intramolecular or intermolecular) with molecular polymer chains, thereby enhancing the mechanical
and hydrophobic properties of a film. Genipin (GP), which is a natural extract of gardenia fruits and has
approximately 104 times less toxicity than glutaraldehyde, is a water-soluble cross-linking agent that
can react with the amino group of the polymer (Roy and Rhim, 2022). GP was used to produce
gelatin/chitosan films (Roy and Rhim, 2022) and gelatin capsule residue-based films (lahnke et al.,
2020).

The objective of this research is to utilize collagen hydrolysate extracted from trimming waste in the
leather industry, in conjunction with sodium alginate, for the production of biodegradable films as an
alternative to landfill disposal. To achieve this objective, the research involves determining the optimal
collagen hydrolysate/sodium alginate ratio with the highest water resistance. Following this, the research
investigates the effects of genipin at different concentrations, on the thickness, MC (%), WVP, and WS
(%) characteristics of CH/SA films.

2. MATERIALS AND METHODS

2.1. Materials

The experiments utilized trimming waste obtained from a tannery in Turkey. Upon arrival at the
laboratory, the remaining fat residue was removed by hand, and the trimming waste was frozen (=20
°C) and stored until collagen hydrolysate extraction. Pepsin, (from porcine gastric mucosa; powder,
>400 units/mg protein), molecular weight marker (Mw, 26.6-180 kDa), sodium hydroxide (NaOH,
97%), petroleum ether, Coomassie Blue R 250, methanol (CH3OH, > 99.8%) acetic acid (CH3COH, >
99.7%), glycerol (= 99.5%), and genipin (GP, > 98%) were purchased from Sigma-Aldrich (Germany).
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2.2. Methods

2.2.1. Collagen hydrolysate extraction from hide trimming wastes

Frozen trimming waste was thawed in cold water for 6 h, cut into 1-2 cm pieces with a knife and placed
in plastic bags. To obtain collagen hydrolysate, leather industry trimming waste was washed with water
at a ratio of 1:10 as pretreatment and all impurities were removed in distilled water (20%, w/v) at pH
8.0 (NaOH, 1M) with continuous stirring at 250 rpm at 4°C for 2 h. 100 g of trimming waste was mixed
with 900 mL of petroleum ether (60—90 °C) and shaken at 25 °C for 4 h. Then, 1.5% (w/w) pepsin
enzyme was added to the defatted waste. Hydrolysis was conducted under ideal pH and temperature
conditions suitable for pepsin, with agitation at 600 rpm for a duration of 6 h (pepsin: pH = 2.5/37 °C).
The pH of the mixture underwent periodic adjustments using 1 N NaOH. After the reaction period
concluded, the enzymes were deactivated by placing the samples in a boiling water bath at 95 °C for 10
min. Ultimately, the hydrolysate underwent centrifugation at 8000 g and 4 °C for 20 min, followed by
filtration of the supernatants through paper to eliminate impurities.

2.2.2. SDS-PAGE

SDS-PAGE was utilized to characterize the variation in the molecular weight (Mw) of the chemical
components of collagen hydrolysate. The SDS-PAGE involved a separating gel with a concentration of
12% and a stacking gel with a concentration of 15%. Dispersions of collagen hydrolysate in distilled
water (0.2% wi/v) and a sample buffer were prepared at a 1:1 ratio, followed by heating the mixture to
90°C for 5 min and subsequent cooling to ambient temperature. Following the loading of a 20 pL
collagen hydrolysate sample and 5 pL of a protein marker spanning molecular weights from 26 to 180
kDa into the electrophoresis wells, the gel was subsequently positioned in the apparatus. The voltage
settings for the SDS-PAGE procedure were initially adjusted to 80 V for stacking gel and subsequently
increased to 120 V for the running gel phase. Following staining using 0.1% Coomassie Blue R 250 for
12 h, protein bands were observed by decolorization with 40% methanol and 10% acetic acid.

2.2.3. Preparation of collagen hydrolysate/sodium alginate-based films

Individually dissolving five grams each of SA and CH in 100 mL of distilled water, the solutions were
heated in a water bath at 40 °C and continuously stirred for 1 h until uniform SA and CH film-forming
solutions (FFS) were attained. The ratio of SA to CH was 8/2, 6/4, 4/6, and 2/8. Collagen hydrolysate
/sodium alginate composite films were named CH80/SA20, CH60/SA40, CH40/SA60, and CH20/SA80
films, respectively. Then, glycerol was added at the rate of 30% of the total polymer amount into the
prepared film-forming solution containing CH and sodium alginate, and the resulting film-forming
solution was mixed for 1 h. Once the most water-resistant CH/ sodium alginate ratio was identified, that
specific ratio was utilized to fabricate cross-linked films of genipin. The film solution was supplemented
with genipin at concentrations of 0%, 0.1%, 0.2%, and 0.4% (CH/SA, wi/w). After gently stirring the
film solutions at a low speed for 30 min to remove any air bubbles, 20 g portions of the FFS were poured
onto polystyrene Petri dishes measuring 12 cm in diameter. Upon completion of 48 h of air-drying at
room temperature, the films were delicately peeled off and subsequently placed into a desiccator.

2.2.4. Film thickness

For the measurements of the average thickness of both control and genipin cross-linked films, a digital
micrometer (Mitutoyo, Japan) with a precision of 0.001 mm was used, and measurements were taken
from five different randomly selected locations.

2.2.5. Water vapor permeability (WVP)

To create 0% relative humidity in the circular test bottles, 20 g of dried silica gel beads of 4-8 mm
diameter were loaded into the test bottles and then the film was fixed on the top of the bottles and sealed.
Circular film samples were subjected to a 10 h exposure in a desiccator with 75% relative humidity at
25°C, with weight measurements taken every 2 h and calculations based on the formula below.
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Wat pility = —m* X

ater vapor permeability = TxSxh,
where Am represents the increase in weight of the sample bottle (g), X is the specimen average thickness
(m), T is the period of time between two weight measurements in h, S is the permeable area of the film
sample (m?), and AP is the water vapor saturation pressure.

2.2.6. Moisture content (MC)

The change in weight between the initial weight of the samples (2 x 2 cm) and their final weight,
achieved after drying in an oven at 105 + 1 °C until a constant weight was attained (24 h), was measured
for the gravimetric assessment of MC (%) in the films. The MC (%) was calculated as a percentage of
the total mass based on the film analysis conducted in triplicate.

2.2.7. Water solubility (WS)

Film pieces measuring 2 X 2 cm were subjected to oven drying at 105 °C for 24 h until a consistent
weight was achieved to ascertain the initial dry matter of the films. The samples were subjected to 24 h
of agitation at 250 rpm in 50 mL of distilled water at 25 °C. Afterward, they were filtered using Whatman
No. 1 filter paper, followed by drying at 105 °C for 24 h to obtain the final dry weight. Subsequently,
the WS (%) was calculated using the provided formula.

initial weight — weight of the sample after dryin
Water solubility (%) = g ght of ple after drying

initial weight

2.2.8. Statistical analysis

Unless otherwise specified, film characteristic data, represented as the mean + standard deviation, were
obtained from triplicate measurements of individually prepared films, with statistical analysis conducted
using a one-way analysis of variance (ANOVA). With SPSS Statistics 25.0 software (SPSS Inc.,
Chicago, IL, USA), statistical differences between individual groups were assessed using Duncan's
multiple range test (p < 0.05).

3. RESULTS AND DISCUSSION
3.1. SDS-PAGE
In Figure 1, the electrophoretic pattern of protein MW distribution of each sample is provided.
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Figure 1: SDS-PAGE profile of CH

The findings revealed a distribution of CH protein bands ranging from 95.38 kDa to less than 153.72
kDa (Fig. 1). As illustrated in Fig. 1, the principal bands of collagen hydrolysate extracted from hide
trimming waste revealed the presence of two alpha (o) chains (0-1 and a-2) along with one beta (p)

chain. The molecular weights of the discernible protein bands corresponding to al, a2, and B chains
were determined to be 107.71 kDa, 95.38 kDa, and 153.72 kDa, respectively.,

3.2. Thickness, MC (%), WS (%), and WVP Values of Films Containing Different Ratios of
Collagen Hydrolysate and Sodium Alginate

The influence of varying collagen hydrolysate/sodium alginate ratios on the thickness of the prepared
films is delineated in Table 1, revealing a statistically significant increase (p < 0.05) in film thickness,
ranging from 0.115 mm to 0.149 mm, concomitant with the escalation of sodium alginate concentration
from 20% to 80%. As shown in Table 1, among the four films tested, CH40/SA60 film exhibited the
lowest moisture content (11.647% =+ 0.203), water solubility (35.79% =+ 2.53), and water vapor
permeability (1.120 £ 0.02 x 101 g m/Pa h m?) values.

Table 1: Thickness, MC (%), WS (%), and WV/P values of collagen hydrolysate/sodium alginate-based films.

Film sample | Thickness (mm) MC (%) WS (%) WVP
(x10™" g m/Pa h m?)
CH80/SA20 | 0.115+0.007¢ | 15.716 +0.633% | 50.427 + 1.4372 2.170 £ 0.0232

CHB0/SA40 | 0.126+0.009° | 14.838 £0.421° | 44.02 +1.157° 1.857 +0.028°

CH40/SA60 | 0.139+0.006° | 11.647 +0.203 | 35.79 +2.53¢ 1.120 £ 0.024

CH20/SA80 0.149 £0.006® | 13.202 £ 0.424° | 39.742 £ 0.715° 1.712 £ 0.055°¢

* Distinct letters within identical columns signify statistically significant distinctions between sample groups
based on the Duncan test (p < 0.05).
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3.3. Thickness, MC (%), WS (%), and WVP Values of CH40/SA60 Films Cross-linked with
Genipin

Table 2 presents the thickness, MC (%), WS (%), and WVP values of CH40/SAG0 as the control film,
as well as those cross-linked with 0.1%, 0.2%, and 0.4% (w/w) genipin.

Table 2: Thickness, MC (%), WS (%), and WVP values of control and CH40/SA60-based films cross-linked

with genipin.
, Thickness o o WVP
Film type (mm) MC (%) WS (%) (x 10711 g m/Pa h m?)
CH40/SA60 0.139 4+ 0.006* | 11.647 +0.203* 35.79 +£2.53¢2 1.12+0.022
CHA40/SAB0/GP%* | 0.139 +0.005% | 11.354+0.198" | 23.255+0.594° 1.119 £ 0.02°
CH40/SA60/GP%?* | 0.138 £0.004% | 11.081 +0.351¢ | 21.715+0.776° 1.056 £ 0.026°
CHA40/SAB0/GP%* | 0.138 +0.007% | 10.828 +0.288% | 19.896 + 1.314¢ 0.879 + 0.026°

* Distinct letters within identical columns signify statistically significant distinctions between sample groups
based on the Duncan test (p < 0.05).

The CH40/SA60 film (without genipin), exhibits a thickness 0f 0.139 & 0.006 mm, while the films cross-
linked with genipin display thickness values ranging from 0.139 to 0.138 mm, indicating no statistically
significant difference (p < 0.05). The control film exhibited a moisture content (%) of 11.647 + 0.203.
With an escalation in genipin concentration to 0.4%, the MC (%) of the CH40/SA60 film incorporating
0.1% genipin decreased from 11.354% to 10.828. As demonstrated in Table 2, the WS of the CS40/SA60
film was 35.79 + 2.53%. The WS (%) of the genipin cross-linked films decreased significantly from
23.255+0.594% for CH40/SA60/GP%* to 19.896 + 1.314% for CH40/SA60/GP%4*, The CH40/SAG0
film showed a high WVP value of 1.12 x 107t g m/Pa h m?, attributed to the hydrophilicity of collagen
hydrolysate and sodium alginate, while among the cross-linked films, the lowest water vapor
permeability was observed in CH40/SA60/GP%4* films, registering at 0.879 x 101! g m/Pa h m? (Table
2).

3. CONCLUSION

The research's initial phase, which focused on determining the optimal collagen hydrolysate to sodium
alginate ratio, revealed that the CH40/SA60 ratio exhibited the highest water resistance, thereby
enhancing the water durability of films based on collagen hydrolysate and sodium alginate. In the second
phase of the research, successful cross-linking of CH40/SA60-based films was achieved using genipin,
and the subsequent impact of genipin cross-linking on the properties of the films was systematically
examined. Genipin cross-linking exhibited a substantial reduction in the MC (%), WS (%), and WVP of
CH40/SA60 films in comparison to the control films. Broadening the application areas of protein-based
films, continued research into the physical, mechanical, structural, and thermal properties of collagen
hydrolysate/sodium alginate films will establish the groundwork for reusing collagen-rich waste from
the leather industry.

This study is supported by Ege University Scientific Research Projects Coordination Unit (Project
Number: FM-YLT-2022-24101).
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Ozet

Bu calismada, metal altlik ylizeyine uygulanan fosfat kaplama ozellikleri incelenmistir. Fosfat
kaplamalar, ¢inko, demir ve manganez gibi farkli islem prosesleriyle olusturulan ince kristal
katmanlardan olusur. Bu katmanlar gézenekli ve piiriizlii bir ylizey olusturarak c¢esitli uygulamalara
uygun hale gelirler. Genellikle karbon ¢eligi, diisiik alasimli ¢elik ve dokme demir gibi malzemelere
uygulanirken, yiiksek alagimli malzemelerde bazi zorluklarla karsilagilabilir. Cinko fosfat kaplamalar
hem korozyon direncini artirmak ig¢in hem de sonraki boyama islemleri i¢in ideal bir islemdir. Mangan
fosfat kaplamalar ise aginma direnci ve yag tutma ozellikleri saglayarak 6zellikle belirli uygulamalarda
tercih edilir. Ancak, fosfat kaplamalarin hasar gérmesi durumunda korozyon riski artabilir, ¢linkil bu
kaplamalar kendini iyilestiremezler. Bu ¢alismada, ¢inko fosfatlama islemi {izerinde odaklanilarak farkli
asit konsantrasyonlarinin kaplama 6zellikleri {izerindeki etkisi incelenecektir. Bu ¢alismanin sonuglari,
fosfat kaplamalarin optimize edilmesi ve c¢elik yiizeylerin daha iyi korunmasi i¢in 6nemli bir katki
saglayabilir,

Anahtar Kelimeler: Fosfatlama, Toplam Asit, Fosfat Kristali, SEM

EFFECT OF TOTAL ACID CONTENT ON COATING MORPHOLOGY IN THE
PHOSPHATING PROCESS

Abstract

In this study, the properties of phosphate coating applied to the surface of a metal substrate were
investigated. Phosphate coatings consist of thin crystalline layers formed by different processing
processes, such as zinc, iron and manganese. These layers form a porous and rough surface, making
them suitable for various applications. While they are generally applied to materials such as carbon steel,
low-alloy steel, and cast iron, some difficulties may be encountered in high-alloy materials. Zinc
phosphate coatings are ideal for improving corrosion resistance and subsequent painting processes.
Manganese phosphate coatings are particularly popular in certain applications, providing wear
resistance and oil retention properties. However, the risk of corrosion may increase if phosphate coatings
are damaged because these coatings are not self-healing. This study will investigate the effect of
different acid concentrations on coating properties, focusing on the zinc phosphating process. The results
of this study can make an important contribution to optimise phosphate coatings and better protect steel
surfaces.

Keywords: Phosphating, Total Acid, Phosphate Crystal, SEM
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1. GIRIS

Fosfat kaplamalar, metal altliklarin yilizeyine tutunan ince kristal katmanlardan olugsmaktadir. Olusan
kristaller gozenekli ve piiriizlii bir ylizey olusturur. Her biri farkli 6zelliklere sahip ii¢ farkl (¢inko,
manganez ve demir) fosfat kaplama prosesi mevcuttur, bu da farkl: tiir uygulamalar icin farkli segenek
sunmaktadir. Genellikle fosfat reaksiyonu karbon celigi, diisiik alasimli ¢elik ve dokme demir gibi
malzemelere uygulanirlar. Kaplama islemi, hedef numunenin seyreltilmis bir fosforik asit ¢ozeltisine
daldirilmasiyla gergeklestirilmektedir.

Fosfat kaplamalar ayrica ¢inko, kadmiyum, aliiminyum, kalay ve galvanizli ¢elik gibi malzemelere de
uygulanabilir, ancak yiiksek alasimli malzemelerde fosforik aside karsi bagisiklik zor olabilir.
Fosfatlama ¢ozeltisinin ana bilesenleri fosforik asit (HsPOs), ¢inko, demir veya manganez iyonlari (Zn?*,
Fe?*, Mn?") ve hizlandiricilardir. Hizlandiricilar, kaplama hizini artiran ve tortunun tane boyutunu
azaltan oksitleyici reaktiflerdir (nitrat, nitrit, peroksit) [1].

Ornegin, celik bir sac malzemesi ¢inko fosfat ¢ozeltisine sokuldugunda, banyodaki serbest fosforik asit,
substrat iizerindeki mikro anotlarda demir ¢oziinmesini baglatir. Bu topokimyasal reaksiyon,
mikrokatodik bélgelerde hidrojen evrimine neden olur. Reaksiyon sirasinda fosforik asit tiiketimi, metal
ylizeye bitisik katmandaki ¢ozeltinin asitligini azaltir. Bu da ¢Oziiniirliigli azalan ¢inko fosfatin
¢okelmesine ve substrat yilizeyinde birikmesine yol agar [2].

Cinko fosfat kaplama, korozyon direncinin artirilmasi gerektiginde uygulanir. Demir fosfat kaplamalar,
sonraki bir boyanin gii¢lii bir sekilde yapismasi gerektiginde uygulanir. Metal iyonlariin bilesimin bir
bileseni oldugu c¢inko fosfat ve manganez fosfat kaplama c¢ozeltilerinin aksine, demir fosfat
¢ozeltilerinde demir iyonlari ¢dziinen substrat tarafindan saglanir [3].

Mangan fosfat kaplamalar, asinma direnci ve antigalling 6zellikleri gerekti§inde uygulanir. Mangan
fosfat ayrica yag tutma Ozelligine sahiptir, bu da siirtiinme Onleyici 6zellikleri daha da gelistirir ve
kaplanmis pargalara korozyon direnci kazandirir.

Fosfat kaplamalar iyi yapisma ve bir miktar bariyer korumasi saglamasina ragmen, kaplama hasar
gordiigiinde korozyon ilerlemesi agik metal yiizeyde hizla baslar ¢linkii diisiik ¢oziiniirlikli fosfatlar
kromatlara kiyasla yeterli inhibisyon giiciine sahip degildir ve bu nedenle hasarli bélgenin kendi kendini
iyilestirmesini saglayamaz.

Reaksiyon i¢in fosforik asit tiikketimi, metal yiizeye bitisik katmandaki ¢ozeltinin asitliginin azalmasina
neden olur. Noétralize edilmis ¢ozeltideki ¢inko fosfatin ¢oziiniirliigii azalir, bu da tuzun ¢okelmesine ve
substrat yiizeyinde birikmesine neden olur:

Bu ¢alismada, farkli toplam asit konsantrasyonlar1 kullanilarak ¢inko fosfatlama islemiyle karbon celigi
iizerinde olusan kaplamalar incelenecektir. Toplam asit konsantrasyonunun tane boyutu, kaplama
agirhigi ve ylizey morfolojisi lizerindeki etkileri aragtirilacaktir.

2. DENEYSEL CALISMALAR

Caligma kapsaminda altlik olarak karbon celigi (S275) kullanilmistir. Kaplama 6ncesi numuneler farkli
boyuttaki zimpara kagitlar1 ile zimparalanmig ve parlatilmistir. Fosfat banyosu i¢indeki farkli toplam
asit konsantrasyonlar1 ¢aligilarak kaplama kristal yapisina ve kaplama agirligina etkilerinin gozlemistir.
Kullanilan yag alma, aktivasyon ve fosfat banyo parametreleri Tablo 1’de sunulmustur.

Tablo 1: Yag Alma, Aktivasyon ve Fosfat banyosu parametreleri ve konsantrasyonlari

Onerilen Parametre Kullanilan Banyo Parametreleri
Araliklar
| 1 1l
Yag Alma %3-10 %6,5 %6,5 %6,5
(Degreasing Cleanox)
Aktivasyon pH 7-11 8-9 8-9 8-9
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(Activation Gardolene)

Toplam Asit (20-26 mL) 18 mL 21 mL 25 mL
Fosfat Serbest Asit (0.6-1.0 mL) 1.46 mL 190mL 256 mL
Hizlandiricr (1.5- 2.5 mL) 1.4 mL 1.8 mL 2.1mL

Fosfatlama ve pasivasyon iglemlerinden dnce uygun kaplama olusumunu desteklemek i¢in altlik bazi
yiizey islemlerinden gegcirilmistir. Sekil 1°de tiim fosfatlama siireci acik bir sekilde sunulmustur. ilk
olarak yag, gres ve korozyon iirlinleri ve kirlilikleri numune yiizeyinden arindirmak i¢in numuneye 10
dakika boyunca sicak yag iglemi uygulanmistir. Yag alma islemi sonrasi durulama islemine gegilmis
olup, bu islem sonraki asamalar kirletebilecek kimyasallarin siiriikklenmesini 6nlemek i¢in yapilmustir.
Daha sonra fosfatlama 6ncesi uygulanan aktivasyon igslemine geg¢ilmistir. Aktivasyon banyosu koloidal
titanyum fosfattan olugmaktadir. Fosfatlama sirasinda aktivasyon olusan ilk ¢ekirdeklenme bdlgelerini
arttirarak tane olusumuna yardimci olur. Aktivasyon islemi ile ortaya ¢ikan fosfat kristal boyutu daha
ince olmaktadir.

Durulama Aktivasyon Fosfatlama Pasivasyon Durulama

Sekil 1: Fosfatlama islem basamaklar1
Sekil 2’de fosfatlama reaksiyonun mekanizmasi model {lizerinde gosterilmistir. Fosfatlama prosediirii
icin, fosforik Asit (HsPOs), Zn2+ iyonu igeren ve son olarak kaplama hizini arttiran ve tane boyutunu
azaltan oksitleyici bir reaktif hidroksi amin igeren bir banyo kullanildi. Ayrica hizlandirict olarak

eklenen hidroksi amin ¢amur olusumunu engelleyerek banyonun stabil kalmasini saglar. Fosfatlama
isleminin kimyasal reaksiyonu asagida verilmistir.

Fe —» Fe?* + 2e~ (Anot-Oksidasyon)
2H* +2e™ > 2Hg, - H, (Katot-indirgenme)

Fe +2e~ — Fe?t + H,

3Zn** + 2H,P0; + 4H,0 & Zn3(P0,);.4H;0 501 + 4H* Hopeit

Fe®* +2Zn** 4+ 2H,P0; + 4H,0 < FeZny(P04);.4HyOcskeri + 4H* Fosfolit

ZNnz_y_,(Ni,Mn,)(P0,),.4H,0 Trikatyonik
Ni-Mn-Zn

Hizlandiricilar, H+ iyonlar ile reaksiyona girerek altlik yiizeyin pH'im artirir ve Fosfat ¢ozeltilerinin
metal yiizeyle temasini engelleyen H2 gaz kabarciklarinin biiylimesini 6nlemektedir.

Zirkonyum esasli pasivasyon, fosfat kristallerini ve kristaller arasindaki bosluklart pasivize
(miihiirleyerek) edilerek korozyon dayamiminda artisa sebep olur. Pasivasyonun zirkonyum esash
olmasinin ana amaci Cr+3 zararli agir metaller yerine tercih edilmesidir. Ayrica pasivasyon fosfat
kristalleri arasindaki bosluklari azaltarak korozyon dayanimini arttirir.

Pasivasyon sonrasi son olarak durulama yapilarak fosfatlanmis numune hazir hale getirilmistir.

Fosfatlama iglemine tabii tutulan yiizey, asit kalintisi, ¢Ozilinebilir tuzlar ve yapiskan olmayan
pargaciklarin uzaklagtirilmasi i¢in deiyonize su ile iyice durulanmalidir. Fosfatlama sonrasinda yiizeyde
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olusan asit kalintis1 ve tuzlar bir sonraki kaplama asamasinda yapigsma kalitesini olumsuz etkiler ve
korozyon direncinin diisiik olmasina neden olur.

Zinc Phosphoric Acid
H3PO,

)
4

Demir metaldela > o an .
alektronu cizer d;;-ez t \

I

L

Aynismig Fosforik

2
o)
S

olusturur B
ZnaPO,, . HyPO4 coziinebilir
Altlik H,PO," iyon
Zn?
Yiksek
pH
bilgesi

Sekil 2: Fosfatlama reaksiyonu mekanizmasi [4]

Demir ve ¢inko fosfat prosesinde istenmeyen atik yan iiriin goz ardi edilirse fosfat camuru birikecek ve
fosfat banyosunun kimyasal verimliligi azalacaktir. Olusan ¢amur periyodik olarak temizlenmelidir.

Fe?* + H* + 0, -» Fe3* + HNO,

Fe3* + H,PO; - FePO, + 2H*

0,: Oksidasyon maddeleri (hizlandirict olarak kullanilir)

Fosfatlama banyosundaki konsantrasyon optimum seviyede tutulmali ve banyo belirli araliklarla
camurdan armndirilmalidir. Hizlandirici konsantrasyonundaki artis daha iyi kaplama olusumuna
yardimer olurken, ¢ok yiiksek konsantrasyonda metal yiizeyin pasiflesmesine neden olabilir. Islem
stiresinin doyma noktasinin 6tesine arttirilmasinin kaplamanin performansi iizerinde herhangi bir etkisi
yoktur.
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3. SONUCLAR VE TARTISMA

Fosfatlama banyosundaki toplam asit konsantrasyonunun kaplama kristal yapisina ve kaplama
agirligina etkileri incelenmistir. Fosfat banyo analizi Sekil 3’te verilmistir.

Sekil 3: Fosfat banyo analizi

Toplam asit, serbest asit ve hizlandirici konsantrasyonlar farkli yontemlerle ol¢iiliir.

Toplam asit konsantrasyonunun 20-26 ml araliginda olmalidir. Toplam asit, banyo igerisinde notralize
olmus asitlerin toplamidir. Serbest asit konsantrasyonu 1,5-2,0 aralinda olmalidir. Serbest asit fosfat
reaksiyonunu baglatmak i¢in orijinal ve aktif durumda bulunan asit miktaridir. Hizlandiricinin, etkisi
banyoda ¢camur birikimi engeller.

Sekil 4'te, fosfatlama iglemi sonrasinda 1000x ve 3000x biiyilitme ile elde edilen yiizey goriintiileri
gosterilmektedir. 18 mL'lik hafif asit igeren bir banyoda lamel seklinde yap1 gozlenirken, 21 mL ve 25
mL'lik toplam asit igeren banyolarda ise kiiresel yapida fosfat kristalleri olusmustur. Ancak, 18 mL'lik
asit igeren banyoda, sabit asit miktarindaki diisiiklik nedeniyle kristal olusumu sinirlt kalmis, sonug
olarak yiiksek kristal boyutlu ve lamelli bir yap1 gézlenmistir. Diger yandan, 21 mL ve 25 mL'lik asit
iceren banyolarda {iretilen kaplamalarda istenen tipik kiiresel yapi elde edilmistir ve her iki
konsantrasyon igin de basarili sonuglar elde edilmistir. Ancak, karsilastirildiginda, 21 mL'lik asit igeren
banyoda kristal boyutunun daha diisiik ve homojen bir dagilima sahip oldugu gézlenmistir. 25 mL'lik
konsantrasyonda ise tekrar kiiresel yap1 gézlenmis ancak kristal boyutunda bir artis meydana gelmistir.
Ayrica, 25 mL'lik konsantrasyonda yapilan yiiksek bilylitme goriintiisii incelendiginde, fosfat
kristallerinin yiizeyde homojen olarak dagilmadigi ve bazi bosluk bdlgelerinin bulundugu gézlenmistir.
Bu durum, fosfat kaplamanin korozyon dayanimini azaltmakta ve bir sonraki kaplamanin yapisma
mukavemetini diistirmektedir. Tiim yiiksek ve diigiik biiyiitme SEM goriintiileri incelendiginde optimum
degerin, en homojen dagilima ve en diisiik fosfat kristal boyutuna sahip 21 mL'lik toplam asit igeren
banyonun oldugu sdylenebilir.
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Sekil 4: Farkli toplam asit miktarlarinda olusan fosfat kristallerini.

Tablo 2'de, fosfatlama sonrasi kaplama kalinliginin net olarak belirlenemedigi i¢in kaplamalarin
agirliklart g/m? cinsinden gardometre cihaziyla Olglilmiistiir. Toplam asit konsantrasyonuna gore
degisen ylizeylerde olusan kaplama agirliklar incelendiginde, en diisiikk kaplama agirliginin 18 mL
toplam asit konsantrasyonunda elde edildigi goriilmiistiir. En yiiksek kaplama agirligr ise 21 mL toplam
asit konsantrasyonunda belirlenmistir. Bu durum, yapidaki kiiresel fosfat kristallerinin daha kiigiik
boyutlu ve homojen olarak dagildigina isaret etmektedir. Ancak, 25 mL toplam asit konsantrasyonunda
kaplama agirhiginin 2.3 g/m*'e diistiigii gozlenmistir. Bu durumda, kristal boyutundaki diisiisiin nedeni,
fosfat kristallerinin homojen olarak yiizeyde dagilmamasi ve tane boyutlarinin ytiksek olmasidir.

Tablo 2: Toplam asit konsantrasyonunun yiizeyde olusan kaplama agirligina etkisi

Toplam Asit Konsantrasyonu Yiizeyde Olusan Kaplama Agirhigi
18 mi 1.8 g/m?
21 ml 2.8 g/m?
25 ml 2.3 g/m?
3. SONUC

Oncelikle, 18 mL toplam asit iceren banyoda gdzlenen yiiksek boyuttaki hafif lamel yapi, sabit asit
miktarindaki diistikliik nedeniyle kristal olusumunun smirli kaldigini gostermistir. Diger yandan, 21 mL
ve 25 mL toplam asit igeren banyolarda elde edilen kiiresel yapidaki fosfat kristalleri, istenen tipik
yapiya uygun olarak olusmustur. Her iki konsantrasyon i¢in yapilan incelemeler, 21 mL toplam asit
miktarinda kristal boyutunun daha diisiik ve homojen bir dagilima sahip oldugunu gostermistir.

Kaplama agirliklari incelendiginde, en diisiik kaplama agirliginin 18 mL toplam asit iceren banyoda elde
edildigi ve en yliksek kaplama agirliginin ise 21 mL toplam asit miktarinda gerceklestigi belirlenmistir.

123



\/ . . .
'5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Bu durum, yapidaki kiiresel fosfat kristallerinin daha kii¢iik boyutlu ve homojen olarak dagildigina isaret
etmektedir. Ayrica, 25 mL toplam asit konsantrasyonunda kaplama agirliginin diismesi, fosfat
kristallerinin homojen olarak yilizeyde dagilmamasi ve tane boyutunun yiiksek olmasindan
kaynaklanmaktadir.

Sonug olarak, tiim yiiksek ve diisiik biiyiitme taramalar1 incelendiginde, en homojen dagilima, en diisiik
fosfat kristal boyutuna ve en yiiksek kaplama agirligina sahip optimum toplam asit miktarinin 21 mL
oldugu tespit edilmistir. Bu bulgular, fosfatlama islemi i¢in optimum asit konsantrasyonunun
belirlenmesi agisindan 6nemli bir bilgi sunmaktadir.
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Abstract

This study examines the bond-slip behavior between carbon fiber reinforced polymer (CFRP) sheets
and lightweight geopolymer concrete (LWGC) specimens after exposure to several increased
temperatures (20°C, 200°C, 400°C, and 600°C). 32 lightweight geopolymer specimens were subjected
to double-shear tension testing in order to evaluate the influence of different widths and lengths of CFRP
bonding. The specimens were molded and adhered to sheets of CFRP. The color appearance, mass loss,
density, compressive strength, splitting strength, failure mode, the behavior of bond force-slip curves,
the ultimate bond force and slip, the influence of temperature on the behavior of bond force-slip,
stiffness, toughness, and microstructural analysis were examined before and after exposure to elevated
temperatures. It was found that the average residual strengths (compressive and splitting) were 80%,
44%, and 25%, respectively, when the LWGC specimens were heated to 200 °C, 400 °C, and 600 °C.
The impact of temperature on bond-slip behavior is minimal at low temperatures, specifically up to
200°C. Under these conditions, there is only a slight 5% decrease in the ultimate bond force and the
corresponding slippage. However, when subjected to temperatures as high as 400°C, there is a
significant reduction in both the ultimate bond force and the associated slippage, reaching up to 32%
and 24%, respectively. The ultimate bond force and associated slippage experience a substantial decline
when exposed to even higher temperatures, such as up to 600°C, with reductions of 48% and 41%,
respectively.

Keywords: Lightweight geopolymer concrete (LWGCs), Carbon fiber reinforced polymer (CFRP)
sheet, Bond-slip behavior, Elevated temperatures.

1. INTRODUCTION

Geopolymer concrete is a more sustainable option compared to typical Portland cement concrete, since
it provides improved strength, durability, and environmental advantages. The research investigates
many facets of geopolymer concrete, including its compressive strength, tensile strength, flexural
strength, and sustainability performance (Kanagaraj et al., 2022; Nagaraju et al., 2023). Furthermore,
Geopolymer concrete is a sustainable alternative to conventional Portland cement, which generates
significant carbon dioxide emissions during production, contributing to environmental preservation.
Moreover, geopolymer concrete exhibits superior durability and long-term sustainability compared to
traditional cement-based concrete. Besides its environmental benefits, geopolymer concrete is produced
by activating aluminosilicate materials with alkaline solutions, resulting in an enhanced cementitious
binder with improved properties (Singh et al., 2019; Singh & Middendorf, 2020). Lightweight
geopolymer concrete (LWGC) is an innovative and sustainable construction material that has gained
significant attention in recent years due to its superior durability, lower environmental impact, and
sustainable characteristics (Tale Masoule et al., 2022). LWGC is a type of concrete that utilizes
lightweight aggregates, such as glass foam or artificial lightweight aggregates, in combination with
geopolymer binders, which are formed by the reaction of aluminosilicate materials with alkaline
activators (Abbas et al., 2018; Nasser et al., 2020; R. Zhao & Sanjayan, 2011). The use of lightweight
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aggregates in LWGC offers several advantages, including reduced self-weight, improved thermal
insulation, and enhanced fire resistance, making it an attractive choice for various construction
applications (Youssf et al., 2023). Additionally, the geopolymer binder system provides excellent
durability and mechanical properties, while also contributing to a lower carbon footprint compared to
traditional Portland cement-based concrete (Ming et al., 2019; Posi et al., 2013). In addition to the
lightweight and sustainable characteristics of geopolymer concrete (LWGC) mentioned previously, its
performance at elevated temperatures is a crucial aspect to consider, especially for construction
applications. Research has been conducted to investigate the mechanical properties and durability of
LWGC when exposed to high temperatures. Elevated temperatures have a significant impact on the
thermal characteristics and mechanical properties of geopolymer materials derived from fly ash. This
includes products such as paste, mortar, and lightweight concrete. Research shows that geopolymer
concrete, which includes lightweight fly ash components that are not in pellet form, performs better at
high temperatures than traditional Portland cement concrete (Junaid et al., 2015). Moreover,
Geopolymer materials have excellent thermal resistance, with their compressive strength first increasing
and then gradually decreasing after being exposed to high temperatures (J. Zhao et al., 2021).
Nevertheless, LWGC exhibits early strength improvements at lower temperatures but undergoes
strength degradation at higher temperatures, accompanied by noticeable microstructural alterations,
including heightened microcracks and expansion of unreacted silicates (Abdulkareem et al., 2013). The
provided context highlights the need for effective repair methods to restore the structural integrity and
durability of building components that have suffered significant damage due to high-temperature
exposure. Carbon fiber-reinforced polymer (CFRP) composites have emerged as a widely adopted
technique for repairing and strengthening structural elements. While more costly than traditional
materials like steel, CFRP offers several advantages: (i) Resistance to corrosion and chemical attacks,
enhancing durability, (ii) Lightweight yet high strength-to-weight ratio, making it suitable for various
applications, (iii) Low thermal conductivity, providing insulation properties, and (iv) Ease of
application, simplifying the repair process (Al-Rousan et al., 2018; Vijayan et al., 2023). Despite the
higher upfront cost, the superior properties of CFRP composites make them an attractive choice for
structural repair and reinforcement, particularly in scenarios where long-term durability and resistance
to harsh environments are crucial. Externally bonding carbon fiber-reinforced polymer (CFRP) sheets
is an effective method for repairing and strengthening reinforced concrete structures. The quality of the
repair depends on the bonding between the CFRP sheets and the concrete substrate, which is achieved
by using an efficient epoxy adhesive (Jumaat et al., 2011). The bond-slip relationship between concrete
and CFRP is essential in establishing the structural effectiveness of CFRP-reinforced concrete parts.
The bond between FRP composites and concrete is crucial for effective strengthening and repair of
concrete structures. Several factors influence the bond-slip behavior, including concrete strength, FRP
sheet dimensions, adhesive properties, surface preparation, and anchorage systems (Al-Allaf et al., 2016;
Alhassan et al., 2019). Various experimental studies have been conducted to understand the failure
modes and optimize the bond performance. Improving the bond can enhance the load transfer and ensure
the composite action between FRP and concrete, leading to more effective structural rehabilitation. A
thorough literature review revealed a lack of existing studies specifically investigating the bond-slip
behavior between carbon fiber-reinforced polymer (CFRP) sheets and lightweight geopolymer concrete
(LWGC) exposed to elevated temperatures. This study aims to bridge this knowledge gap by providing
a comprehensive understanding of the bond-slip characteristics between CFRP sheets and heat-damaged
LWGC. As a result, this study aims to evaluate the effects of elevated temperatures on the bond
performance between CFRP and LWGC, which is crucial for assessing the durability and structural
integrity of strengthened geopolymer concrete structures in high-temperature environments. Moreover,
to investigate the potential use of LWGC as a sustainable alternative to traditional lightweight concrete
for strengthening applications, considering its enhanced thermal resistance and reduced environmental
impact.

2. Experimental Program

2.1. Description of Specimens

A total of 32 LWGCs blocks measuring 150 x 150 x 150 mm have been produced for this study. The
specimens of LWGCs were categorized into four groups based on the temperature level. The tested
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specimens were identified using alphanumeric labels that indicated the characteristics of the lightweight
geopolymer concrete (LWGC), the temperature influence (T: 20, 200, 400, 600 °C), the width of the
CFRP bonding (Wf: 50mm, 100mm), and the length of the CFRP bonding (Lf: 50mm, 100mm). Table
1 provides a comprehensive description of the tested samples.

2.2. Material Properties

2.2.1. Geopolymer Concrete

The fabrication of LWGCs specimens was accomplished by utilizing ground granulated blast furnace
slag (GGBS), fly ash (FA), and expanded glass granule aggregate (EGGA). The LWGCs specimens
have been produced by mixing EGGA, fine aggregate, and normal coarse limestone aggregate with
GGBS and FA. The proportion of GGBS to FA in the LWGC sample was 1:2. Table 2 presents the
chemical properties of GGBS, fly ash, and EGGA. The geopolymer binder was activated by combining
sodium hydroxide solution (NaOH) with sodium silicate (Na2SiO3) to create an alkaline activator. The
NaOH solution was prepared by dissolving sodium hydroxide powder in water with a concentration of
12 moles and allowing it to stand at room temperature for 24 hours prior to use. The sodium silicate
solution comprised of 13.7% sodium dioxide, 29.4% silicon dioxide, and 55.5% water. The ratio of the
alkaline activator solution to binder was 0.45. To get the necessary workability of the combinations, a
superplasticizer was included. The specimens were fabricated, thereafter shielded with plastic sheeting
for a duration of one day, and subsequently removed from the molds and enclosed in plastic bags. They
were then stored at ambient temperature for a period of 28 days. Table 3 displays the proportions of
LWGC, whereas Figurel depicts the procedures of mixing, casting, and curing of the samples.

2.2.2. CFRP Sheet And The Epoxy Adhesive

In this study, a unidirectional CFRP sheet with a 0.3 mm thickness and epoxy resin were used for
bonding with NWGC and LWGC specimens. Table 4 summarizes the mechanical properties of CFRP
and epoxy adhesive.

Table 1: Description of the testing procedure and specimen designation.

) ) Temperature Bond Bond No. of
Designation width, length, 0.0
(°C) W (mm)  Lf (mm) specimens
LWGCT20°,200°,400°,600°W50Lf50 20, 200, 400, g 50 8
LWGCT20°,200°,400°,600°W50Lf100 600 50 100 8
LWGCT20°,200°,400°,600°W{100Lf50 100 50 8
LWGCT20°,200°,400°,600°W{100Lf100 100 100 8

Note: during the test, two samples were used for each type of designation.

Table 2: Chemical properties of fly ash, GGBS, and EGGA.

component. AZ02 M@0 Ca0 K:O Fe:0: Na:O0 SO: SiO; Specific Losson fii';:;es
P % % % % % % % % gravity igniton o "
Fly ash 244 103 3412 097 7.1 038 029 364 279 152 379
GGBS 1039 24 224 337 069 035 049 57.2 215 164 418
EGGA 041 089 435 02 009 187 - 729 - 233 -
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Table 3: Mixture proportions of LWGC.

NaSi NaO

Fly Coarse

EGG

Fine Densit

g//lgé O3 H Slag ash Agg. A Agg. y é‘ilrifgg'{ SP, %
Kg/m?®
LWGC 193 77 400 200 300 95 580 1654 0.45 4.5
Table 4: Properties of CFRP sheet and epoxy resin.
Material Tensile Modulus of Thickness, Elongation,  Area weight,
type strength, elasticity, GPa mm % g/m?
MPa
CFRP 4900 240 0.3 2.1 300
Epoxy resin 54 3.034 - 35 -

W)

v

(vi)

Figure 1: Mixing, casting, and curing of the LWGC samples: (i) EGGA, (ii) consistent ingredients; (iii)
blending activator with geopolymer concrete; (iv) molds used for casting specimens; (v) casting and vibration;
(vi) specimen curing

2.3. Heating Procedure
Prior to exposure to temperatures of 200 °C, 400 °C, and 600 °C, all LWGC samples underwent a
preheating process at 105 °C for 24 hours in an oven after the curing process was completed. The purpose
of this procedure was to remove any moisture on the surface and desiccate the samples prior to subjecting
them to the desired temperature [38]. Following the preheating procedure, the samples were introduced
into an electric furnace and subjected to a constant heating rate of 10 °C/min until the target temperature
was reached. The specimens were thereafter maintained at a consistent temperature for a duration of 1
hours in order to establish a stable heat condition, as seen in Figure 2(b). After the heating procedure
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was completed, the specimens were allowed to cool within the furnace. Figure 2 depicts the time-
temperature schedule for the heating procedure.

2.4. Preparation of Specimens

After the heating procedure, the heated and unheated specimens for both NWGC and LWGC were
prepared for bonding to CFRP sheet. To do this, the specimen's weak surface was first removed with a
steel wire brush grinding equipment, followed by a cleaning with an air jet to clean up any leftover dust.
prior to applying the epoxy resin, the area where the CFRP sheets would be bonded was marked, and
the surrounding area was protected using plasterer's tape. Furthermore, a 25 mm of the specimen’s top
was left unbonded with plastering tape to avoid the possibility of a failure at a localized area due to
stress concentration. Finally, epoxy resin was used to attach the CFRP sheet to both sides of the NWGC
and LWGC specimens, and the samples were left to cure for two weeks before testing.

600 |
— ——600°C
500 | ——400°C
i ——200°C
O 400k
‘é’ [
=
©
$ 300
[«
S
(5]
=
200
100
0 :‘ 1 1 1 1 P IR . | I
0 4 8 12 16 20 24 28

Time (hr)

Figure 2: The time-temperature schedule of heating process.

2.5. Testing Procedures

2.5.1. Bond-Slip Test

The bond-slip test approach was used to assess the outcomes of double shear tension testing on both
heated and unheated LWGC samples. Each specimen was tested twice, and the findings were assessed
based on the average of these two samples. The bond-slip test process included using a specific steel
frame and bolts to firmly attach all test specimens to the lowest platen of the testing machine. Figure 3
depicts this configuration. A hydraulic jack with a capacity of 100 kilonewtons (KN) was used to
uniformly apply stress to all specimens. The experiment was carried out under displacement-controlled
circumstances, with a loading rate of 0.3 mm/min. A load cell was used to measure the load. In order to
ascertain the amount of slippage occurring at the interface between the sample face and the CFRP sheet,
two Linear Variable Differential Transformers (LVDTSs) were positioned on opposite sides of the
specimen. An L-shaped steel plate was attached to the surface of the CFRP sheet in order to install the
LVDTs. The data obtained from the Linear Variable Differential Transformers (LVDTSs) and load cell
were captured using a data gathering system.

2.5.2. Mechanical Strengths
In order to evaluate the mechanical characteristics of LWGC specimens, their compressive and splitting
tensile strengths were analyzed according to the standards ASTM C109 and ASTM C496, respectively.
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The compression strength of the specimens was tested using cube-shaped samples of 150x150x150 mm,
while the splitting tensile strength was evaluated using cylinder samples measuring 100x200 mm. A
total of four samples were examined from each group, and the average strength was calculated.

Applied load (P)

FRP Sheet

Specimens

Figure 3: Double-shear bond test setup.

3. RESULTS AND DISCUSSION

3.1 Color Appearance and Mass Loss

Figure 4 illustrates the changes in the color appearance of the LWGC samples before and after the
heating process. As the temperature increases to 200°C, the sample takes on a darker gray shade. Further
increase in temperature to 400°C results in the sample having a brownish-gray color. Finally, at 600°C,
the sample exhibits a significantly darker gray-brown or black-to-brown color. This progressive color
change from lighter to darker shades as the temperature rises can be attributed to various factors, such
as chemical transformations, dehydration, and oxidation reactions occurring within the geopolymer
matrix and lightweight aggregates at elevated temperatures. Zhao and Sanjayan (R. Zhao & Sanjayan,
2011)claim this is due to the fly ash's high iron oxide concentration.

The reduction in mass of LWGC specimens due to exposure to high temperatures was assessed by
comparing the weights of the cube samples before and after the exposure. The relationship between
mass loss and different temperature exposure levels of the LWGC specimens is seen in Figure 5. The
mass loss of LWGC samples increased as exposure temperatures increased, as seen in Figure 5. The
mass losses were 2%, 9%, and 12% when subjected to temperatures of 200°C, 400°C, and 600°C,
respectively.
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Figure 4: Color appearance of LWGC specimens exposed to elevated temperatures
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Figure 5: Mass loss of LWGC specimens exposed to elevated temperatures

3.2. Density, Compressive and Splitting Strength of LWGC

Table 5 provides a summary of the relationship between density, compressive strength, and splitting
strength of LWGC with respect to applied temperature. Figure 4 (a) displays the relative residual density
of LWGC specimens after being subjected to high temperatures. The residual densities of LWGC
specimens at temperatures of 200 °C, 400 °C, and 600 °C were 97%, 91%, and 89% of the control
specimen, respectively. Observations indicate that the density of LWGC decreases somewhat
throughout the temperature range of 20 — 200 °C. Following a temperature of 200 °C, the LWGC

131



\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

specimens exhibited a more pronounced decrease in density. The reason for this phenomenon may be
attributed to the escalation of thermal pressure as the temperature increases, resulting in greater damage
to the bond between the expanded glass aggregate and the geopolymer matrix (Turkey et al., 2022).
Figure 4 (b) illustrates the relationship between the remaining compressive strength and the temperature
at which it was applied for specimens made of lightweight concrete. The residual compressive strengths
of the LWGC specimens heated at 200 °C, 400 °C, and 600 °C were 81%, 43%, and 26%, respectively,
as compared to the unheated specimen. Figure 4(c) displays the residual splitting tensile strength of
LWGC specimens before and after exposure to different temperatures. When subjected to varying
temperatures of 200 °C, 400 °C, and 600 °C, the remaining splitting tensile strengths were 78%, 44%,
and 23%, respectively. As shown in Figure 4 (b and c), the strength values of LWGC specimens
exhibited a modest decline at 200 °C and a large decrease at 400 °C and 600 °C. The decrease in strength
values found in the specimens as the temperature increases may be attributed to the thermal pressure
released by water evaporation from the geopolymer matrix. As the temperature increased, the vapor
pressure also increased, resulting in thermal strains that ultimately caused the creation of thermal

fractures.
Table 5: Mechanical characteristics of LWGC.
Temperature Density, Compressive Splitting strength,
(°O) ¥ (Kg/m?®) strength, fcu (MPa) ft (MPa)
20 1654 22.82 1.32
200 1612 18.56 1.04
400 1513 9.81 0.58
600 1473 5.87 03

Note: the average strength was determined by testing four samples from each group.
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Figure 6: Residual values of LWGC exposed to elevated temperatures (a) density, (b) compressive strength, and
(c) splitting tensile strength

3.3. Failure Mode

Based on a majority of the previous studies, the bond-slip behavior could appear in one of three failure
modes: (a) fully bonded interface, (b) debonding interface, or (c) splitting failure/shear-off of the
concrete (Alhassan et al., 2019; Alshuqari & Cevik, 2022; Irshidat & Al-Saleh, 2016). In this study, the
most common failure mode observed was splitting failure/shear-off of the geopolymer concrete,
regardless of temperature or bonding area of the CFRP sheet. The failure mode is influenced by the
dimensions of the CFRP sheets, with larger bonding areas leading to larger geopolymer concrete shear-
off zones. At lower temperatures, the shear-off angle originated from the free CFRP end at around 45°,
while at higher temperatures it transitioned to a more vertical orientation.

(@ 20°C (b) 200 °C
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(c) 400 °C (d) 600 °C
Figure 7: Modes of failure for LWGC specimens

3.4. Bond Force-Slip Curves

Figure 8 presents the bond-slip responses of LWGC specimens. The bond-slip responses of LWGC
specimens, as depicted in Figure 8, can be observed to exhibit two distinct stages. The initial stage,
which represents the elastic behavior and stiffness of the specimen, is characterized by a linear zone that
begins at the start of the loading process. Within this zone, there is a gradual increase in bond force
accompanied by a slight slip, until the initiation of CFRP sheet debonding. The second stage, which is
nonlinear, commences after the elastic zone and extends until failure. In this stage, there is a rapid rise
in bond force accompanied by a significant increase in slip.
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Figure 8: Bond force vs slippage curves of LWGC specimens

3.5. Maximum Bond Force and Ultimate Slip

Table 6 illustrates the outcomes of the LWGC specimen tests. To examine the influence of CFRP
bonding widths and lengths on the bond-slip relationship under various temperatures, the maximum
bond force and its corresponding slip for each specimen were compared to that of the sample with a
smaller bonding area of Wf=50mm and Lf=50mm. The results of the LWGC specimens, as presented
in Table 6 and Figure 8, indicate that increasing the CFRP bond width and length results in an increase
in both the maximum bond force and ultimate slippage. For unheated specimens, when Wf and Lf were
increased to (Wf=50mm, Lf=100mm), (Wf=100mm, Lf=50mm), and (Wf=100mm, Lf=100mm),
respectively, the maximum bond force increased by 57%, 54%, and 138%. Additionally, the ultimate
slippage increased by 39%, 48%, and 125%, respectively. When the specimens were heated to 200 °C,
the maximum bond force improved by 53%, 51%, and 140%, respectively, for the same parameters.
Furthermore, the ultimate slip increased by 37%, 52%, and 126%, respectively. For specimens exposed
to 400 °C, the maximum bond force increased by 80%, 62%, and 176%, respectively, for the same
parameters. Similarly, the associated ultimate slippage increased by 30%, 62%, and 110%, respectively.
For specimens exposed to 600 °C, the maximum bond force showed an increase of 77%, 69%, and
110%, respectively, for the same parameters. Moreover, the corresponding ultimate slip improved by
20%, 33%, and 50%, respectively.

Table 6: Tested results for LWGC specimens.

Designation T,°C WA, Lf, Prmax, Su, S, T,
mm mm kN mm kKN/mm KkN.mm

LWGCT20°W{50Lf50 20 50 50 13.14 0.693 37 6.60
LWGCT20°W{50Lf100 50 100 20.62 0.962 67 15.34
LWGCT20°W{100Lf50 100 50 20.17 1.025 52 15.84
LWGCT20°Wf100Lf100 100 100 31.31 1.556 152 40.60
LWGCT200°W{50L{50 200 50 50 12.64 0.656 31 5.65
LWGCT200°W{50L{f100 50 100 19.32 0.896 50 12.59
LWGCT200°W£100Lf50 100 50 19.05 1.000 44 13.88
LWGCT200°W£100Lf100 100 100 30.39 1.483 96 35.16
LWGCT400°W{50L{50 400 50 50 8.21 0.529 25 3.00
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LWGCT400°W{50Lf100 50 100 14.79 0.689 41 7.17
LWGCT400°W{100Lf50 100 50 13.33 0.858 31 7.92
LWGCT400°W{100Lf100 100 100 22.65 1.113 67 19.55
LWGCT600°W150Lf50 600 50 50 6.64 0.479 22 2.09
LWGCT600°W{50Lf100 50 100 11.75 0.573 38 5.06
LWGCT600°Wf100Lf50 100 50 11.23 0.637 27 4.59
LWGCT600°W{100Lf100 100 100 13.97 0.718 53 7.71

Pmax: bond force; Su: ultimate slip; S: stiffness; T: toughness.

3.6. The Influence of Temperature on The Behavior of Bond Force-Slip

Figure 9. displays the values of the maximum bond force (Pmay and ultimate slip (Sy) for LWGC
specimens subjected to various temperature exposures. The results of specimens with different bonding
widths and lengths were compared to that of the control specimen, which was an unheated specimen.
The results indicate that Pmax and S, decreased significantly with increasing exposure temperature for
all tested specimens. Specifically, for a specimen with Wf=50mm and Lf=50mm, the maximum bond
force decreased by 4%, 38%, and 49%, respectively, when exposed to higher temperatures of 200 °C,
400 °C, and 600 °C. Correspondingly, there was a 5%, 24%, and 31% decrease in the corresponding
ultimate slippage, respectively. Similarly, for a specimen with Wf=50mm and Lf=100mm, the reduction
in maximum bond force when exposed to higher temperatures of 200 °C, 400 °C, and 600 °C was 6%,
28%, and 43%, respectively. Furthermore, the corresponding ultimate slippage decreased by 7%, 28%,
and 40%, respectively. For a specimen with Wf=100mm and Lf=50mm, the reduction in the maximum
bond force when exposed to higher temperatures of 200 °C, 400 °C, and 600 °C was 6%, 34%, and 44%,
respectively. Additionally, the corresponding ultimate slippage decreased by 3%, 16%, and 38%,
respectively. For a specimen with Wf=100mm and Lf=100mm, the reduction in the maximum bond
force when exposed to higher temperatures of 200 °C, 400 °C, and 600 °C was 3%, 28%, and 55%,
respectively. Correspondingly, the corresponding ultimate slippage decreased by 5%, 29%, and 54%,
respectively. The findings mentioned earlier suggest that LWGC specimens exhibited a more
pronounced decrease in both maximum bond force and ultimate slip at elevated temperatures. This can
be attributed to the substantial softening of the expanded glass granular aggregate in LWGC specimens
when exposed to high temperatures, resulting in a loss of strength.
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Figure 9: Bond force and slippage for LWGC specimens: (a) Pmax , (b) Su
3.7. Stiffness and Toughness
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Table 6 presents the calculated stiffness and toughness values in correlation with the bond-slip curves
of the LWGC specimens. The stiffness, shown by the slope of the first portion of the curve, is found by
examining the behavior of specimens in their early phases. At the same time, the toughness is acquired
by calculating the entire area under the bond-slip curves. Figure 10 (a) displays the stiffness results for
LWGC specimens, which reveal that stiffness values decreased as the temperature increased for the
same CFRP configuration. For a specimen with Wf=50mm and Lf=50mm, the stiffness values decreased
by 19%, 48%, and 68%, respectively, when exposed to higher temperatures of 200 °C, 400 °C, and 600
°C. Similarly, for a specimen with Wf=50mm and Lf=100mm, the reduction in the stiffness values when
exposed to higher temperatures of 200 °C, 400 °C, and 600 °C was 34%, 63%, and 76%, respectively.
For a specimen with Wf=100mm and Lf=50mm, the reduction in the stiffness values when exposed to
higher temperatures of 200 °C, 400 °C, and 600 °C was 18%, 68%, and 37%, respectively. For a
specimen with Wf=100mm and Lf=100mm, the reduction in the stiffness values when exposed to higher
temperatures of 200 °C, 400 °C, and 600 °C was 58%, 127%, and 187%, respectively.

Figure 10 (b) displays the toughness results for LWGC specimens, which reveal that toughness values
decreased as the temperature increased for the same CFRP configuration. For a specimen with
Wif=50mm and Lf=50mm, the stiffness values decreased by 17%, 120%, and 215%, respectively, when
exposed to higher temperatures of 200 °C, 400 °C, and 600 °C. Similarly, for a specimen with Wf=50mm
and Lf=100mm, the reduction in the stiffness values when exposed to higher temperatures of 200 °C,
400 °C, and 600 °C was 22%, 114%, and 203%, respectively. For a specimen with Wf=100mm and
Lf=50mm, the reduction in the stiffness values when exposed to higher temperatures of 200 °C, 400 °C,
and 600 °C was 14%, 100%, and 245%, respectively. For a specimen with Wf=100mm and Lf=100mm,
the reduction in the stiffness values when exposed to higher temperatures of 200 °C, 400 °C, and 600
°C was 15%, 108%, and 426%, respectively.
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Figure 10: Stiffness and toughness results for LWGC specimens: (a) stiffness, (b) toughness.

3.8. SEM Analysis

Figure 11 presents SEM micrographs of LWGC samples at different temperature levels. At room
temperature (20 °C), micro-cracks in LWGC samples are observed (Figure 11.a), which may be
attributed to drying shrinkage. In addition, some voids and pores were detected in the internal structures
of LWGC samples. Furthermore, the LWGC sample’s internal matrix appears to have a less cohesive
microstructure, which explains why the mechanical strength and bond-slip behavior are low. The
microstructure of LWGC specimens was considerably damaged when exposed to high temperatures, as
observed in Figure 11 (c-d), which degraded their mechanical properties. As the temperature increased,
the LWGC sample’s internal structures exhibited more voids and higher porosity. Additionally, several
micro-cracks and thermal cracks developed and spread throughout the geopolymer matrix
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microstructure, making the bond between EGGA and the geopolymer paste less cohesive and weak.
Figure 11 (d) shows that the expanded glass granular aggregate is damaged and destroyed by aggressive
temperatures up to 600 °C, illustrating the LWGC samples' weak texture. This is due to the differences
in thermal expansion of expanded glass granular aggregates and geopolymer paste during high-
temperature heating.

Date :8 2022
ULUTEM

(2) 20 °C

(c) 400 °C (d) 600 °C
Figure 11: SEM micrographs of LWGC specimens.

4. CONCLUSION

Based on the findings of the present study, the following conclusions can be drawn:

1.

At various temperatures, the residual compressive and splitting tensile strengths of LWGC
specimens experienced significant reductions. A minor decline was observed at 200°C up to 20%,
while a notable decrease occurred at both 400°C and 600°C up to 56% and 75%, respectively.
Regardless of the applied temperature or the bonding area of the CFRP sheet, the predominant
failure mode observed in the bond-slip behavior of the LWGC specimens was a shear-off at the
geopolymer concrete.

Elevated temperature has minimal impact on bond-slip behavior, with only a slight 5% decrease in
ultimate bond force and corresponding slippage at low temperatures up to 200°C.

At temperatures reaching 400°C, a notable decrease is observed in both the ultimate bond force and
the corresponding slippage, with reductions of up to 32% and 24%, respectively.

Exposure to higher temperatures, specifically up to 600°C, leads to a significant decline in both the
ultimate bond force and the associated slippage, with reductions of 48% and 41% respectively.
The SEM micrographs demonstrate that LWGC samples have a less cohesive microstructure at low
temperatures, as seen by the presence of micro-cracks, voids, and holes within the internal
structures. In addition, being exposed to high temperatures causes further damage to the
microstructure, leading to a rise in voids and a greater level of porosity.
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EGE BOLGESIi POPULASYONUNDA OTOZOMAL STR LOKUSLARININ
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Ozet
Ege Bolgesi Tiirkiye’nin en kalabalik ti¢lincii bolgesidir. Tiirkiye’de daha 6nce STR lokuslari ile alakali
benzer ¢aligmalar yapilmis olup 21 STR bdlgesini i¢eren ve sadece Ege Bolgesi hedef alan benzer bir
calisma olmamistir. Ege Bolgesi popiilasyonunun Allel frekansini belirlemek amaciyla Ege
Bolgesindeki illerin niifus yogunluklarina bakilarak bir ¢alisma grubu olusturuldu. Buna gore 6rnekler
tizerinde bolge popiilasyonunun Allel frekanslarini belirlemek igin bir ¢alisma yapilmigtir. Bu
calismanin elde edilen frekanslarin diger bolgesel ve yurtdisi ¢alismalarinda genetik degerlendirme
kriterleri dogrultusunda benzerlik ve farkliliklarin belirlenmesine katki saglayacagi diistiniilmiistiir.
Bununla birlikte belirecek genotip verilerinin Allel dagilim frekanslari, kisileri ayirt etme giicii adli
bilimlerle ilgili ¢aligmalarda 6nemli bir veri kaynagi olacaktir.

Sonug olarak, bu ¢alismada 160 bireye ait DNA o6rnekleri incelenmis ve 21 STR lokuslarina ait
Allel frekanslar elde edilmistir, bu veriler ile daha 6nce yapilan ulusal ve uluslararasi ¢aligmalar
karsilastirilmistir. Baz1 STR bolgelerinde anlamli farkliliklar goriilmistiir.

Anahtar Kelimeler: Otozomal STR analizi, GlobalFiler, Allel frekansi

AN EXAMINATION OF AUTOSOMAL STR LOCI IN THE AEGEAN REGION
POPULATION

Abstract
The Aegean Region is the third most populous region of Turkey. Similar studies have been conducted
previously in Turkey regarding STR loci, which include 21 STR regions, but there hasn't been a similar
study focusing solely on the Aegean Region. A study group was formed by considering the population
densities of the provinces in the Aegean Region in order to determine the Allele frequencies of the
Aegean Region population. A study was conducted on samples to determine the Allele frequencies of
the regional population. It is believed that the frequencies obtained from this study will contribute to
determining similarities and differences in accordance with genetic evaluation criteria in other regional
and international studies. Additionally, the Allele distribution frequencies of the determined genotypes
will be an important data source in forensic science studies for the power of distinguishing individuals.
In conclusion, DNA samples from 160 individuals were examined in this study, and Allele
frequencies for 21 STR loci were obtained. These data were compared with previous national and
international studies. Significant differences were observed in some STR regions.

Keywords: Autosomal STR analysis, GlobalFiler, Allele frequency

1.GIRIS

Insanoglu her zaman nereden ve nasil geldigi hakkinda bilgi sahibi olmak istemistir.
Gegmisten gilinlimiize insan popiilasyonlarinin kdkeni hakkinda cesitli arastirmalar yapilmis ve
yapilmaya devam etmektedir. Sosyal bilimcilerin aragtirmalarinin yam1 sira fen bilimcilerin
insanoglunun varolusu ile ilgilenmeye baslamasi canlilarin sahip oldugu genetik materyalin
kesfedilmesine olanak saglamistir. Genetik materyalin nesilden nesille aktarildigi bu aktarimlar
sirasinda meydana gelen mutasyonlar ile DNA’nin (Deoksiriboniikleik Asit) farklilasarak insanlar
birbirinden ayrit edilebilecegi goriilmiistiir. Bu farkliliklar, insanin genetik ge¢misine 1s1k tutacak
kayitlar1 icermektedir.
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DNA molekiiliiniin tamami protein iiretiminden sorumlu degildir. Protein kodlayan kisim tiim
genomun %35’i kadardir. Heniiz kodlama yapmayan bdlgelerin fonksiyonlar1 tam olarak
belirlenememistir. Yiiksek oranda degiskenlik gdsteren bu bdlgelerin polimorfizmlerinin nedeni
delesyon, inversiyon, nokta mutasyonlar1 ve ardisik tekrar eden dizinlerdir. Biitiin insanlar ayni dizi
tekrarina sahiptir fakat tekrar sayilari her insanda farklhidir. Bu tiir polimorfizm, ardisik tekrar eden dizi
sayisinin biiyiikliigline gore ayrilmaktadir. Popiilasyon ¢aligmalarinda STR (Short Tandem Repeats)
minisatelitler kullanilmaktadir.

Giliniimiizde STR analizleri adli bilimler alaminda agirhikli olarak kullanilmaktadir.
Kimliklendirme islemleri yapilirken ticari olarak iiretilen STR analiz kitleri biiyiik 6nem arz etmektedir.
Ayni1 cografyada yasayan insanlar belirli bir genetik popiilasyondan olusmaktadir. Genetik markirlarin
dogru tanimlanmasi i¢in popiilasyonlarin iyi analiz edilmesi gerekmektedir.

2.MATERYAL ve METOT

Bu calisma i¢in izmir, Mugla, Manisa, Usak, Afyonkarahisar, Denizli ve Aydn illerinde
yasayan 160 birey seg¢ilmistir.

2.1. DNA izolasyonu

Genomik DNA fenol-klorofom izolasyon yontemi kullanilarak kan 6rneklerinden elde
edilmistir.

2.2.PCR Amplifikasyonu

CLA GlobalFiler™ ticari kiti ile amplifikasyon basamagi tamamlanmis ve 6rnekler Applied
Biosystems™ Veriti 96 well Thermal Cycler cihazi kullanilarak PCR basamagi gergeklestirildi.

2.3.Elektroforez ve Tiplendirme

[zolatlar Hi-Di Formamid ve GeneScan™ - 600 LIZ standart ile karistirildi ve Applied
Biosystems™ 3500xL Genetic Analyzer HID cihazi kullamilarak kapiller elektroforez islemi
gegeklestirildi. Bu calismada GeneMapper ID-X Software v1.4 yazilimi kullanldi.

2.4 Verilerin Analizi

Elde edilen DNA profillerine ait istatistiksel veriler; PowerStats v.1.2 (Promega Coorperation)
yazilimi kullanilarak elde edildi.

3.S0ONUC

Tiim ¢alismada elde ettigimiz verileri hem ulusal hem uluslararasi ¢alismalar ile mukayese
edilmistir. Mukayese edilen veriler Tabloda gosterilmistir. Calisma grubumuzdan elde ettigimiz veriler
ile diger calismalar1 kiyasladigimizda D7S820, D18S51, FGA ve D1S1656 bolgeleri hari¢ anlamlh
farkliliklarin olmadigi, 6zellikle benzer cografyalardan elde edilen veriler ile paralellik gosterdigi tespit
edilmistir. Bahsi gegen bolgeler ile heterozigotluk oraninin yiiksek oldugu ve ¢esitliliklerin fazla oldugu
bolgeler olmasi sebebiyle bu anlamli farkliliklarin ortaya ¢iktigi diisiiniilebilir. Bu ¢alisma eldeki veriler
1s18inda birbirine yakin cografyalarda yasayan popiilasyonlarin benzer genetipik 6zellikler tasidigim
sOyleyebiliriz.
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Tablo: 1: Ulusal ve uluslararasi ¢alismalarda elde edilen verilerin, ¢alismamiza ait Allel frekanslari ile mukayesesi.

Bozman N. (2018) Gasona Paul et. al Antoinette A. et. al Urszula Krzeminska Seong Yeon Y. et. al Baz C. (2024)
Giineydogu Anadolu (2021) Afrika Kitast (2014) Hollanda et. al (2021) Ingiltere (2011) Kore Ege Bolgesi
Bolgesi Ruanda popiilasyonu
En sik Allel En sik Allel En sik Allel En sik Allel En sik Allel En sik Allel HE
goriilen frekansi goriilen frekansi goriilen frekansi goriilen frekansi goriilen frekansi goriilen frekansi (%)
Allel Allel Allel Allel Allel Allel
D2S441 11 0,35603 14 0,3149 11 0,34317 11 0,331 - - 11 0,343 76
D225104 15 0,38521 15 0,2327 16 0,37074 16 0,371 - - 15 0,375 68
5
D10S124 14 0,30545 13 0,3010 13 0,31607 13 0,311 - - 14 0,296 72
8

SE33 18-19 0,07977 19 0,1554 18 0,06715 - - - - 18 0,112 98
D125391 18 0,17315 18 0,3436 18 0,17554 18 0,161 - - 18 0,162 91
D8S1179 13 0,24708 14 0,3485 14 0,31966 13 0,307 13 0,2266 13 0,293 86
D21S11 - - 8 0,3079 30 0,25875 30 0,260 30 0,3582 30 0,240 88
D7S820 11 0,27432 7 0,0208 10.3 0,25923 10 0,268 11 0,3651 10 0,259 85
CSF1PO 12 0,34825 7 0,0782 12 0,33309 12 0,319 12 0,3770 11 0,337 64
D3S1358 16 0,28599 16 0,3475 15 0,24652 15 0,268 15 0,3839 16 0,337 67
THO1 7 0,30156 6 0,2000 9.3 0,34652 9.3 0,328 9 0,4801 6 0,278 80
D13S317 12 0,37160 12 0.40099 11 0,1236 11 0,294 11 0,2343 11 0,312 75
D16S539 11 0,28794 8 0,0267 11 0,32158 11 0,310 9 0,2947 11 0,353 79
D251338 - - - - 17 0,19400 17 0,202 23 0,1767 23 0,165 83
D195433 - - 13 0,2624 14 0,36619 14 0,368 13 0,3258 14 0,303 83
VWA 16 0,27237 16 0,2436 17 0,27410 17 0,273 17 0,2795 17 0,271 77
TPOX 8 0,53307 8 0,3079 8 0,54149 8 0,528 8 0,4892 8 0,568 65
D18S51 14 0,19844 15 0,1396 14 0,16475 15 0,173 13 0,2330 13 0,168 87
D5S818 12 0,38911 12 0,3743 12 0,37674 11 0,372 11 0,3263 12 0,346 77
FGA 23 0,24903 22 0,2505 21 0,16691 21 0,191 23 0,2452 22 0,215 89
D1S1656 16 0,17315 14 0,2604 17.3 0,14197 17.3 0,146 - - 15 0,190 85
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Abstract

Reducing dependence on fossil fuels due to resource limitations is crucial. This study uses Building
Information Modeling (BIM) for comprehensive analysis at both building and district scales through
various programs to lower energy demands at the district level.

The research focuses on KIZILAY Street in Istanbul's KARTAL district, examining 78 buildings based
on function and age. Indicators like population, energy consumption, cost, and greenery at the district
level are analyzed.

Two buildings, representing old and new constructions, are modeled using BIM and energy modeling
tools such as Autodesk Revit, AutoCAD, Insight 360, Green Building Studio, E-Quest, PV watts
Calculator, and Microsoft Office. The first step involves creating structural and architectural BIM
models in Revit and transferring them to Insight 360 to establish energy profiles, including annual
energy consumption per square meter. Data exported from Revit’s gbXML is input into Green Building
Studio for a detailed analysis of CO2 emissions, lifecycle energy use, and costs.

Strategies evaluated include passive measures (envelope insulation, window glazing, overhangs, blinds),
active measures (photovoltaic panels, heat pumps), and operational management (HVAC system
adjustments) in E-Quest models to enhance energy efficiency. These results are applied to the entire
area, incorporating the effects of greenery and shading, to estimate pre- and post-retrofitting energy
needs at the district level.

The findings predict that these measures could reduce energy consumption on KIZILAY Street by
48.62% and decrease the district’s energy costs by 49.02%, representing a substantial improvement.

Keywords: Urban Sustainability, Building Information Modeling (BIM), District-level Energy
Efficiency, Passive Strategies, Active Strategies, Operational Management

1. INTRODUCTION

This study focuses on implementing district-level retrofit strategies utilizing Building Information
Modeling (BIM). In the current landscape, climate change and energy efficiency are critical issues that
require immediate and effective solutions (United Nations Environment Programme,2018). Buildings
are major consumers of energy and significant contributors to carbon emissions (International Energy
Agency, 2019). Traditional retrofitting efforts typically target individual buildings, often missing the
broader benefits that could be achieved through a district-level approach. Existing research highlights
the potential of BIM to revolutionize the construction and retrofitting industries by providing
comprehensive tools for design, analysis, and management (Autodesk, 2020). However, there is a
notable gap in the application of BIM for district-level retrofitting. While individual building retrofits
using BIM have shown promising results in terms of energy savings and operational improvements,
scaling these efforts to a district level remains an underexplored area. The primary objective of this
research is to develop and evaluate district-level retrofit strategies using BIM. Specifically, the study
aims to identify the most effective passive and active retrofit measures, model and analyze retrofit
scenarios using BIM tools such as Autodesk Revit, Insight 360, and Green Building Studio, and assess
the potential energy savings and cost reductions. By focusing on a case study in Istanbul's KARTAL
district, particularly KIZILAY Street, the research seeks to showcase the practical application and
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benefits of district-level retrofitting. This study aims to fill the research gap by providing a
comprehensive analysis of district-level retrofitting using BIM, offering valuable insights and practical
recommendations for urban planners, architects, and policymakers. By demonstrating the feasibility and
benefits of this approach, the research contributes to the ongoing efforts to create more energy-efficient
and resilient urban environments (United Nations Environment Programme, 2018; International Energy
Agency, 2019; Autodesk, 2020).

2. MATERIAL & METHODOLOGY

The project aims to analyze specific sustainability criteria, including energy consumption, energy costs,
population, and greenery. This comprehensive examination is conducted at both the district and building
levels, ensuring a coordinated and integrated approach rather than treating these investigations as
separate entities.

As illustrated in Figure 1, the project adopts a phased methodology, starting with a broad overview at
the district level and progressively narrowing the focus to specific details at the building level. By
integrating these two perspectives—qgeneral at the district level and specific at the building level—the
project ensures a thorough and holistic evaluation of the outcomes.
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* District’s Greenery Suggestions

Figure 1: Methodology

2.1. Data Of District

2.1.1. Weather

Table 1 presents the monthly temperature and precipitation data for the KARTAL area. It details the
lowest, highest, and average temperatures in degrees Celsius, alongside precipitation levels in
millimeters. The rainfall difference between the wettest and driest months is 80 mm. Throughout the
year, the average temperature fluctuates by about 18.6 degrees Celsius. August is the warmest month,
with an average temperature of 24.2 degrees Celsius, while January is the coldest at 5.6 degrees Celsius.
July and August are the driest months, each with 28 mm of precipitation, whereas December records the
highest average rainfall at 108 mm (Climate-data.org.).

Table 1: Monthly Weather Conditions of KARTAL (Climate-data.org.)

January February March April May June July August  September October November December
Avg. Temp. (=C) 5.6 6.1 8.2 117 16.7 213 239 24.2 20.7 16 119 7.6
Min. Temp. (=C} 34 37 5.2 83 13.1 17.8 205 213 18 13.7 9.6 5.6
Max. Temp. (=C) 7.9 8.7 11.3 15.3 20.2 24.8 274 27.7 23.8 18.6 14.3 9.8
Prec'p"a:::;”‘ Rainfall = g 76 76 51 38 33 28 28 55 80 79 108
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2.1.2. Location

The first step of this project is gathering data on the selected district, KIZILAY Street. The selected area
for this project is KIZILAY Street in the KARTAL district of Istanbul. This bustling commercial hub is
crucial for its diverse shops, cafes, and eateries, which serve residents and drive the district's economy.
KIZILAY Street also acts as a socio-cultural space, promoting social engagement and cohesion. It
reflects the evolving urban landscape of KARTAL, blending traditional and modern elements and
fostering cultural exchange. Figure 2 shows the location of the KARTAL area on the map ("K District"
- Istanbul Metropolitan Municipality.).

Figure 2: KARTAL Area in Istanbul

2.1.3. District Area Zoning

To gather information about the buildings on KIZILAY Street at the district level, it is crucial to consider
the area's zoning. Each building is assigned a specific code to facilitate easy access to its details. Table
2 provides the unigue codes for each building and the total number of constructions on the street. In
total, KIZILAY Street comprises 76 buildings of varying functionalities and ages.

Table 2: District’s Zoning

Zoning Number Zones' Buildings Codes
Zone 1 Buildings numbered 100 to 110
Zone 2 Buildings numbered 200 to 205
Zone 3 Buildings numbered 300 to 309
Zone 4 Buildings numbered 400 to 407
Zone 5 Buildings numbered 500 to 512
Zone 6 Buildings numbered 600 to 612
Zone 7 Buildings numbered 700 to 714

2.1.4. District’s Buildings’ Categorizations

The buildings are categorized based on two criteria: Age and Functionality. For age, buildings are
labeled as "NEW" if they are 0 to 10 years old, "OLD" if they are 11 years or older, and
"DESTRUCTED" for those that are no longer standing.

Regarding functionality, buildings are classified into three sections:

e "1" for buildings with all floors dedicated to residential units.
o "2" for buildings with different functionalities exclusively on the ground floor.
o "3" for buildings with different functionalities on both the ground and first floors.

The assumption is that the size of each housing unit accommodates fewer than 85 m? for two
individuals, between 85 to 100 m? for four individuals, and more than 100 m? for five individuals.
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2.1.5. Data Of District’s Buildings
The combined number of residential buildings lining KIZILAY Street totals 71, encompassing 826
individual residential units. For a detailed breakdown of the area's data, please refer to Table 3.

Table 3: Data on District’s Buildings

Total Residential | Total Residential | Total New | Total Old Total
Buildings Units Buildings | Buildings | Destruction

71 826 33 36 3

2.1.6. Data Of Population
The population residing in this specific area totals 3,321 individuals, calculated based on the district's
residential area.

e Units with an area of less than 85 m? are assumed to accommodate 2 people.
e Units with an area ranging from 85 to 100 m? are assumed to accommodate 4 people.
e Units with an area exceeding 100 m? are assumed to accommodate 5 people.

2.1.7. Data Of District’s Greenery

In the vicinity of KIZILAY Street, three public parks are covering a combined area of 3810.5 m?.
Ensuring convenient access between these parks is crucial, with the distance between them falling within
the range of 320 m to 405 m, meeting the 5 to 10-minute walking time standard. This accessibility
criterion is met, ensuring each residence is within a 10-minute walk of the nearest park (Pedestrian
Safety Guide for Transit Agencies, US Department of Transportation.)

At the district level, another criterion for public parks is the ratio of green space per individual, with the
minimum standard set at 9 m? per person and the ideal amount at 50 m? per person. However, with a
total population of 3321 individuals and a combined park area of 3810.5 m?, the calculated ratio of green
space per person is 1.147 m?2, significantly below the minimum standard requirement (World Health
Organization., 2012).

Figure 3: District’s Greeneries

2.2. Bim-Based Modeling Process at The Building Level

Building Information Modeling (BIM) is a vital technology in the construction industry, offering a
comprehensive approach to designing, constructing, and operating buildings. It significantly enhances
energy efficiency and reduces carbon emissions by enabling thorough analysis of building performance
throughout its lifecycle. By integrating energy simulation tools into the BIM platform, designers can
assess various design options and evaluate their impact on energy consumption and CO2 emissions.
This iterative process allows for the optimization of building designs to minimize energy costs and
environmental impact. Additionally, BIM facilitates seamless information exchange among
stakeholders, promoting collaboration and informed decision-making on energy-efficient design
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strategies (Eastman, C., Teicholz, P., Sacks, R., & Liston, K., 2011). BIM thus supports sustainable
building practices and improves energy performance analysis. In summary, BIM-based modeling
processes are essential for advancing energy-efficient building design and mitigating environmental
impacts (Succar, B., Sher, W., & Williams, A., 2013).

Figure 4: BIM-Based Modeling Process

. AutoCAD: 2D plans Structural & Architectural of buildings for Area (m2) & Zoning

. Autodesk Revit: 3D structural and architectural models for material takeoff (Area/m3) &
Energy Analytical Models

. Insight 360: For the range of energy consumption (kWh/m2/year) & energy cost range ($)
. Green Building Studio: For lifecycle energy consumption (kWh/30 years), lifecycle energy
cost ($/30 years), CO2 emissions (Mg/year)

. E-Quest: For the before-after retrofitting annual and monthly energy consumption modeling
(kWh/m2) & before-after retrofitting annual and monthly energy cost ($/kWh/m2)

. PV watts Calculator: For the amount of generated electricity from PV panels

. Microsoft Office: For the basic calculations

. Google Earth 3D Pictures: For the current views

2.2.1. Energy Modeling Process
At the building level, various strategies are examined to reduce energy consumption and costs,

minimizing reliance on nonrenewable energy sources. These strategies are categorized into three
sections:

» Passive Strategies: These focus on improving the building's envelope and design to enhance
energy efficiency. Examples include:

e Envelope insulation

e Window glazing

e Overhangs

e Blinds and drapes

e Incorporating greenery for shading on the building fagade

» Active Strategy: This involves installing photovoltaic (PV) panels on the building's rooftop to
generate renewable energy and offset electricity consumption.

o Operational Management Strategy: This involves optimizing the operation and management of
the building's systems, particularly the heating, ventilation, and air conditioning (HVAC)
system. Measures may include setting appropriate base-point temperatures to ensure energy
efficiency and occupant comfort.

By implementing these strategies, the goal is to achieve significant reductions in energy consumption
and associated costs while promoting sustainability.
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2.4. Energy Calculation Process at The District Level

In this section, assessments are conducted at the district level. Building upon the preceding sections
involving BIM-based calculations and E-Quest outcomes, the retrofitting, energy consumption, and
costs for the district are determined. To obtain comprehensive figures, two distinct segments are
computed based on the age classification of the buildings.

The detailed data for the current and post-retrofitting energy consumption at the district level are
presented in Table 4. Based on the previous data on OLD and NEW buildings in the district, the total
energy need in the existing situation is 25,226,867 kWh/year, which will be reduced to 12,962,026.79
kWh/year after retrofitting.

According to the 'Green Building Studio' energy cost estimates, the current district energy cost is
$647,053.10 per year. After applying the retrofitting strategies to all buildings in the area, the energy
cost will be reduced to $329,841.15 per year.

Total Final Energy Consumption

of Distdct
Electric [ Gas |
[ Original (KWhiyear) 603880340 | 1097529087 |
[ AfterRetrofitinz (kWhiyearl | 295155164 | 530196483 |

Total Primary Energy Consumption

of Distdct
Electric [ Gas |
[ Original (KWhiyear) 1425157603 | 1087528087 |
[ AfterRetrofitinz(kWhjyear] |  7050061.86 | 530196453 |

25226867 .00

12962026.79

Table 4: Detail of Energy Need at the District Level

Totzl Final Energy Cost

of District
Costof Electric (S) | Cost of Gas (5) |
[ Original (5 per KWh)/year) 181164.10 | 219505.82 |
[ AfterRetmfitting (5 per kWhjyear) | 89746.55 [ 118039.30 |

Total Primary Energy Cost

of District
Costof Electric (S) | Cost of Gas (5) |
[ Original (5 per KWh)/year) 42754728 | 219505.82 |
[ AfterRetrofitting (5 per kWhjyear) | 21180185 [ 118033.30 |

647053.10

32584115

Table 5: Detail of Energy Cost at the District Level

3. CONCLUSION
The urgent need to reduce reliance on fossil fuels due to resource constraints and environmental
concerns has led this study to focus on diminishing energy demands at the district level, specifically in
Istanbul's KARTAL district, KIZILAY Street. Utilizing the Building Information Modeling (BIM)
platform has facilitated comprehensive analysis and implementation of energy-saving strategies from
various perspectives.
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This research surveyed 78 buildings, categorized by functionality and age, and examined population,
energy consumption, costs, and greenery indicators at the district level. By conducting BIM-based and
energy modeling of two representative constructions, old and new, using software tools such as
Autodesk Revit, AutoCAD, Insight 360, Green Building Studio, E-Quest, PV watts Calculator, and
Microsoft Office, the study forecasted significant reductions in energy needs and costs.

The strategies employed include passive measures (envelope insulation, window glazing), active
measures (photovoltaic panels, heat pumps), and operational management adjustments to optimize
energy efficiency. Extending these results to the entire area by incorporating greenery and shading
effects provided a comprehensive assessment of pre- and post-retrofitting energy requirements at the
district level.

The findings indicate a forecasted reduction in KIZILAY Street's energy needs by 48.62% and a
decrease in the district’s energy costs by 49.02%. These results highlight the effectiveness of
implementing energy-saving measures at both building and district levels, contributing to environmental
sustainability and resilience against evolving energy challenges.

Total Reduction of energy need in District

Figure 5: Energy Need Reduction at the District Level

48.62%

Total Reduction of energy Cost in District

Figure 6: Energy Cost Reduction at the District Level

49,02

The suggestions about the greenery at the district and building levels to improve the ratio of greenery
per person and greenery shading on buildings’ facades.

e Increase greenery coverage in the district by implementing more public parks, green spaces,
and tree-planting initiatives.

e Use the areas of demolished buildings as public green spaces.

e Encourage sustainable landscaping practices for individual buildings, such as rooftop gardens
or vertical green walls.

e Promote community engagement and participation in maintaining and enhancing greenery in
the district.

o Improve the street’s greenery boundaries to provide better shading during the hot seasons.

The insights from this research can inform policy decisions and urban planning strategies aimed at
promoting energy efficiency and reducing carbon emissions in urban areas. By continuing to leverage
advanced technologies and interdisciplinary approaches, we can work towards creating more
sustainable and resilient communities, mitigating climate change impacts, and securing a cleaner,
greener future for generations to come.
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Ozet

T1ibbi goriintiiler, modern saglik hizmetlerinde kritik bir rol oynamaktadir. Bu goriintiiler, hastaliklarin
teshisinden tedaviye kadar pek cok asamada kullanilmaktadir. Goriintiileme teknolojilerinin
gelismesiyle birlikte, bilgisayar destekli teshis ve tedavi planlamasi gibi siireglerde bu goriintiilerin
analizi ve islenmesi bilylik 6nem kazanmustir.

Bu baglamda, medikal goriintiilerdeki belirli alanlarin, 6zellikle ilgi alan1 (ROI) ve ilgi dis1 alan1 (RONI)
gibi, dogru bir sekilde tanimlanmasi hayati 6neme sahiptir. ROI, ¢ogu zaman hastaligin lokalizasyonu
veya belirli bir tedavi bolgesi gibi belirli bir alana odaklanmayi ifade ederken, RONI, ROI disindaki
diger alanlar kapsar. Bu alanlarin dogru bir sekilde tanimlanmasi, dogru teshis ve tedavi planlamasi igin
gereklidir.

Bu noktada, kenar belirleme algoritmalar1 devreye girer. Kenar belirleme, goriintiilerdeki nesnelerin
sinirlarini veya gecislerini tespit etmeye yonelik bir iglemdir. Bu algoritmalar, goriintiideki pikseller
arasindaki kontrast degisikliklerini kullanarak kenarlar1 belirlerler. Bu kenarlar, ROI ve RONI gibi
belirli alanlarin tanimlanmasinda dnemli bir rol oynarlar.

Calismamizda, farkli kenar belirleme algoritmalarinin medikal goriintiilerdeki RONI bolgelerini tespit
etme yetenekleri incelenmistir. Bu algoritmalar kullanilarak, farkli medikal goriintilerde RONI
bolgelerinde bulunan pikseller belirlenmistir. Daha sonra, bu bolgelere Least Significant Bit (LSB)
yontemiyle veri gizlenerek, veri giivenliginin saglanmasi amaglanmaistir.

Yapilan analizler sonucunda, farkli kenar belirleme algoritmalarimin RONI bélgelerini tespit etme
konusunda farkli basar diizeylerine sahip oldugu tespit edilmistir. Ayrica, veri gizleme islemi sirasinda
goriintiilerde herhangi bir bozulma olmadig: ve veri giivenliginin saglanabilecegi gdzlemlenmistir. Bu
caligma, tibbi goriintiilerin analizinde ve veri giivenliginde kullanilabilecek potansiyel yontemleri ortaya
koymaktadir.

Anahtar Kelimeler: Medikal Gériintiiler, Tlgi Alani, Tlgi Dis1 Alan, Kenar Belirleme Algoritmalari,
LSB.

DATA HIDING IN MEDICAL IMAGES
USING LSB AND EDGE DETECTION ALGORITHMS TOGETHER

Abstract

Medical images play a critical role in modern healthcare services. These images are utilized in various
stages ranging from disease diagnosis to treatment. With the advancements in imaging technologies, the
analysis and processing of these images have gained significant importance, especially in processes like
computer-aided diagnosis and treatment planning.

In this context, it is vital to accurately define specific areas in medical images, particularly the Region
of Interest (ROI) and the Region of Non-Interest (RONI). While ROI often refers to a specific area of
focus such as the localization of a disease or a particular treatment region, RONI encompasses other
areas outside of ROI. Accurate delineation of these areas is essential for accurate diagnosis and treatment
planning.

This is where edge detection algorithms come into play. Edge detection is a process aimed at identifying
the boundaries or transitions of objects in images. These algorithms determine edges by utilizing contrast
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changes between pixels in the image. These edges play a significant role in defining specific areas like
ROI and RONI.

In our study, we examined the capabilities of different edge detection algorithms in detecting RONI
regions in medical images. Using these algorithms, pixels in RONI regions of various medical images
were identified. Subsequently, data hiding using the Least Significant Bit (LSB) method was applied to
these regions to ensure data security.

The analysis revealed varying levels of success among different edge detection algorithms in detecting
RONI regions. Additionally, it was observed that there were no distortions in the images during the data
hiding process, indicating that data security could be ensured. This study highlights potential methods
that can be utilized in the analysis of medical images and ensuring data security.

Keywords: Medical Images, Region of Interest, Region Outside Interest, Edge Detection Algorithms,
LSB.

1. GIRIS

Medikal goriintiiler, saglik hizmetlerinin tiim asamalarinda yaygin olarak kullanilmaktadir. Bu
goriintiiler ayn1 zamanda hastalara ait kritik verileri de igermektedirler. Medikal goriintiiler lizerinde
hasta verilerinin gizlenerek tasinmasi olduk¢a yaygin bir uygulama seklidir. Bu yiizden bu verilerin
giivenligini saglamak oldukca dnemlidir. T1bbi bir gériintii flgi Alan1 (ROI — Region of Interest) ve ilgi
Dis1 Alan1 (RONI — Region of Non-Interest) olmak {izere iki bolime ayrilir. (Rathod, 2017; Mousavi
2015; Eswaraiah 2014). ROI tam1 amagh kullanilirken, RONI tani i¢in 6nemli degildir. Bu tarz
goriintiilerde hekimler i¢in, goriintiiniin ¢ok kiigiik bir kismi1 anlamlidir. Fakat ROI’de meydana
gelebilecek olan degisimlerdeki kiigiik hatalarin bile hasta agisindan ¢ok yiiksek maliyetleri olabilir.
ROI ve RONI belirlenirken piksel degerlerindeki degisimleri algilayarak kenarlari belirleyebildigimiz
kenar belirleme algoritmalarini kullanabiliriz. Sobel, Canny ve Prewitt gibi oldukca yaygm kullanim
alanina sahip algoritmalar mevcuttur. Bu algoritmalar, RONI se¢mede kullanilan istatistiksel
yaklagimlar ile birlikte kullanilmaktadirlar. Ortalama iistii, ortalama alt1, maksimum deger ve esik deger
gibi yaklasgimlar ile pikseller arasi kiyaslamalar yapilarak RONI tespit edilmistir. Bu ydntemler
yardimiyla, gizlenecek mesajin kapasitesi kadar goriintiiniin ortalamasinin altinda veya {istiinde deger
tagiyan pikseller secilerek veri gizleme isleme gergeklestirilmistir.

Bu galigmada, medikal goriintiilere veri gizleme islemi igin, goriintiiniin ROI ve RONI bolgeleri
kullanilmaktadir. Bu bdlgeler belirlenen kenar belirleme algoritmalar ile tespit edilerek, RONI
bolgelerindeki piksel degerleri 0 degerine doniistiiriilmektedir. ROI bolgelerindeki piksel degerleri ise,
255 degeri ile degistirilmektedir. Béylece siyah-beyaz tonlarda resimler elde edilmektedir. Bu resimdeki
RONI olarak tanimladigimiz siyah bdolgeler, doktorlar tarafindan tibbi teshis asamalarinda gbéz ardi
edilen alanlardir. Bu yiizden hastalara ait 6nemli bilgiler bu alanlarda tutulabilmektedir. Resmin igine
gizlenecek veriler de LSB tabanli veri gizleme algoritmasi ile bu dnemsiz kisma gomiilmektedir. Bu
sayede resimde herhangi bir bozulma meydana gelmeden veri gizlenerek tasinabilmektedir.

2. MATERYAL VE METOT

2.1. Kenar Belirleme Algoritmalari

Kenar belirleme, bir dijital goriintiideki nesnelerin simirlarini, yani kenarlarini tanimlama siirecidir. Bu
siireg, gorintiideki piksel degerlerindeki ani degisiklikleri tespit ederek gerceklesir. Kenarlar,
goriintiideki parlaklikta ani bir degisimin oldugu veya daha teknik bir ifadeyle siireksizliklerin belirgin
oldugu yerlerdir. Kenar belirleme algoritmalar1 temel anlatimiyla, goriinti tizerindeki piksellerin renk
degerlerinin birbirlerinden farklilagmasi ile belirlenir. Kenar belirleme algoritmalar, goriintiideki
yogunluk degisikliklerini analiz ederek kenarlar1 belirler. Bu algoritmalar, genellikle gradyan veya tiirev
hesaplamalari, filtreleme teknikleri ve kenarlar1 baglama gibi adimlari igerir. Sonug olarak, kenar tespiti
islemi, goriintiideki nesnelerin sinirlarint belirgin sekilde ortaya cikarir ve daha sonraki islemler icin
onemli bir temel olusturur. Literatiirde kullanilan birgok kenar belirleme algoritmasi vardir. Asagida bu
algoritmalarin bazilar1 agiklanmustir.

2.1.1. Canny Kenar Belirleme Algoritmasi
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John F. Canny tarafindan gelistirilen algoritma, dijital goriintiilerdeki keskin olarak belirlenmis kenarlari
tespit etmek icin kullanilir. Canny kenar belirleme algoritmasi, hem yiiksek hassasiyet hem de diigiik
hata orani saglayarak goriintiilerdeki nesne kenarlarini etkili bir sekilde tespit etme yetenegi ile bilinir.
Bu nedenle, nesne algilama, goriintii segmentasyonu ve desen tanima gibi birgok uygulama alaninda
yaygin olarak kullanilmaktadir.

Giriltli, kenar tespitinde istenmeyen yan etkilere neden olabilir. Bu nedenle ilk adim, goriintiideki
girtiltitye bir 5x5 lik Gauss filtresi uygulanarak giiriiltiiyti azaltmaktir (Ziqi, 2021). Gauss filtresi, her
pikselin etrafindaki piksellerin ortalamasini alarak ve agirlikli bir sekilde toplayarak her pikseli
yumusatir. Ardindan, goriintiiniin kenar yogunlugu ve yonii hesaplanir. Kenar yogunlugu
hesaplandiktan sonra, genellikle kenar yogunlugunu normallestirilir. Bu, kenarlarin daha iyi ayirt
edilmesini saglar.

Daha sonra kenarlar, bir esikleme islemi ile belirlenir. Bu adimda, bir alt esik ve bir {ist esik belirlenir.
Her bir pikselin kenar yogunlugu bu esik degerlerine gore karsilagtirilir. Eger bir pikselin yogunlugu iist
esikten biiyilikse giiclii bir kenar olarak kabul edilir. Alt esikle iist esik arasinda olan kenarlar ise zayif
olarak kabul edilir. Kenar izleme adimi, giiclii kenarlar1 birbirine baglayarak kesintisiz kenarlar
olusturur. Bu, bir pikselin komsu piksellerinden giiglii bir kenara baglanip baglanmadigini kontrol
ederek yapilir. Son adimda, kenarlar siniflandirilir. Bu asamada, zayif kenarlar giiclii kenarlara
baglanmadig: takdirde kaldirilir. Bu, daha net ve tutarl bir kenar haritas1 elde etmemizi saglar. Canny
kenar belirleme algoritmasi, tiim bu adimlarin birlesimiyle yiiksek kaliteli ve hassas kenarlar tespit eder.
Bu nedenle, ¢esitli uygulamalarda yaygin olarak kullanilmaktadir.

Canny algoritmasi digerlerinden farkli olarak, iki esik deger kullandigindan zayif kenarlar1 kesin
kenarlara bagliysa ¢iktiya dahil etmektedir. Bu yiizden digerlerinden daha giicliidiir.

-1 0 =1 =1 =2 =1

-2 0 +1 =2 =2 +2

-1 0 =1 -1 0 -1
GX GY

Sekil 1: Sobel ¢ekirdek matrisleri

2.1.2. Sobel Kenar Belirleme Algoritmasi

Gri tabanli goriintiilerde kenar bulmak istenildiginde tercih edilen en popiiler algoritmalardandir. Sobel
algoritmasi kullanirken, 6ncelikle goriintiiyti RGB 6lgeginden gri tonlamali goriintiiye doniistiirmek en
iyi ¢o6ziimdiir (Lynn, 2021). Daha sonra Sekil 1’deki ¢ekirdek 3x3’liik farkli agirlikli dizinlerden olusan
matris kullanilmaktadir. Bu kenar algilama i¢in uygulayacagimiz filtreyi temsil etmektedir.

Goriintii yatay yonde taranirken, Gx matrisi kullanilir ve gradyandaki biiyiik degisikler tespit edilir.
Daha sonra dikey yonde tarama yapmak i¢in, Gx matrisinin 90° dondiiriilmiis hali olan Gy matrisi
kullanilarak biiylik degisiklik degerleri bulunmaktadir. Daha belirgin kenarlar elde edilmek istenirse, -2
ile +2 aralig1 yerine daha biiyiik bir deger araligi tercih edilebilir. Yatay ve dikey eksende yapilan
taramalar sonucu elde edilen goriintiiler birlestirilerek, tiim kenarlarin elde edildigi nihai bir goriintii
olusturulur.

Sobel algoritmasinin genel bir sorunu, son elde edilen goriintiidde ¢ok fazla parazit barindirmasidir. Bu
sorunun ¢oziimii i¢inde, goriintiiyli yumusatmak amaciyla ortalama alma algoritmasini tekrardan tiim
gorilintliye uygulamak gerekir.
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2.1.3. Prewitt Kenar Belirleme Algoritmasi

Diisey ve yatay keskinlik saglayan bu teknik, Sobel algoritmasi ile benzerlikler gostermektedir (Song,
2019). Sobel teknigine gore daha basit olmakla birlikte sonuglar bakimindan degerlendirildiginde daha
fazla giirtiltii igerdigi goriilmektedir.

Kenarlar tespit etmek icin, Sekil 2’de gosterilen c¢ekirdek matrisler kullanilarak yatay ve dikey
eksendeki degisiklik degerleri bulunmaktadir. Matrislerin orta satir1 sifirlardan olustugu icin
goriintiideki orijinal kenar degerlerini igermez, bunun yerine belirli bir kenarin iist ve alt piksel
yogunluklarinin farkim1 hesaplamaktadir. Béylece ani yogunluk degisimlerini arttirarak kenari1 daha
gorinlr hale getirir. Sekil 2’de ki matrislerin her ikisi de tiirev matrisi kuralimi takip eder. Her iki
matriste de zit isaret vardir ve her iki matrisin toplamu sifira esittir.

Prewitt Kenar Belirleme Algoritmasi'nin adimlari:

e  Goriintiiyli Gri Tonlama

e QGiiriiltii Azaltma

e Prewitt Operatdrlerinin Uygulanmasi:
o Esikleme

-1 0 +1 +1 | #1 | +1

-1 0 +1 0 0 0

-1 0 +1 -1 -1 -1
GX GY

Sekil 2: Prewitt Cekirdek Matrisleri

2.2. Veri Gizleme Yontemleri

Veri gizleme, bir bilgiyi saklamak, korumak veya bagkalarinin erisimini kisitlamak i¢in kullanilan ¢esitli
tekniklerin genel bir terimidir. Veri gizleme, 0Ozellikle gizlilik, giivenlik ve bilgi koruma
gereksinimlerine sahip oldugunuzda onemlidir. Giivenlik denildiginde, ilk olarak veri gizliligi ve
mahremiyet basliklari 6n plana ¢ikmaktadir. Aslinda bu iki kavram birbirleri ile benzer goriinse de bazi
noktalarda farkliliklar tasimaktadirlar. Herhangi bir veriyi cesitli tekniklerle sifreleyerek {iglincii
kisilerin anlayamayacagi bir bigime doniistiirebiliriz. Fakat burada baz riskler mevcuttur. Ugiincii
kisiler bu veriden haberdar olarak bunlari1 ¢6zmek igin ¢esitli teknikler kullanabilirler. Verinin bu sekilde
mahrem hale getirilmesini saglayan “Kriptografi” biliminde, verinin giivenligi en giiclii algoritmalar
kullanilarak karigtirilarak etkisiz hale getirilmesine baglidir.

Diger teknikte ise, verinin varligindan dahi haberdar olmadan veriyi gizlemek esastir. Boylece ligiincii
kisiler tarafindan ele gegirilmesi Onlenmeye caligilir. Veri giivenliginin, gizlenerek saglandigi
“Steganografi” biliminde, veriyi gizlemek icin bir¢ok farkli teknik kullanilmaktadir. Bu ¢aligmamizda,
LSB teknigi iizerinde durularak, bu teknigin detaylar1 agiklanacaktir. Bu teknigin detaylarina girmeden
once birka¢ kavramdan bahsedilmesi gerekmektedir. Steganografi biliminde kullanilan bazi 6nemli
kavramlar su sekildedir:

+  Kapak Dosyas1 (Cover): Verinin gizlenecegi orijinal dosya.

+  Stego-medium: Bilginin gizlenecegi ortam.
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Gomiilii Veri (Payload): Kapak dosyasinda gizlenen veri.

Stego: Igine veri gizlendikten sonra orijinal dosyanin son hali.

Steganaliz: Kapak dosyaya gizlenen veriyi tespit etme iglemleri.

LSB, very gizleme teknikleri arasindaki en popiiler yontemlerden biridir. Gizlenecek mesaj bit katarina
cevrilir ve bu bitler kapak dosyasinin piksellerinin son bitleri ile degistirilerek gerceklestirilir. Bu
yontem ¢ok basit ve tahmin edilebilir olmasina ragmen hala popiilerligini korumakta ve gelistirilmeye
devam etmektedir. LSB tabanli veri gizleme yontemlerinde kapasite, algilanamazlik ve giivenlik
kriterleri yonlerinden gelistirme saglanmasi beklenmektedir (Umbaugh, 2010; Yang, 2008). LSB
yontemi bu ii¢ hedefi birden iyilestirmeyi amaglar.

LSB yonteminde, hangi piksellere veri gizleneceginin se¢imi olduk¢a onemlidir. Ciinkii komsu
piksellerle benzerlik orani yiiksek pikseller secilirse, degisim ¢iplak gozle fark edilebilir hale gelebilir.
Bunun ¢oziimii olarak, nispeten daha onemsiz alanlar, koyu arka plan alanlar1 ve kenar pikseller
secilebilir.

2.3. ROI ve RONI Bolgelerinin Tespiti

Medikal resimler, grinin tonlarindan olusan ve 0-255 arasinda piksel degerlerine sahip olan resim
dosyalaridir. Bu resimlerin genellikle kii¢iik bir kismi1 hastalik teshisi igin kullanilmaktadir. Resmin bu
kismi literatiirde ilgi alan1 (ROI) olarak tanimlamaktadir. Bu kismin disinda kalan alana ise, ilgi dist
alan (RONI) denilmektedir. Bu tarz galismalarda, veriler RONI kismina gizlenmekte ve ROI iizerinde
herhangi bir bozulmanin olmasi 6nlenmektedir. Yapilan ¢alismada, ilgili alanlarin tespiti i¢in kenar
belirleme algoritmalar1 (Canny, Sobel ve Prewitt) kullanilmigtir.

Beyin, gogiis, kol ve bacak olmak iizere viicudun dort farkli kismina ait medikal resimler, sozii edilen
algoritmalar kullanilarak ROI ve RONI alanlarina ayrilmigtir. Algoritmalar sayesinde, RONI olarak
belirlenen alandaki piksel degerleri 0, ROI olarak belirlenen alandaki piksel degerleri 255 yapilmistir.
Bdylece verilerin gizlenecegi piksel degerleri belirlenmistir. Algoritmalar1 resimlere uygularken, her
algoritma i¢in ideal esik degeri tespit edilmeye caligilmistir. Canny algoritmasi 0,0188 ile 0,0469
degerlerini alirken, Sobel 0,0639 degerini, Prewitt algoritmasi ise 0,0635 degerini almistir. Sekil 3’te
elde edilen c¢iktilar bu esik degerlerine gore elde edilmistir.

Resimler Orijinal Resim canny Sobel Prewitt

Kal

.
_

Bacak

Sekil 3: Kenar belirleme algoritmalariin sonuglari

2.3. Veri Gizleme (LSB)
Stenografide en ¢ok tercih edilen yontemlerden birisi, LSB (Least Siginificant Bit — En Anlamsiz Bit)
yontemidir. Bu yontemde, ilk olarak gizlenecek metin alinir ve bu metnin her bir karakterine karsilik
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gelen ASCII kodlarinin ikilik sistemdeki karsiliklari tespit edilir. Sonra bu ikilik say1 dizisi, ilk pikselden
baglanarak piksellerin renk degerlerinin son bitleri ile degistirilir (Irawan, 2017; Akhtar, 2016).

Yapilan ¢alismada, ilgi dis1 alandaki her bir piksele karsilik orijinal resimdeki adresin piksel degerinin
son biti ile gizlenecek mesajin ikili say1 dizisindeki biti yer degistirilir. Veri gomme isleminden sonra
ortii dosyasinin veri gomiilen piksellerinin tiimiinde degisiklik s6z konusu olmamaktadir. Gomiilecek
mesajin biti ile degisiklik yapilacak pikselin son biti ayni oldugunda herhangi bir isleme gerek
kalmamaktadir. Boylece disaridan resme bakildiginda herhangi bir degisiklik oldugu goz ile asla
algilanamamaktadir. Ancak Ortii dosyasina veri ¢ozme islemi yapilarak herhangi bir gizleme islemi
yapilip yapilmadigi anlasilabilir. Gizlenen verileri ortaya ¢gikarmaya yarayan steganaliz bilimi de, veri
gizleme bilimine paralel olarak gelisme gostermektedir. LSB yontemi steganaliz uygulamalar ile
rahatca c¢oOziilebildigi i¢in, farkli yoOntemlerle birlestirilerek giivenilirligi ve algilanamazlig
artirllmaktadir.

Sekil 4’ te ki akis diyagrami incelendiginde, orjResim parametresi ile veri gizlenecek medikal resim
secilmektedir. Daha sonra orjResim, sifreResim parametresine kopyalanarak sayisal karsilastirma
yapilabilmesi i¢in orijinal resim saklanmaktadir. Saklanacak mesaj, Mesaj parametresinde tutularak 8
bitlik dizi katarina gevrilmektedir. Boylece gizli mesaj rahatlikla resmin i¢ine gizlenebilecektir. Gri
tabanli forma doniistiiriilen sifreResim dosyasi, kenar belirleme algoritmasi se¢imi yapildiktan sonra
ROI ve RONI kisimlarina ayrilmaktadir. Bu ayirma islemi yapildiktan sonra, ROI bolgesindeki piksel
degerleri 1, RONI bolgesindeki piksel degerleri ise, 0 olacak sekilde resim yeniden diizenlenmektedir.
Elde edilen roiResim dosyasi, matrise doniistiiriilerek kurulan dongii iginde piksel degeri 0 olan alanlara
LSB yontemine goére, Mesaj parametresi igindeki veriler gomiilmektedir. Resmi ROI ve RONI
bolgelerine ayirma islemi sirasinda, esik degeri yontemi ile farkli kenar belirleme algoritmalarina farkl
viicut bolgelerinden resimler verilerek, ¢iktilar elde edilmektedir. Bu ¢iktilar daha sonra veri gizleme
islemi i¢in Ortii resmi olarak kullanilmaktadir.
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—l Bagla

Kaydedilen resmi piksel

Basla matrisine cevir
F
¥ sifreResimii,j) pikselinin
\Veri gizlenecek resmi seg ¥ en disik degerlikli bitini
orjResim RoiResim matris boyutu mesajDizi(sayac) biti ile
Satir (M), Sdtun (M) dedistir.

sifreResim matris boyutu
Satir(K), Shtum (L)

‘L l L 4
sifreResim=orjResim [ Bitir J

*

Gizli mesaji gir ¥ LSB Fonksiyonu
Meszaj

h

hesajdaki her karakteri
& bitlik bit katanna gewvir.

meszajlizi
¥
Resmi Gri Tabanh Forma
Dindgtir roiResim
(ij}==0
Eenar Belirleme
Algoritmalanim Seg
» Fonksiyon LSB
el i sayac)
algortimayifesime
Uygula *
l‘ sifreResim Kaydet l
Resmin piksel degerlerini Sayace Sayacle 1 a

ROI bolgesi 1. ROMNI balgesi
0 olacak sekilde dizenle

l Bitir

Elde edilen resmi kaydet
roiResim

'

Mesajdaki her karakteri
8 bitlik bit katarina gevir.
rmiesajDizi

I

Sekil 4: Temel akis diyagrami
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Tablo 1: Kenar belirleme algoritmalarina gore ilgi dig1 alan (RONI) maksimum kapasitelerinin kargilastiriimasi

Resimler Canny Sobel Prewitt
Mak.Kapasite (Bit) Mak.Kapasite (Bit) Mak.Kapasite (Bit)

Beyin 196168 191908 191978

Gogus 147455 155457 213491

Kol 179274 171065 172208

Bacak 220901 197837 185167

Tablo 2: Kenar belirleme algoritmalarina gore veri gizleme metriklerinin (MSE, PSNR) karsilagtirilmast

Canny Sobel Prewitt
esimer Bo%‘iz?JBit) MSE P(ig)R Bo%?S?JBit) MSE P(?jE)R Bo%ii?git) MSE P((Sjg)R
Beyin 196168 0.2421 | 54.3240 191908 0.2318 | 54.5143 191978 0.2400 | 54.3631
Gogs 147455 0.2103 | 54.9373 155457 0.2928 | 53.4995 213491 0.3489 | 52.7376
Kol 179274 0.3208 | 53.1020 171065 0.3206 | 53.1045 172208 0.3208 | 53.1028
Bacak 220901 | 0.3798 | 52.3688 | 197837 | 0.3345 | 52.9210 | 185167 | 0.3346 | 52.9197
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Tablo 3: Veri gizlenmis resimler (stego) ile orijinal resimlerin karsilastiriimasi

Resimler Orijinal Resim Canny Sobel Prewitt

Beyin

Gogilis

Kol

Bacak

3. ARASTIRMA SONUCLARI VE TARTISMA

Bu c¢aligmada, 4 farkli bolgeden 512x512 boyutlarindaki gri seviyeli medikal resimler 3 farkli kenar
belirleme algoritmasi ile test edilmistir. LSB yontemi kullanmilarak gizlenen veriler, MSE ve PSNR
karsilagtirma oOlgiitleri ile resimlerdeki bozulma durumlarinin testi i¢in kullanilmigtir. Kenar belirleme
algoritmalarinda ortalama deger alti, ortalama deger {istli, maksimum deger ve esik deger yontemleri
kullanilmaktadir. Gizlenecek mesaj miktar1 fazla oldugunda, maksimum deger yontemi gibi bazi
yontemler yetersiz kalmaktadir. Bu ylizden ¢alismada yeterli kapasiteye ulasabilmek i¢in en uygun esik
degerleri belirlenmistir.

Tablo 1°de kullanilan resimlerin boyutlar, gizli mesajin boyutu ve veri saklama kapasiteleri
goriilmektedir. Tablo 2’de ki degerler incelendiginde, her resim i¢in ilgili algoritmanin maksimum
saklama kapasitesi kadar veri gizlendigi goriilmektedir. MSE degerlerinin oldukg¢a diisiik ve PNSR
degerlerinin yiiksek oldugu goriilmektedir. Beklendigi iizere, mesaj boyutu artirlldiginda MSE degeri
artmakta, PSNR degeri ise azalmaktadir. Segilen yontem sayesinde ise ROI kismia veri saklama
ihtiyac1 kalmamistir. Tablo 3’ te ise, orijinal resimler ve icerisine gizli mesaj saklanan resimler
karsilastirilmali bir sekilde gosterilmektedir. Goriildiigli lizere aralarinda gozle tespit edilebilecek bir
farklilik olugmamustir.

4. SONUC

Medikal resimlerde, hastaya ait 6nemli kisisel bilgiler barindirilmaktadir ve bu goriintiiler internet
iizerinden elde edilen bir DICOM goériintiileyici ile rahat¢a elde edilebilmektedir. Bu ¢calismada, hastaya
ait bilgiler i¢in kenar belirleme algoritmalari kullanilarak, ilgi dis1 alan tespit edilmekte ve bilgiler LSB
yontemi ile bu alana gizlenmektedir. Bu sayede resimde herhangi bir bozulma gerceklesmedigi gibi,
verilerin glivenligi de saglanmaktadir. Kenar algilama algoritmalari ile birlikte kullanilan LSB saklama
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yontemi, ROI ve RONI alanlarinda ayrim yapildiktan sonra veri gizleme islemini gerceklestirdiginden
dolay1 daha giivenilir sonuclar vermektedir. Secilen algoritmalarda kullanilan resmin yapisina bagh
olarak kapasite degeri, MSE ve PSNR degerleri degiskenlik gdstermektedir. Tablo 2° de ki veriler
incelendiginde mesaj boyutlar1 farklilik gosterse de, Canny algoritmasi ile diger yontemlere gore daha
diisitk MSE ve daha yiiksek PSNR degerleri elde edilmektedir. Tablo 3°te gdsterilen resimlerde ise, veri
gizleme isleminden sonra resimler {izerinde gozle goriiliir bir degisiklik tespit edilmemektedir.

Bu c¢aligmada kullanilan LSB yontemi steganaliz yontemleri ile verilerin elde edilmesini engellemek
icin, farkli sifreleme teknikleri veya farkli veri gizleme yontemleri ile hibrit bir sekilde kullanilarak
giivenligi arttirilabilir. Ayrica hasta ve doktor arasindaki mahremiyet durumuna dikkat edilmesi i¢in,
doktorlarin biyometrik bilgileri ile sadece hastanin doktorunun gorebilecegi sistemler kullanilabilir.
Boylece yetkisiz kisilerin erisimi engellenmis olacaktir.
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Ozet

Fen, Teknoloji, Matematik ve Miihendislik bilim dallarinin biitiinlesik bir yap1 igerisinde 6gretilmesini
amaglayan FeTeMM egitim yaklasimi, son donemlerde gelismis ve gelismekte olan iilkelerin ilgilerinin
yogunlastigi bir alan olarak goriilmektedir. Buna paralel olarak FeTeMM egitim ile ilgili ulusal ve
uluslararasi arenada yapilan akademik caligsmalarin sayisinda da bir artis oldugu goriilmektedir. Bu
kapsamda, bu ¢alisma ile Tiirkiye’de FeTeMM egitimi konusunda 6gretmen ve Ogretmen adaylar
lizerine yapilmis olan tezlerin meta-sentez yontemiyle analiz edilerek aragtirma bulgulari, arastirma
yontemleri ve teorik ve analitik ¢ergeveleri noktasinda incelenmesi amaglanmaktadir. Buna bagli olarak
bugiine kadar yapilmis ve YOK Ulusal Tez Merkezinde erisime agik olan 21 tez inceleme kapsamina
almmustir. Elde edilen bulgular neticesinde FeTeMM alaninda yapilan ilk tez ¢alismasinin 2017 yilinda
yapildigi, 2017 — 2021 yillar1 arasinda belirli bir artis gosterdigi ancak 2021 yilindan itibaren yapilan
caligmalarin sayisinda azalmalar yasandigi goriilmiistiir. Ayrica ¢alisma sonucunda yapilan tezlerin
tamaminin yiiksek lisans tezi oldugu, tezlerde 6rneklem grubu olarak daha ¢ok 6gretmen adaylarinin
secildigi ve veri toplama yontemlerinden daha c¢ok farkindalik ve tutum o&lgegi kullanildigr tespit
edilmistir.

Anahtar Kelimeler: FeTeMM Egitimi, Ogretmen, Ogretmen Adaylar1, Meta-Sentez

ANALYSIS OF THESES MADE ON TEACHERS AND TEACHER CANDIDATES
ON STEM EDUCATION IN TURKEY: A META-SYNTHESIS STUDY

Abstract

The STEM education approach, which aims to teach the branches of Science, Technology, Mathematics
and Engineering in an integrated structure, has been seen as an area where the interest of developed and
developing countries has focused recently. In parallel, there has been an increase in the number of
academic studies on STEM education in the national and international arena. In this context, the aim of
this study is to analyze the research findings, research methods and theoretical and analytical
frameworks of the dissertations on teachers and teachers candidates on STEM education in Turkey using
the meta-synthesis method. Accordingly, 21 theses written so far and accessible at the YOK National
Thesis Center were included in the scope of examination. As a result of the findings obtained, it has
been seen that the first thesis study in the STEM field was conducted in 2017, and showed a certain
increase between 2017 and 2021, but since 2021, there has been a Decrement in the number of studies
conducted. In addition, as a result of the study, it was found that all of the theses were master's theses,
teacher candidates were more selected as a sample group in the theses and the awareness and attitude
scale was used more than data collection methods.

Keywords: STEM Education, Teacher, Teacher Candidates, Meta-Synthesis
*Bu ¢alisma Prof. Dr. Liitfullah TURKMEN’in danismanliginda Ayse Nur TAYTAK tarafindan Usak Universitesi

Lisanststi Egitim Enstitisiinde yirutilmekte olan “Fen Bilimleri Ogretmenlerinin FeTeMM Algilarinin ve
Pedagojik Yaklagimlarinin Incelenmesi” adli yiiksek lisans tez konusundan tiretilmistir.
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1. GIRIS

Tarihi stirec icerisinde, devletlerin fonksiyonlarinda meydana gelen degismelere paralel olarak amag ve
hedeflerinde de degisiklikler meydana gelmistir. Bu amag ve hedeflerin basinda teknolojik gelismelerin
takip edilerek ekonomik kalkinmanin saglanmasi ve toplumsal refahin arttirilmasi gelmektedir.
Ulkelerin, ekonomi alanindan meydana gelen degisimlere uyum saglayabilmesi, rekabet kosullarinda
stirdiiriilebilir biiyiimeyi gerceklestirebilmesi, sahip olduklari nitelikli beseri sermayeleriyle dogrudan
baglantilidir (Cakici, 2009). Bu kapsamda iilkelerin egitim politikalar1 ve egitim sistemleri, ekonomik
kalkinmanin gerceklestirilmesinde stratejik oneme sahip bir noktaya gelmistir. Bu iddiay1 desteklemesi
acisindan birgok iilkenin kalkinma politikalarinda belirlenen hedefler arasinda, bilim ve teknolojideki
hizla yasanan geligsmelerin takip edilmesinin niteliksel ve niceliksel olarak egitim politikalarinda yer
aldig1 gosterilebilir (Mugan Ertugral, 2018). Her ne kadar egitim siirecini etkileyen bir¢ok faktor olsa
da iilkelerin egitim politikalarinda aldig1 6nemli 6nlemlerden birisi de Fen, Teknoloji, Miithendislik ve
Matematik temelli 6grenme (FeTeMM) anlayis1 olmustur.

FeTeMM, oncelikle kendisini olusturan fen, teknoloji, miithendislik ve matematik bilimlerinin biitiinciil
yaklagimla ele alindig1 bir egitim yaklagimidir. Bu baglamda s6z konusu disiplinler bir konuyu ya da
problemi sadece kendi disiplinleri igerisinde degerlendirmeyip disiplinler arasi bir yaklagimla (yani
biitiinciil bir yaklasimla) ¢oziime kavusturmaktadir (Hom, 2014). Dolayisiyla FeTeMM egitim
anlayisinin en temel 6zelligi olarak biitiinciil bir egitim anlayisina sahip olmasi gosterilebilir. FeTeMM
egitim anlayisinin bu 6zelligi kendisini olusturan dort bilim dali arasindaki engelleri kaldiran ve bilgiyi
bir Ogretme ve Ogrenme anlayist igerisine Dbiitiinlestirmeye yonelik bir hareket olarak
degerlendirilmektedir (Lantz, 2009).

FeTeMM egitim anlayisinin literatiirde birgok taniminin yapildigi goriilmektedir. Yapilan bu tanimlar
birlikte degerlendirildiginde FeTeMM egitim yaklagiminin; “girisimciligi esas alan, problem ¢dzme ve
disiplinler aras1 uygulamali egitimi dnciileyen, 21. yiizyilin gereklerinden olan etkili iletisim, elestirel
diisiince, girisimcilik, inovasyon kabiliyeti, liderlik, medya ve teknoloji okuryazarlig1 gibi” 6zelliklere
sahip egitim yaklasimi olarak ifade edildigi goriilmektedir (Aydin Giinbatar, 2019; Bybee, 2010; Ring
vd., 2017). Bu kapsamda FeTeMM egitimin sahip oldugu ozelliklerle gelismis ve gelismekte olan
tilkelerin belirledikleri hedeflerle uyumlu olmasi FeTeMM egitim anlayisinin 6nemini giin gectikge
artirmistir. Buna bagl olarak da ulusal ve uluslararasi alan yazininda FeTeMM konusunda yapilan
caligmalarin arttig1 sdylenebilir.

Alan yazininda yapilan akademik ¢alismalardan birisi de lisansiistii tezlerdir. Lisansiistii tezler; yiiksek
lisans ve doktora tezlerinden olusmaktadir. Tez hazirlamanin amaci belirli bir akademik alandaki
konuyu derinlemesine arastirmak ve elde edilen sonuglarin arastirma yapan diger arastirmacilarin
kullanima sunarak bilimin gelismesine katki saglamaktir. Bu kapsamda, bu calisma ile Tiirkiye’de
FeTeMM egitimi konusunda 6gretmen ve 6gretmen adaylari iizerine yapilmis olan tezlerin meta-sentez
yontemiyle analiz edilerek ¢alismalarin hangi yillarda yapildigi, aragtirma amaglari, aragtirma bulgulari,
aragtirma yontemleri ve teorik ve analitik c¢ergeveleri noktasinda incelenmesi amaglanmistir. Ayni
zamanda elde edilen verilerin bir biitiin olarak okuyucuya sunulmasi hem FeTeMM konusunda ¢alisma
yapacak olanlara bir 151k tutmay1 hem de birbirini tekrar eden degil birbirinin devami niteliginde alan
caligmalarin yapilmasina yardime1 olmay1 amaglamaktadir.

2. CALISMANIN YONTEMI

Tiirkiye’de FeTeMM egitimi konusunda 6gretmen ve d6gretmen adaylari iizerine yapilmis olan tezlerin
sentezlenmesi amaciyla yapilmis olan bu ¢alismada meta-sentez yontemi kullanilmistir. Meta-sentez
yontemi, farkli konularda yapilmis olan ¢aligmalari belirli unsurlar tizerinden karsilagtirarak benzer ve
farkl1 yonlerinin ortaya konulmasini saglayan bir yontemdir (Gilimiis, 2018; Sandelowski, Docherty ve
Emden, 1997; Walsh ve Downe, 2005). Bu baglamda ¢alismanin ana ¢ergevesini analize dahil edilen
calismalarin hangi yillarda yapildigi, arastirma amaglari, arastirma bulgulari, arastirma yontemleri gibi
unsurlar olusturmaktadir.

2.1. Cahsmanin Kisiti

166



MY . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW

HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Analize dahil edilecek olan tez c¢alismalari belirlenirken 6zellikle tez basliklarinda “FeTeMM ve
Ogretmen” kelimelerinin yer almasi bu calismanim en énemli kisitim olusturmaktadir. Bunun nedeni
Ogretmenler ve Ogretmen adaylari {izerine yapilmis calismalarin FeTeMM kelimesi tizerinden
yapilmasini arzulamamiz ve desteklememizdir. Dolayisiyla tez basliginda STEM kelimesi yer alan
calismalar analize dahil edilmemistir.

2.2. Calisma Verilerinin Elde Edilmesi

Calismanin ilk agamasinda Yiiksekogretim Kurulu Ulusal Tez Merkezi web sayfasindan gelismis tarama
sekmesi lizerinden yayinlanmis olan tezlere ulasmak olmustur. Bu kisimda aranilacak kelimeler kismina
“FeTeMM” ve “Ogretmen” kelimeleri yazilarak tez adi sekmesinde tarama yapilmasi istenmistir. Tez
merkezinde yayinlanmis 22 adet tez calismasina ulasilmistir. Ancak ulasilan tezlerden bir tanesinin
farkli tez numarasina (607518 ve 541728) sahip olmasina ragmen ayni yazara ait miikerrer kaydoldugu
tespit edilmis olup bu tezlerden birisi analizden ¢ikartilarak 21 tez calismasi tlizerinden analizimiz
gergeklestirilmistir.

2.3. Kodlama Siireci

Kodlama siirecinde ilk olarak ulasilan tezlerin hepsinin okunularak, aragtirma kapsaminda meta-sentez
analizine dahil edecegimiz hususlarla ilgili veriler ¢alisma kagidina kaydedilmistir. Belirlenmis olan
temalara uygun olarak kodlamalar yapilmistir. Ayrica her bir tez, yayim yili dikkate alinarak 1’den 21°e
kadar numaralandirilarak kodlama yapilmistir.

2.4. Verilerin Analizi

Caligma kapsaminda analize tabii tuttugumuz tez g¢aligmalari, belirlenmis olan temalara uygun olarak
tablolar seklinde okuyucuya sunulmustur. Verilerin bu sekilde sunulmasi elde edilen verilerin belirli bir
diizen icerisinde okuyucuya aktarilmasini amaglamaktadir.

3. BULGULAR
Bu baslik altinda tezlerden elde edilen bulgularin her bir alt probleme gore tasnifi yapilarak ele
alinmustir.

3.1. Tezlerin Yillara Gore Dagilimi

Analiz edilen tezlerin yillara gore dagilimina baktigimizda tez basliginda “FeTeMM ve Ogretmen”
kelimelerinin yer aldigi ilk tezin 2017 yilinda yapildig1 goriilmektedir. Bu tarihten sonra 6zellikle 2018
yilinda 7, 2019 yilinda 6 tezin yapildigy, takip eden yillarda ise bir diisiis egitimi gostererek 2020 yilinda
4, 2021 — 2022 ve 2023 yillarinda ise sadece 1’er tez calismasinin yapildigi goriilmiistiir.

Tablo 1: Tezlerin Yillara Gore Dagilimi

Tez Tez Yaym | Tez Adx Universite
Kodu | Tarihi
X1 2017 “Ogretmen adaylarinin FeTeMM farkindaliklarinin FeTeMM | Bogazigi
alanlar1 tanimlar ve iligkileri {izerinden incelenmesi” Universitesi
X 2017 “Ogretmen adaylarinin FeTeMM egitimi ve FeTeMM Yiiziincii Y1l
etkinlikleri hakkindaki goriisleri” Universitesi
X3 2018 “Robotik FeTeMM uygulamalarinin fen bilgisi 6gretmen Mugla Sitki
adaylarinin akademik basari, bilimsel siire¢ becerileri ve Kog¢man
motivasyon iizerine etkileri” Universitesi
X 2018 “Ogretmen adaylarinin entegre FeTeMM gretimine Canakkale
yonelimlerinin ve teknolojiye yonelik tutumlarimin farkl Onsekiz Mart
degiskenler agisindan incelenmesi” Universitesi
Xs 2018 “Mobil teknolojiye dayali FeTeMM uygulamalarinin Dokuz Eyliil
Ogretmen adaylarmin miithendislik tasarim becerilerine, Universitesi
sistem diistinme zekasina ve 6gretmenlik 6zyeterliklerine
etkisi”
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X 2018 “Fen bilgisi 6gretmen adaylarinin FeTeMM’e yonelik bilissel | Usak
yapilarinin problem ¢6zme becerilerinin ve FeTeMM Universitesi
Ogretimi yonelimlerinin incelenmesi”

X7 2018 “Tasarim temelli FeTeMM (fen, teknoloji, matematik ve Usak
miihendislik) etkinliklerinin fen bilgisi 6gretmen adaylarmin | Universitesi
bilgi diizeylerine bilimsel siire¢ becerilerine ve tutumlarina
etkisi”

Xs 2018 “FeTeMM etkinliklerinin, fen bilgisi 6gretmen adaylarinin Canakkale
0z-yeterlik inanglaria, FeTeMM egitim yaklasimina ve fen Onsekiz Mart
Ogretimine yonelik diisiincelerine etkisinin incelenmesi” Universitesi

Xo 2018 “Fen bilimleri, matematik ve sinif 6gretmen adaylarinin Akdeniz
FeTeMM oOgretimine iligkin yonelimleri” Universitesi

X1o 2019 “Fen bilgisi 6gretmen adaylarinin entegre fen, teknoloji, Mugla Sitki
mithendislik ve matematik (FeTeMM) 6gretimi Kog¢man
yonelimlerinin incelenmesi (Ege bolgesi drnegi)” Universitesi

X 2019 “Fen bilgisi 6gretmen adaylarinin entegre FeTeMM 06gretimi | Canakkale
yonelimlerinin ve FeTeMM farkindaliklarinin belirlenmesi” | Onsekiz Mart

Universitesi

X1 2019 “FeTeMM uygulamalarinin biyoloji 6gretmen adaylarinin Gazi
FeTeMM farkindaliklarina ve goriislerine etkisi” Universitesi

Xis 2019 “Ogretmen adaylarinin FeTeMM farkindaligi ve gretim Akdeniz
programina entegrasyonu hakkinda gériislerinin incelenmesi” | Universitesi

X4 2019 “Bilgisayar ve dgretim teknolojileri 6gretmen adaylarinin Yiiziincii Y1l
STEM (FeTeMM) egitimine yonelik goriis ve tutumlar1” Universitesi

Xis 2020 “FeTeMM yaklagimina dayal1 okul dis1 etkinliklerin Mugla Sitki
Ogretmen adaylarinin bitkiler konusu ile ilgili akademik Kog¢man
basar1 ve okul dig1 6gretime yonelik gorisleri lizerine Universitesi
etkileri”

Xi6 2020 “Biitlinlestirilmis FeTeMM etkinliklerinin fen bilgisi Balikesir
Ogretmen adaylarinin FeTeMM ile ilgili tutum ve Universitesi
Ozyeterliklerine etkisinin incelenmesi”

X1z 2020 “Miihendislik tasarim siireci etkinliklerinin sinif 6gretmen Yozgat Bozok
adaylarinin Fen Teknoloji Miihendislik Matematik Universitesi
(FeTeMM) farkindaliklarina ve miihendis algilarina etkisi”

Xis 2020 “Ogretmen adaylarmin fen, teknoloji, miihendislik, Hacettepe
matematik (FeTeMM) entegrasyonuna yonelik 6zyeterlik Universitesi
algilarinin incelenmesi”

X19 2021 “STEM (FeTeMM) yaklasiminda robotik uygulamalarin Trakya
(arduino) kullanimina ydnelik fen dgretmen egitimi” Universitesi

Xa0 2022 “Farkl1 boliimlerdeki 6gretmen adaylarimin FeTeMM Kocaeli
farkindalig1 ve teknoloji okuryazarliklarinin incelenmesi” Universitesi

Xo1 2023 “Fen bilimleri 6gretmen adaylarinin FeTeMM ile ilgili Nigde Omer
farkindaliklar” Halis Demir

Universitesi

Ayrica Tablo1’de tezlerin hangi iiniversitede gerceklestirildigi de goriilmektedir. Yayinlanmis tezlerin
14 farkh iiniversitede hazirlandig1 ve 3’er adet tez galismasiyla en fazla tezin Mugla Sitki Kogman
Universitesinde (X3, Xio Ve Xis) ve Canakkale Onsekiz Mart Universitesinde (Xs, Xs Ve Xii)
hazirlandig1 gortilmektedir.

3.2. Tezlerin Amaclar1 ve Egitim Diizeyleri
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Akademik aragtirmalarin 6zgiinliigiinii ortaya koyan en énemli unsur ¢aligmanin amacidir. Calismanin
amaci, orneklemin se¢iminden ¢aligmada kullanilacak yontemin belirlenmesine kadar tiim asamalarda
caligmaya yon veren onemli bir kisimdir. Bu bakimdan galigmanin bu kisminda analize dahil edilmis

olan tezlerin amaglar1 ve egitim diizeyleri noktasinda degerlendirmeler yapilacaktir.

Tablo 2: Tezlerin Amaglar1 ve Egitim Diizeyi

Tez Tez Amaci Egitim

Kodu Diizeyi

X1 “FeTeMM (Fen, Teknoloji, Miihendislik, Matematik) ile ilgili 6gretmenlik Yiiksek
programlarinda okuyan birinci sinif ve son sinif 6gretmen adaylarinin Lisans Tezi
FeTeMM farkindaliklarini, FeTeMM tanimlari ve alan iliskileri {izerinden
farkliliklarinin tespit edilmesi”

X “Fizik d6gretmen adaylariin Fen, Teknoloji, Miihendislik ve Matematik Yiiksek
(FeTeMM) egitimi ve FeTeMM etkinlikleri hakkindaki goriislerini Lisans Tezi
belirlemektir”

Xs “Fen Bilgisi Ogretmenligi 4. Stmf 6gretmen adaylari ile (n=42) LEGO Yiiksek
Mindstorms EV3 egitsel robotik setlerini kullanilarak, bocek yasamini taklit | Lisans Tezi
eden robotlar tasarlamak ve programlamak amaciyla deneysel bir arastirma
yapmak”

X4 “Ogretmen adaylarinin entegre FeTeMM &gretimine yonelik yonelimleri ve | Yiiksek
teknolojiye yonelik tutumlarinin incelenmesi amaglanmistir” Lisans Tezi

Xs “Mobil teknolojiye dayali FeTeMM uygulamalarinin 6gretmen adaylarinin Yiiksek
mithendislik tasarim becerilerine, sistem diisiinme zekasina ve 6gretmenlik Lisans Tezi
Ozyeterliklerine etkisinin incelenmesidir”

Xs “Fen Bilgisi Ogretmen adaylarinin FeTeMM’e yonelik bilissel yapilarini, Yiiksek
problem ¢ozme becerilerini, FeTeMM 6gretimi yonelimlerini ve gortslerini | Lisans Tezi
incelemektir”

X7 “Fen bilgisi 6gretmen adaylarinin Fen Ogretimi Laboratuvar Uygulamalari-11 | Yiiksek
dersinin tasarim temelli FeTeMM (Fen, Teknoloji, Matematik ve Lisans Tezi
Miihendislik) etkinlikleriyle yiiriitiilmesinin fen bilgisi 6gretmen adaylarinin
bilgi diizeylerine bilimsel siire¢ becerilerine ve tutumlarina etkisini ortaya
cikarmak amaglanmaktadir”

Xs “Fen Bilgisi Ogretmen adaylarimin FeTeMM egitim yaklasimimin 6gretmen Yiiksek
ozyeterliklerine, Fen 6grenimine yonelik diisiincelerine ve FeTeMM egitimi | Lisans Tezi
yonelimlerine etkisini belirlemektir”

Xo “Fen bilimleri, sinif ve matematik 6gretmen adaylarinin FeTeMM &gretimi Yiiksek
yonelim diizeylerini cinsiyet, ana bilim dali ve iiniversite gibi farkl Lisans Tezi
degiskenlere gore incelemek amaglanmigtir”

X1o “Ege Bolgesi’nde seckisiz segilen dort devlet {iniversitesinin egitim Yiiksek
fakiiltelerindeki birinci ve dordiincii sinif fen bilgisi 6gretmen adaylarinin Lisans Tezi
cinsiyet, sif ve 6grenim gordiikleri fakiilte degiskenleri agisindan
biitiinlesik FeTeMM 6gretimi yonelim diizeylerinin incelenmesidir”

X1 “Fen bilgisi 6gretmen adaylarinin biitiinlesik FeTeMM &gretimi Yiiksek
yonelimlerini ve FeTeMM farkindaliklarini belirlemektir” Lisans Tezi

X1z “FeTeMM etkinliklerinin biyoloji 6gretmen adaylarinin FeTeMM egitimi Yiiksek
hakkinda farkindaliklarina etkisini belirlemektir” Lisans Tezi

X13 “Ogretmen adaylarinin FeTeMM farkindaliklarini, FeTeMM’in 6gretim Yiiksek
programina entegrasyonu hakkindaki yonelimlerini ve bu iki tutumu ¢esitli Lisans Tezi
degiskenler (cinsiyet, ana bilim dali, sinif diizeyi, yas araligi) agisindan
incelemeyi amaclamigtir”

X4 “Tiirkiye’de bir iiniversitenin Bilgisayar ve Ogretim Teknolojileri Egitimi Yiiksek
boliimiinde 7. ders donemine kayitl olan 30 6gretmen adayinin ‘Egitim Lisans Tezi
Ortamlarinda Teknoloji Uygulamalari’ dersinde bir donem boyunca STEM
(FeTeMM) egitimi ve uygulamalari, mithendislik, teknoloji ve bu disiplinler
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arasindaki iligkiye yonelik tutumlarini ve goriislerini belirlemek
amagclanmistir”

Xis “Bu ¢alismada, Genel Biyoloji Laboratuvari II dersinde, Fen Bilgisi 2. Stmif | Yiiksek
Ogretmen Adaylari ile yiiriitiilen deneysel bir uygulama ile okul dis1 Lisans Tezi
FeTeMM yaklagimiyla olusturulmus etkinliklerin, 6gretmen adaylarinin
akademik basarilarina ve okul dis1 FeTeMM anlayisina yonelik goriislerinin
etkisinin tespit edilmesi amag¢lanmigtir”

Xie “Calismada FeTeMM egitimi temelinde Fen, Teknoloji, Miihendislik, Yiiksek
Matematik disiplinleri ile tasarlanan etkinliklerin fen bilgisi 6gretmen Lisans Tezi
adaylarinin FeTeMM egitimi ile ilgi tutumlari ve 6zyeterlikleri {izerinde
anlamli farklilik olusturup olusturmadigi belirlenmistir”

X7 “FeTeMM uygulama yollarindan biri olan Miihendislik Tasarim Siireci Yiiksek
(MTYS) etkinlikleri ile sinif 6gretmeni adaylarinin FeTeMM farkindaliklarini | Lisans Tezi
ve mithendislik algilarini gelistirmek, uygulama sonucunda sinif 6gretmen
adaylarinin etkinlikler ile ilgili goriislerini almaktir”

X1 “Egitim fakiiltelerinde FeTeMM ile iliskili alanlarda 6grenim gérmekte olan | Yiiksek
ogretmen adaylarinin FeTeMM egitimine iliskin 6zyeterliliklerinin Lisans Tezi
belirlenmesidir”

X9 “FeTeMM yaklagiminda robotik uygulamalarin (arduino) kullanimina Yiiksek
yonelik fen 6gretmen egitimi 6gretmen adaylarinin bilimsel yaraticiliklarina, | Lisans Tezi
FeTeMM farkindaliklarina ve arduino destekli proje tabanli 6gretime iliskin
Ozyeterliliklerine etkisinin incelenmesi amaciyla gerceklestirilmigtir”

X0 “Fen Bilgisi Ogretmenligi, ilkogretim Matematik Ogretmenligi, Simf Yiiksek
Ogretmenligi ve Yabanci Dil Ogretmenligi adaylarinin FeTeMM farkindalik | Lisans Tezi
ve teknoloji okuryazarlik diizeylerinin ne oldugunu, boliimlerine gore
farklilagip farklilasmadigini ve birbirleri arasindaki iliskiyi ve yordayiciligini
incelemektir”

Xo1 “Tiirk ve Kazak fen bilimleri 6gretmen adaylarinin FeTeMM alanlari Yiiksek
algilarina, FeTeMM farkindaliklarini ve bu alanlar arasindaki iliskileri Lisans Tezi
algilama bi¢imlerini incelemektedir”

Analize tabii tutulan tez ¢aligmalarina baktigimizda Tablo 2’den de anlasilacag: iizere Ogretmen ve
Ogretmen Adaylarinin FeTeMM algilar1 ve farkindaliklarinin tespiti {izerine yapilmis ¢alismalarm (X1,
Xa, Xa, Xo, X12, X11, X13, X14, X17, X19. X20 V& X21) ¢ogunlukta oldugu goriilmektedir. Bunu Ogretmen ve
Ogretmen Adaylarinin FeTeMM konusundaki 6z-yeterliliklerinin tespit edilmesini amaglayan

caligmalar (Xs, Xs, Xio, X16 Ve Xig) izlemektedir.

Daha sonra ise FeTeMM uygulamalar1 ve

etkinliklerinin Ogretmen ve Ogretmen Adaylarmin akademik basarilarini olan etkisinin belirlenmesine
yonelik yapilmis ¢aligmalar (X3, X, X7 Ve Xi5) gelmektedir. Ayrica yapilmis olan tez galigmalarina
baktigimizda tezlerin tamaminin yiiksek lisans tezinden olustugu goriilmektedir. Bu da demektir ki
Ogretmen ve 6gretmen adaylari {izerine FeTeMM baglikli doktora tezinin bugiine kadar hi¢ yapilmamis
oldugudur.

3.3. Tezlerde Kullanilan Yontemler
Calismanin bu bashiginda FeTeMM konusunda Ogretmen ve Ogretmen Adaylari iizerine yapilmis
tezlerde kullanilan yontemlerin dagilimina yonelik bulgulara yer verilmistir. Bu ¢er¢evede Tablo 3

hazirlanmistir.
Tablo 3: Tezlerde Kullanilan Y6ntemler
Tez Kullanilan Yontemler
Kodu
X1 Arastirmada karma arastirma yontemi kullanilmustir.

1. Asamada agik uclu anket uygulamasi
2. Goriigme teknigi kullanilmastir.
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X

Arastirmada nitel ¢alismalarda kullanilan fenomenografik (olgubilim) aragtirma yontemi
kullanilmistir. A¢ik uglu sorularin yer aldigi miilakat teknigi kullanilmustir.

X3

Aragtirmada Ontest — sontest kontrol gruplu deneysel desen kullanilmistir.

X4

Arastirmada betimsel tarama modeli kullanilmistir. Anket uygulamasi yapilmustir.

Xs

Arastirmada 6n test-son test kontrol gruplu yar1 deneysel arastirma modeli
kullaniimstir.

Xs

Aragtirmada i¢ i¢e desenli karma yontem kullanilmistir.

X7

Aragtirmada nicel arastirma yontemlerinden —tek grup 6n test-son test nicel deneysel
desen kullanilmistir.

Xs

Aragtirmada karma arastirma yontemi kullanilmustir.

1. Asamada nicel arastirma yonteminde tek gruplu 6n test- son test deneysel deseni
yontemi,

2. Asamada nitel arastirma yonteminde ise durum c¢aligmasi olarak yar1 yapilandirilmig
goriisme yontemi kullanilmigtir

Aragtirmada nicel arastirma yontemlerinden tarama modeli kullanilmistir

Aragtirmada nicel arastirma yontemlerinden betimsel tarama modeli kullanilmistir.

Aragtirmada nicel arastirma yontemlerinden tarama modeli kullanilmigtir.

Aragtirmada nicel ve nitel veri toplama araglariin kullanildigi nicel ve nitel veri analiz
yontemleri kullanilmistir.

Aragtirmada betimsel aragtirma yontemi ve tarama modeli kullanilmigtir,

Aragtirmada karma arastirma yontemi kullanilmgtir.

1. Nicel verilerin toplanmasi i¢in deneysel model tiirlerinden tek grup 6ntest - sontest
modeli tercih edilmistir.

2. Nitel veriler i¢in olgubilim (fenomenoloji) deseni kullanilip, yar1 yapilandirilmis
goriisme formu kullanilmistir.

Aragtirmada gergek deneysel desenlerden son test kontrol gruplu seckisiz desen
kullanilmigtir.

Caligmada karma arastirma yontemlerinden yakinsayan paralel desen kullanilmistir.

Aragtirmada karma yontem arastirma modeli kullanilmistir.

1. Nicel arastirma verilerinin toplanmasi amactyla, 6ntest- sontest tek grup desen
modeli, 2. Nitel arastirma verilerinin toplanmasi amaciyla bu aragtirmada durum
caligmasi olarak yar1 yapilandirilmis gériisme formu kullanilmustir.

X1

Calismada nicel arastirma desenlerinden tarama arastirmasit kullanilmistir.

X9

Calismada modellerinden tek grup ontest—sontest modeli kullanilmisgtir.

Xa0

Calismada ¢oklu arastirma yontemi kullanilmigtir.

X1

Calismada tarama modellerinden biri olan betimsel tarama modeli kullanilmistir.

Tablo 3’e gore, hazirlanmis olan tezlerde kullanilan yontemlere baktigimizda 13 tez calismasinda nicel
yontemlerin tercih edildigi; bu kapsamda deneysel desen ve betimsel tarama modellerinin kullanildig:
anlagilmaktadir. 7 tez ¢calismasinda ise karma arastirma modeli kullanildig1 dikkati ¢ekmektedir. Bunun

yaninda 1 tez caligsmasinda (X20) ¢oklu arastirma yonteminin kullanildig1 gériilmektedir.

3.4. Tezlerde Ulasilan Sonuclar
Calismanin bu baslhiginda FeTeMM konusunda Ogretmen ve Ogretmen Adaylari iizerine yapilmis
tezlerde ulasilan sonuglara yer verilmistir. Bu gercevede Tablo 4 hazirlanmugtir.

Tablo 4: Tezlerde Ulasilan Sonuglar

Tez
Kodu

Ulasilan Sonuclar

X1

Arastirma sonuglarina bakildiginda katilimcilarin FeTeMM alanlarinm dogru
tanimlayabildikleri, FeTeMM alanlar1 arasindaki iligskiyi dogru kurabildikleri ancak
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giinliik hayatta karsilagtiklar1 6rneklerle FeTeMM alanlar arasindaki iligskiyi dogru
kurmakta zorlandiklar tespit edilmistir.

X

Aragtirmanin sonuglarina bakildiginda 6gretmen adaylarinin, derslerde FeTeMM
etkinliklerinin kullanilmasinin dersleri daha eglenceli ve dikkat ¢ekici hale
doniistiirdiigiinii, 6grencilerin ilgilerinin arttirdigin1 ve buna bagl olarak derse katilim
diizeyinin artmasina vesile oldugunu ifade etmislerdir. Ayrica 6gretmen adaylarinin
FeTeMM etkinliklerini kullanmada zorluk ¢ekmedikleri ayn1 zamanda ders
performanslarinin olumlu yonde etkilendigini ifade etmislerdir.

X3

Aragtirma sonuclarina bakildiginda, Robotik FeTeMM uygulama etkinliklerinin
Ogretmen adaylarinin bilimsel gelismelerine ve cesitli beceriler kazanmalarina destek
oldugu ve derse yonelik motivasyonlarinin artmasina vesile oldugu sonucuna
ulagtlmistir. Ayrica Robotik FeTeMM tasarimu etkinliginde 6gretmen adaylarinin
derslerde daha aktif rol aldiklar1, 6grenime yonelik isteklerinde bir artis gozlendigi ve is
birligi kabiliyetlerinin gelistigi gdzlemlenmistir.

Xa

Aragtirma sonucuna bakildiginda, 6gretmen adaylarinin teknoloji ve biitiinlesik
FeTeMM oOgretimine yonelik egilimlerinin olumlu seviyede oldugu ayrica fen bilimleri
Ogretmenlerinin biitiinlesik FeTeMM egilimlerinin diger boliimlerdeki 6gretmen
adaylarina gore daha yiiksek seviyede oldugu belirlenmistir.

Xs

Arastirma sonucuna bakildiginda, 6gretmen adaylarinin FeTeMM egitim anlayigim
dogru tanimladiklari, FeTeMM’in disiplinler aras1 bir yaklagim olarak tanimladiklari
tespit edilmis olmasina ragmen FeTeMM uygulamalar konusunda mevcut okul
sartlarinin yeterli diizeyde olmadigi, FeTeMM egitimi konusunda dgretmen ve 6gretmen
adaylarina yonelik ¢esitli egitimler verilmesi gerektigine yonelik goriislerin yogun
oldugu ifade edilmistir.

Xs

Aragtirma sonucuna bakildiginda, yapilan uygulama neticesinde 6gretmen adaylarinin
problem ¢6zme becerilerinde belirgin oranda gelisme yasandigi, 6gretmen adaylarinin
biitiinlesik FeTeMM o6gretim egilimlerinin FeTeMM etkinlikleri neticesinde anlamli
diizeyde gelisme oldugu tespit edilmistir. Netice itibariyle, FeTeMM etkinlikleri
sayesinde 6gretmen adaylarinin FeTeMM ozyeterliliklerinde gelismeler meydana
geldigi tespit edilmisgtir.

X7

Aragtirma sonucuna bakildiginda FeTeMM etkinliklerinin fen bilimleri 6gretmen
adaylarinin bilimsel siire¢ becerilerinin gelismesine katki sagladigi yorumu yapilmustir.
Ancak yapilan etkinlikler neticesinde 6gretmen adaylarinin yenilenebilir enerji
kaynaklarina yonelik tutumlarinin degismedigi gozlenirken verilen cevaplarin uygulama
oncesinde yapilan agik uglu sorulara verdikleri cevaplarla kiyaslandiginda bilgi
diizeylerinde artis meydana geldigi tespit edilmistir.

Xs

Arastirma sonucuna bakildiginda, FeTeMM egitim yaklasimimin 6zyeterlilik inanglarina
anlamli bir etkisinin olmadig1 ancak dgretmen adaylarinin fen bilgisi dersinde konularin
ogretilmesinde FeTeMM egitim yaklasimlarinin yararli olacagina yonelik goriislerde
belirli bir artis oldugu sonucuna ulasilmistir. Ayrica fen bilimleri 6gretmen adaylarinin
FeTeMM egitimini FeTeMM disiplinleri ile iliskilendirebildikleri, problem ¢zme
becerilerinin gelisimine ve inovatif 6zelliklerinin gelismesine katki sagladigi sonucuna
ulasiimistir.

Xo

Arastirma sonucuna bakildiginda 6gretmen adaylarinin FeTeMM o6gretim yonelimleri
diizeylerinin olumlu oldugu, Cinsiyet degiskenine gore bilgi boyutunda belirli bir
farklilik s6z konusu degilken algi-tutum-davranis yonelimi alt boyutunda kadinlar lehine
anlamli farkliliklarin oldugu sonucuna ulagilmistir. Buna karsin 6gretmen adaylarinin
6grenim gordiikleri boliim degiskenine gére incelenen alt-boyutlardaki ortalama puanlar
arasindaki farklilik istatistiksel olarak anlamli oldugu sonucuna ulagilmistir.

Aragtirma sonucuna bakildigin, 6gretmen adaylarinin cinsiyet degiskenine gore
biitiinlesik FeTeMM 6gretimi egilimlerinde analiz edilen alt boyutlar bakimindan
anlaml bir farklilik gériilmemistir. Ancak 6gretmen adaylarinin 6grenim gordiikleri
fakiilte degiskenine gore bilgi, tutum, algilanan davranis ve davranis yonelimi alt
boyutlaria gore anlamli bir farklilik oldugu gézlemlendigi ifade edilmistir.
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X1

Arastirma sonuglarina bakildiginda fen bilimleri 6gretmen adaylarinin FeTeMM 6gretim
yonelimleri ve FeTeMM farkindaliklarinin cinsiyet ve sinif degiskenlerine gore anlaml
farkliliklarinin oldugu sonucuna ulagilmistir,

Arastirma sonuglarina bakildiginda deney grubundaki ve kontrol grubundaki
ogrencilerde FeTeMM etkinlikleri sonrasinda FeTeMM farkindaliklarinda herhangi bir
farkliliga rastlanilmadig1 goriilmiistiir. Ayrica deney ve kontrol grubundaki 6grencilere
FeTeMM uygulamalarinin yapilmadigi teorik anlatimlarinin gergeklestirildigi buna goére
kontrol grubundaki 6grencilerde FeTeMM farkindaliklarinda farkliligin oldugu tespit
edilmistir.

X13

Aragtirma sonuclarina bakildiginda 6gretmen adaylarinin cinsiyet degiskenine gore
FeTeMM farkindaliklar1 ve FeTeMM o&gretim yonelimleri agisindan farkliliklarinin
bulunmadig, sinif diizeyleri ve yas degiskenliklerine gore ise FeTeMM
farkindaliklarinda olumlu yonde farkliliklarin oldugu tespit edilmistir. Ayrica 6gretmen
adaylarinin FeTeMM egitimini kullanma konusunda yeterli beceriye sahip olma,
O0grenme performanslarini gelistirme ve proje tasarimi alanlarinda gesitli kaygilar
tasidiklari tespit edilmistir.

Aragtirma sonuglarina bakildiginda, 6gretmen adaylarinin cinsiyet ve bilgisayar
sahipligi degiskenlerine gore FeTeMM egitim yaklagimlarina gére anlamli bir farkliligin
bulunmadig, yas degiskenine gore 20 yas grubundaki 6gretmen adaylarinin ontest-
sontest sonuglarina goére anlamli bir farkliligin oldugu tespit edilmistir. Ayrica 6gretmen
adaylarinin FeTeMM egitimi ve uygulamalari neticesinde FeTeMM egitim yaklasimina
yonelik ilgilerinin arttig1 tespit edilmistir.

Aragtirma sonuclarina bakildiginda, 6gretmen adaylarinin son test sonuglarina gére okul
dis1 FeTeMM etkinlik uygulamalarinin akademik basarilari {izerinde olumlu bir etkiye
sahip oldugu ayrica 6gretmen adaylarinin arastirma yapma, sorgulama, verileri
kaydetme gibi bilimsel becerilerine de olumlu katkilar sagladigi tespit edilmistir. Bunun
yaninda okul dis1t FeTeMM etkinlikleri sayesinde 6gretmen adaylarinin merak
duygusunun gelistigi, bitkilere yonelik farkindaliklarinin arttig1 ve arastirma yapmayi
zevkli hale getirdigi yoniinde goriislere sahip oldugu ifade edilmistir.

X6

Aragtirma sonuclarina bakildiginda, 6gretmen adaylarinin FeTeMM egitim yaklagimi ile
ilgili tutum ve 6z yeterliliklerinde anlamli farkliliklarin ortaya ¢iktig1 ve bu tiir
etkinliklerin 6gretmen adaylarinin egitim siireglerine olumlu yansimalar saglayacagi
tespit edilmistir.

X1z

Aragtirma sonuclarina bakildiginda, 6gretmen adaylarinin toplam FeTeMM farkindalik
puanlari ile FeTeMM egitim yaklagiminin arastirmaya konu edilen 6grenciye etkisi,
derse etkisi ve 6gretmene yonelik etkileri noktasinda pozitif anlamda bir degisiklige
neden oldugu tespit edilmistir.

X1

Arastirma sonuglarina bakildiginda, 6gretmen adaylarmin FeTeMM ile ilgili bir
etkinlige katilmalarinin FeTeMM algilarina, teknolojiyi kullanma yoniinde ve FeTeMM
konularina ilgi duymalarina yonelik olumlu etkilerinin olacagim gdstermistir. Ayrica
6gretmen adaylarmin FeTeMM farkindaligi konusunda cinsiyet degiskenine gore
anlamli bir farkliligin bulunmadig ancak dgrenim gordiikleri boliim, mithendislik
tasarimlari noktasinda sahip olduklar1 algi diizeylerinin belirli farkliliklarinin oldugu
tespiti edilmisgtir.

X9

Aragtirma sonuglarina bakildiginda fen bilimleri 6gretmen adaylarina uygulanan 6lgek
neticesinde FeTeMM farkindaliklari noktasinda anlamli bir gelisme olugmadigi
sonucuna ulagilmistir. Ancak 6ntest-sontest uygulama sonuglarina goére proje tabanl
ogretime iliskin 0z yeterlilikleri incelendiginde sontest grubu lehine anlamli bir
farkliligin oldugu sonucuna ulasilmistir.

Arastirmanin sonuglarina bakildiginda, uygulanan anket sonuglarina gére 6gretmen
adaylarinin FeTeMM farkindaliklariin ve teknoloji okuryazarliklarinin olumlu oldugu
gdzlenmistir. Ayrica genel itibariyle elde edilen sonuglar degerlendirildiginde 6gretmen
adaylarinin boliim farkliliklar: degiskenine gore 6gretmen adaylarinin FeTeMM
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farkindaliklar ve teknoloji okuryazarliklar1 noktasinda anlamli, pozitif ve diisiik
diizeyde iliskin oldugu tespit edilmistir.

Xo1 Aragtirma sonuclarina bakildiginda Tiirk ve Kazak 6gretmen adaylarinin fen disiplinini
FeTeMM disiplinleri arasinda kabul ettikleri ve FeTeMM disiplinleri ile algilarinin
ortalama diizeyde oldugu tespit edilmistir.

Tablo 4’¢ gore, hazirlanmis olan tezlerde ulasilan sonuglara bakildiginda tez ¢alismalarinin
benzerliklerinin oldugu gibi farkliliklarinin da oldugu sdylenebilir. Ornegin FeTeMM farkindaliklarmin
cinsiyet, 0grenim goriilen bolim, 6gretmenlik bransi gibi degiskenler baglaminda analiz edilen tezlere
bakildiginda cinsiyet degiskenine gore anlamli bir farkliligin bulunmadig tezler varken (Xo, X1, X13 Ve
Xig) anlamli farkliliklarin bulundugunu tespit eden tezlerin de bulundugu (X11 ve Xis4) goriilmektedir.
Bunun yaninda FeTeMM  etkinliklerinin 6gretmen ve Ogretmen adaylarinin derse yonelik
ozyeterliliklerini olumlu yonde etkiledigini tespit eden tezlerin bulunmasina karsilik (Xs, X7, X5 X17Vve
Xig) Ogretmen ve Ogretmen adaylarinin derse yonelik 6zyeterliliklerini olumlu yonde etkilemedigi
sonucuna ulasan tez de (Xs) bulunmaktadir.

Bunun yaninda, FeTeMM’i dogru tanimlama ve FeTeMM disiplinleri arasindaki iligkiyi dogru algilama
konusunda arastirma yapan tezlerin sonuglarina baktigimizda bu tezlerin hemen hemen tamaminda
ogretmen ve Ogretmen adaylarinin FeTeMM’i dogru tamimlayabildikleri (X; ve Xs) ve FeTeMM
disiplinleri arasindaki iliskiyi dogru kurabildikleri (X1, Xs, Xs, Xo, X21) sonucuna ulasildig
goriilmektedir.

4. SONUC

FeTeMM kavrami iizerine 6gretmen ve dgretmen adaylari iizerine gergeklestirilmis tezlerin meta sentez
yontemiyle analiz edildigi bu ¢alismada bugiine kadar hazirlanmis tezlerin belirli kriterler olusturularak
“tez bashigi, tezin yayinladigi yil, tezin hazirlandigi tiniversite, tezde kullanilan yontem ve sonuglari”
acisindan degerlendirilmesi yapilmigtir. Ayrica calismada, hazirlanan tezlerin genel cergevesi
aragtirmacilarin  bilgisine sunularak bu konuda arastirma yapacak kisilere kilavuzluk etmesi
amaclanmustir.

Caligmanin amaglar1 degerlendirildiginde amaglarin temelde birka¢ noktada toplandigi soylenebilir.
Bunlar; FeTeMM egitiminin ne oldugu, nasil tanimlandigi, nasil algilandigin tespit etmek, FeTeMM
disiplinleri arasindaki iligkinin dogru tanimlanip tanimlanmadigini, FeTeMM uygulama ve
etkinliklerinin 6gretmen Ozyeterliliklerine, 6grenci becerilerine ve dersin anlasilirhigina yonelik
etkilerinin tespit edilmesi oldugu ifade edilebilir.

Yapilan c¢alismalar yontem agisindan degerlendirildiginde dikkat cekici derecede nicel arastirma
yontemlerinden tarama modeline agirlik verildigi goriilmiistiir. Bunun yaninda karma arastirma
yontemini kullanan ¢aligmalarin da 6nemli derecede oldugu ifade edilebilir. Bunlarin disinda goriisme
formu kullanmilarak yapilan calismalarda bulunmaktadir. Bu baglamda bundan sonra yapilacak olan
caligmalarda farkli yontemlerin kullanilmasinin yapilacak arastirmalarda farklilik olugturmasi adina
dikkat edilmesi gereken bir durum oldugu sdylenebilir.

Caligmanin sonuglar1 degerlendirildiginde ise 6gretmen ve 6gretmen adaylarinin genel anlamda;
e FeTeMM kavramimi dogru tanimladiklari,
o FeTeMM disiplinleri arasindaki iliskinin dogru bir sekilde ifade edildigi,
e FeTeMM algilar1 noktasinda seviyenin yiiksek oldugu,

e FeTeMM uygulama ve etkinliklerinin 6gretmenlerin 6z yeterlilikleri, dersi anlatim becerilerini,
ders performanslarii olumlu yonde etkiledigi,
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o FeTeMM etkinliklerinin 6grencilerin ders konusunda daha heyecanli, istekli sekilde katilim
gostermelerine ve aktarilan bilgilerin kaliciligini artirdigr yoniinde sonuglara ulasildigin
sOylebiliriz.

Caligmada analiz edilen 21 tez iizerinden degerlendirme yapacak olursak;

e FeTeMM konusunda 6gretmen ve dgretmen adaylar iizerine yapilan ¢alismalarin sinirli sayida
oldugunu sdylemek miimkiindiir. FeTeMM egitim anlayisiin gelecekte daha da 6nemli bir
noktaya gelecegini diisiindiiglimiizde bu alanla ilgili olarak daha fazla bilimsel ¢aligmanin
yapilmasi gerektigi ifade edebiliriz.
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Ozet

Glinlimiiz diinyasinda iilkelerin, siirdiiriilebilir ekonomik biiylime ve kalkinmayi1 gergeklestirme,
uluslararasi rekabet edebilme giiciine sahip olma, bilim ve teknolojide oncii role sahip olma gibi
belirlemis olduklar1 hedefler, FeTeMM egitim anlayisinin gelismesiyle dogrudan ilgilidir. Bunu
gergeklestirmede en 6nemli roliin egitim alanindaki gelismelere ve dolayisiyla 6gretmenlerin FeTeMM
egitim hakkinda olumlu goriislere sahip olmalarina bagli oldugu yadsinamaz bir gercektir. Bu kapsamda
¢aligmanin amaci fen bilimleri 6gretmenlerinin FeTeMM egitimi hakkinda sahip olduklari diisiince ve
algilarinin tespit edilmesine yoneliktir. Bu baglamda calisma nitel arastirma yontemlerinden
fenomenoloji deseni ile gerceklestirilmistir. Calismanin 6rneklemi Usak 11 Merkez ilcesinde gorev
yapan 17 Fen Bilimleri Ogretmeninden olusmaktadir. Arastirma verileri yar1 yapilandirilmis goriisme
teknigi kullanilarak elde edilmistir. Elde edilen bulgulara gore Fen Bilimleri Ogretmenlerinin
FeTeMM’i kavramsal olarak bildikleri, FeTeMM egitimine kars1 olumlu goriise sahip olduklar1 ancak
icerik olarak tanimlamalari istendiginde FeTeMM’e yonelik alan bilgilerinin yetersiz oldugu sonucuna
ulasilmistir.

Anahtar Kelimeler: FeTeMM algisi, Fen Bilimleri Ogretmenleri, Fenomenoloji Desen
INVESTIGATION OF SCIENCE TEACHERS’ PERCEPTIONS OF SCIENCE

Abstract

In today's world, the goals that countries have set, such as achieving sustainable economic growth and
development, having the power to compete internationally, and having a leading role in science and
technology, are directly related to the development of the understanding of STEM education. It is an
undeniable fact that the most important role in achieving this depends on the developments in the field
of education and therefore on teachers having positive views about STEM education. In this context, the
aim of the study is to determine the thoughts and perceptions of science teachers about STEM education.
In this context, the study was carried out with phenomenology design, one of the qualitative research
methods. The sample of the study consists of 17 Science Teachers working in the Central District of
Usak Province. The research data were obtained using semi-structured interview technique. The research
data were obtained using semi-structured interview technique. According to the findings obtained, it was
concluded that Science Teachers conceptually know STEM and have a positive opinion about STEM
education, but their field knowledge about STEM is insufficient when asked to define it as content.

Keywords: STEM perception, Science Teachers, Phenomenology Design

*Bu galisma Prof. Dr. Liitfullah TURKMEN’in danismanhginda Ayse Nur TAYTAK tarafindan Usak Universitesi
Lisansiistii Egitim Enstitiisiinde yiiriitilmekte olan “Fen Bilimleri Ogretmenlerinin FeTeMM Algilarinin ve
Pedagojik Yaklagimlarmin incelenmesi” adli yiiksek lisans tez konusundan iiretilmistir.

1. GIRIS

Tiim diinya iilkeleri, tarihsel siire¢ icerisinde hep daha iyi kosullar igerisinde bir yagam olusturmay1
hedeflemislerdir. Bu siire¢ igerisinde hedeflerinin gergeklestirilmesi adina iiretim kapasitelerinin
arttirllmasi, iktisadi, mali, sosyal ve kiiltiirel anlamda doniisiimlerin gergeklestirilmesi gerekliligi ortaya
cikmistir. Bu noktada iilkelerin siirdiiriilebilir ekonomik biiylime ve kalkinmayi gerceklestirmek,
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uluslararasi rekabet edebilme giiciine sahip olmak, bilim ve teknolojide 6ncii role sahip olmak gibi
hedefler belirledikleri de goriilmiistiir. Netice itibariyle {ilkelerin belirlemis olduklar1 bu hedefleri
gerceklestirmek adina nitelikli insan giicliniin yetistirilmesini saglayacak cesitli politikalar gelistirmeleri
bir zorunluluk haline gelmistir.

Ayrica 20. yiizyilda ortaya ¢ikan ve 21. yiizyilda da artarak devam eden; iklim degisikligi, su, hava ve
cevre kirliligi, kimyasal kazalar, kiiresel 1sinma, tehlikeli atiklarin imhasi, nesli tiikenen hayvanlar,
enerji kaynaklarinin tiikketilmesi gibi kiiresel sorunlara kars1 ¢oziim iiretebilmek i¢in de nitelikli insan
giicline ihtiya¢ duyulmaktadir (Nadelson vd. 2012). Bu baglamda iilkelerin gereklilik duydugu nitelikli
insan giicline sahip olabilmelerinin saglanabilmesi i¢in en basta mevcut egitim sistemlerinin gézden
gegirilip iyilesmelerin yapilmasi kaginilmaz bir zorunluluk olarak kabul edilmistir.

Her ne kadar egitim siirecini etkileyen bircok faktdr olsa da lilkelerin egitim politikalarinda aldigi
onlemlerden birisi de Fen, Teknoloji, Miihendislik ve Matematik temelli 6grenme (FeTeMM)
anlayisidir (Baran vd., 2015). Bu baglamda egitim siirecinde modern ¢agin gereklerini yakalama gayreti
icerisinde olan {ilkelerin bircogunda egitim politikasina hdkim olan ya da egitim politikasinin
giindeminde olan kavramlardan birisi de FeTeMM oldugu goriilmektedir.

FeTeMM egitimi yaklasimi; Fen, Teknoloji, Miithendislik ve Matematik bilim dallarinin ilk harflerinin
bir araya gelmesiyle olusturulmus disiplinler arasi egitim yaklasimidir. Daha dogru bir ifadeyle
FeTeMM, Fen Teknoloji, Miihendislik ve Fen disiplinlerinin iligkili ve amagl bir sekilde
biitiinlestirilmis halidir (Akgiindiiz, 2019; Unal vd., 2021). FeTeMM egitim yaklasimu ile iilkeler genel
anlamda, Ogrencilerin karsilagtiklar1 problemlere karsi analitik diislinceyle ¢oziim bulabilmelerini
saglamak, etkili iletisim becerilerini kazanmak, girisimcilik ve inovasyon kabiliyeti edinmek, liderlik,
medya ve teknoloji okuryazarlig1 kazandirmak gibi pek ¢ok seyi gerceklestirmeyi amaglamaktadir. Bu
kazanimlarin elde edilmesi neticesinde {ilkeler, sahip olduklar1 beserl sermayenin giiclenmesi
gergeklestirilerek teknoloji yarisinda Onde yer alma hedefini gerceklestirebileceklerdir (Aydin
Glinbatar, 2019; Bybee, 2010; Ring vd., 2017).

Ulkelerin belirledikleri amag ve hedeflere ulasabilmelerini saglayacak en dnemli enstriimanlardan birisi
de yetismis beseri sermayenin giicli ve 21. ylizyil becerilerine sahip olmasindan ge¢mektedir.
Giiniimiizde bu hedeflere uygun egitim modellerinden birisi de FeTeMM egitim yaklagimidir. Bu
baglamda egitim politikalarinin FeTeMM temelli olmasi ve bu siireci yonetebilecek egitim kadrolarinin
olusturulmasi ¢ok modern ¢agin en 6nemli gerekleri arasinda yerini almig bulunmaktadir.

2. CALISMANIN YONTEMI

FeTeMM temelli egitim anlayiginin arzu edilen diizeyde basarili olmasi 6gretmenlerin bu yaklagima
olan bakis agilariyla dogrudan ilgilidir. Bu baglamda fen bilimleri gretmenlerinin FeTeMM egitim
anlayisina kars1 algilarinin tespiti edilmesi amaciyla yapilmis olan bu c¢aligma, nitel arastirma
yontemlerinden fenomenoloji deseni ile gerceklestirilmistir. Fenomenoloji deseni, arastirmalarda
kisilerin arasindaki farkliliklar1 géz oniinde bulundurarak diislincelerinin ve deneyimlerinin 6ziinii
aciklamaya calisan bir yaklasimdir (Marton, 1986). Bu yontemde verilerin elde edildigi kaynak,
aragtirmaya konu edilen olguyu yasayan ve bu olguyu aktarabilecek yetenekteki bireyler ya da
gruplardan olugmaktadir (Yildirim ve Simsek, 2008).

Bu calismada, ¢aligma gurubunu 2023-2024 egitim 6gretim bahar yar1 yilinda Usak il merkezi devlet
orta okullarinda galisan fen bilimleri 6gretmenleri olusturmaktadir. Bu kapsamda 17 fen bilimleri
Ogretmeni ile goriisme yapilmistir.

2.1. Cahisma Verilerinin Elde Edilmesi

Calismada elde edilen veriler 4 adet acik uglu sorunun fen bilimleri 6gretmenlerine yoneltilmesiyle elde
edilmistir. Bu acik uglu sorular 6gretmenlerin FeTeMM egitim yaklagimma karsi sahip olduklar
algilarin tespit edilmesine amaciyla hazirlanmistir. Agik uglu soru yontemiyle elde edilen veriler, bireyin
tecriibe, fikir ve duygularin1 tanimlarken kullandiklar1 tema, isaret ve kelimelerin incelenmesine firsat
vermesi noktasinda olduk¢a dnemlidir (Patton, 2014). Caligmada veri toplama araci olarak kullanilan
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acik uclu sorular Ahmet Ufuk OZDEMIR ve Evren CAPPELLARO tarafindan gelistirilen FeTeMM
egitimi yar1 yapilandirilmis gériisme formundan yararlanilarak olusturulmustur.

2.2. Kodlama Siireci

Calismada toplanan veriler yar1 yapilandirilmis goriisme (miilakat/ interview) teknigi kullanilarak elde
edilmistir. Verilerin elde edilmesinde ¢alisma grubunun en uygun olduklar1 zaman dilimleri dikkate
almarak toplanmigtir. Gorligme sorular1 her bir katilimciya ayni sekilde yoneltilmistir.

Calismanin ilk asamasinda, elde edilen verilerin yazi gegirilmesi, yazilarin dogrulugunun saglanmasi ve
belirlenen temalara gore tablolarin olusturulup yorumlamasi yapilmistir. Calismaya katilan Fen bilimleri
Ogretmenlerinin her biri i¢in yapilan kodlama, O1, O2...017 seklinde gerceklestirilmistir.

2.3. Verilerin Analizi

Caligma kapsaminda analize tabii tuttugumuz fen bilimleri 6gretmenlerinin ifadeleri dogrultusunda,
belirlenmis olan temalara uygun olarak tablolar seklinde okuyucuya sunulmustur. Verilerin bu sekilde
sunulmasi elde edilen verilerin belirli bir diizen igerisinde okuyucuya aktarilmasini amaglamaktadir.

3. BULGULAR
Fen Bilimleri 6gretmenlerinin FeTeMM algilarin1 tespit etmek amaciyla gergeklestirdigimiz bu
caligmada 6gretmenlere 4 adet agik uglu soru yoneltilmistir.
Bu sorular;

1) FeTeMM egitim yaklagimini nasil tanimlarsiniz?

2) FeTeMM denilince akliniza gelen kelimeler nelerdir?

3) FeTeMM uygulama ve etkinlikleri hakkinda ne diisiiniirsiiniiz?

4) FeTeMM temelli egitimde 6gretmenlerde olmasi gereken temel 6zellikler sizce nelerdir?
Seklindedir.

Caligmada yoneltilen her soru ve her soruya verilen cevaplar iizerinden veri seti olusturulmus, bu
verilerin temalar halinde tasnif edilerek tablolastirilmasi yapilmistir. Tablolarin alt kisimlarinda da
gerekli agiklamalar yapilarak elde edilen verilerin okuyucunun bilgisine sunulmasi gergeklestirilmistir.

3.1. Fen Bilimleri Ogretmenlerinin FeTeMM Egitim Yaklasimini Nasil Tanimladiklari ile Tlgili
Goriisler

Tablo 1’den de anlagilacagi iizere fen bilimleri 6gretmenlerinin %42,85’1 FeTeMM egitim yaklagimini
«Fen, teknoloji, miihendislik ve matematik disiplinlerinin birlikte kullanildig1 bir yaklasim» olarak
tanimlarken FeTeMM’1i «giinliik problemlerin ¢oziim kaynag1» olarak gorenlerin agirligt %28,57 olarak
gerceklesmistir.

Ayni zamanda FeTeMM’1i «etkinlik ve uygulamaya dayali bir egitim» olarak gérenlerin agirhg %17,85
olarak gergeklesirken (03, O7, 09,011 ve O17), «Ogrencilerin becerilerini gelistiren bir model» olarak
ifade edenlerin agirligi %10,71 (OS5, O8 ve O10) olarak gergeklesmistir.

Tablo 1: FeTeMM Egitim Yaklagimini Nasil Tanimlarsiniz

TEMA KOD FREKANS | YUZDE
Biitiinciil Bir Fen, teknoloji, matematik ve miithendislik 12 42,85
Yaklasim alanlarinin birlikte kullanildig: bir yaklagim
Etkinlik ve Ogrencilerin dgrenimini zevkli hale déniistiiren 5 17,85
uygulamaya dayali | bir egitim yaklasimu,
bir egitim Ogrencilerin dgrenimlerini kalic1 hale getiren bir

egitim,
Giinliik Giindelik hayatta karsilasilan problemlerin 8 28,57
problemlerin ¢6ziim | ¢6ziimiinii kolaylastiran bir yaklagim
kaynagi
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Ogrencilerin Ogrencilerin elestirel diisiinme kabiliyetini 3 10,71
becerilerini gelistiren bir egitim yaklagimi

gelistiren bir model | Ogrencilerin is birligi ve iletisim becerilerini
artiran bir egitim modeli

Toplam 28 100

3.2. Fen Bilimleri Ogretmenlerinin FeTeMM Denilince Akillarina Gelen Kelimeler

Tablo 2°de, fen bilimleri 6gretmenlerinin FeTeMM denilince akliniza gelen kelimeler nelerdir sorusuna
verdikleri cevaplar yer almaktadir. Buna gére FeTeMM alanlari, Egitim ve Yapis1 Temalaria yonelik
verilen cevaplar kodlanmigtir. Bu baglamda fen bilimleri 6gretmenlerinin verdikleri cevaplara gore en
fazla FeTeMM alanlar1 temasinda fen bilimleri cevabinin, Egitim temasinda biitiinlesik egitim cevabinin
ve FeTeMM yapisi temasinda sistem cevabimin verildigi goriilmektedir. Ogretmenlerden 3’ii ise (O1,
05 ve 012) akillarmna higbir seyin gelmedigini ifade etmislerdir.

Tablo 2: FeTeMM Denilince Akliniza Gelen Kelimeler Nelerdir?

TEMA KOD FREKANS YUZDE
FeTeMM Alanlar: Fen Bilimleri 8 15,7
Teknoloji 4 79
Matematik 3 59
Miihendislik 1 2
Egitim Biitiinlesik Egitim 7 13,7
Egitim 4 79
Teknik Egitim 3 59
Fen Egitimi 5 9,8
Yapisi Sistem 6 11,8
Teknik 5 9,8
Bilgisayar 2 4
Bilgim yok Aklima Gelmiyor 3 59
Toplam 51 100

3.3.Fen Bilimleri Ogretmenlerinin FeTeMM Uygulama ve Etkinlikleri Hakkindaki Diisiinceleri
Tablo 3’te, fen bilimleri 6gretmenlerinin FeTeMM uygulama ve etkinlikleri hakkindaki diistincelerinin
ne oldugu sorusuna verdikleri cevaplar yer almaktadir. Buna gére Eglenceli —Motive Edici-, Beceri
Kazandirma ve Ogretici temalarina yonelik verilen cevaplar kodlanmistir. Bu baglamda fen bilimleri
ogretmenlerinin verdikleri cevaplara gore eglenceli motive edici temasinda sirasiyla; Derslerin eglenceli
hale gelmesi (% 21,4), Eglenerek 6grenmeyi tesvik etmesi (% 11,9) ve Fen derslerini severek
Ogrenilecegini (9,52) ifade ettikleri goriilmektedir.

Beceri kazandirma temasinda; FeTeMM uygulama ve etkinliklerinin Analitik disiinme becerisi
kazandirmasi (% 16,6), inovatif diisiinme becerisi kazandirmasi (% 11,9), Temel miihendislik becerisi
kazandirmasi (% 9,52), problem ¢ézme becerisi kazandirmasi (% 2,38) ve Teknoloji okuryazarligi
kazandirmasi (% 2,38) kodlamasina uygun cevaplarin verildigi goriilmektedir.

Ogretici olma temasinda ise; Konularin daha anlagilir kilinmasina yardimci olmasi (% 14,28),

Ogrencilerin diisiinme giiciine katk1 saglamasi (% 7,14) ve bilgilerin kalic1 hale gelmesini saglayacagi
(% 4,76) yoniinde cevaplarn verildigi goriilmektedir.
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Tablo 3: FeTeMM uygulama ve etkinlikleri hakkinda ne diisiintirstiniiz?

TEMA KOD FREKANS YUZDE
Eglenceli Derslerin eglenceli hale gelmesi 9 21,4
Motive edici Eglenerek 6grenmeyi tesvik etmektedir. 5 11,9
Fen derslerini severek 6grenmek. 4 9,52
Beceri Kazandirma | Analitik diisiinme becerisi kazandirir. 7 16,6
Inovatif diisiinme kazandirr. 5 11,9
Temel mithendislik becerileri kazandirir. 4 9,52
Problem ¢6zme becerileri kazandirir. 1 2,38
Teknoloji okuryazarligi kazandirir. 1 2,38
Ogretici Konularin daha anlasilir kilinmasini saglar. 6 14,28
Ogrencilerin diisiinme giiciine katki saglar 3 7,14
Bilgilerin kalic1 olmasini saglar 2 4,76
Toplam 42 100

3.4.Fen Bilimleri Ogretmenlerinin FeTeMM Temelli Egitimde Ogretmenlerde Olmasi Gereken
Temel Ozellikler Hakkindaki Goriisleri

Tablo 4°te, fen bilimleri 6gretmenlerinin FeTeMM temelli egitimde 6gretmelerde olmasi gereken temel
ozellikler nelerdir sorusuna verdikleri cevaplar yer almaktadir. Buna gore Yetkinlik, Tutum ve Beceri
temalarina yonelik verilen cevaplar kodlanmigtir. Bu baglamda fen bilimleri 6gretmenlerinin verdikleri
cevaplara gore Yetkinlik temasinda sirasiyla; FeTeMM alan bilgisine sahip olma (% 18,40), Teknoloji
kullanimina yatkin olma (% 10,20) ve Bilimsel gelismeleri takip etme (% 4,10) yetkinligine sahip
olunmasi gerektigi ifade edilmistir.

Tutum temasinda; Yeniliklere acik olma (%16,32), isbirligine 6nem verme (%10,20) ve Yeni ve farkli
bakis agilarina sahip olma (%4,10) gibi cevaplarin verildigi goriilmektedir.

Beceri temasinda ise Farkli alanlarda etkin ¢alisma becerisine sahip olma (%12,24), Etkili iletisim
becerilerine sahip olma (%10,20), Bilgiye ulasmada etkili ve yeterli olma (%6,12) ve Sorgulama

becerisine sahip olma (%8,16) seklinde cevaplarin verildigi goriilmektedir.

Tablo 4: FeTeMM temelli egitimde dgretmenlerde olmasi gereken temel 6zellikler sizce nelerdir?

TEMA KOD FREKANS | YUZDE

Yetkinlik FeTeMM alan bilgisine sahip olma 9 18,40
Teknoloji kullanimina yatkin olma 5 10,20
Bilimsel gelismeleri takip etme 2 4,10

Tutum Yeniliklere acik olma 8 16,32
Isbirligine énem verme 5 10,20
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Yeni ve farkli bakis agilarina sahip olma 2 4,10
Beceri Farkli alanlarda etkin ¢alisma becerisine sahip olma 6 12,24
Etkili iletisim becerilerine sahip olma 5 10,20
Bilgiye ulagsmada etkili ve yeterli olma 3 6,12
Sorgulama becerisine sahip olma 4 8,16
Toplam 49 100

4. SONUC

Caligmada Fen Bilimleri 6gretmenlerine FeTeMM egitim yaklagimini nasil tanimlarsiniz? Seklindeki
ilk sorumuza goriigmeye katilan 6gretmenlerden gelen cevaplarin %42,85’1 FeTeMM’i biitiinciil bir
egitim yaklasimi olarak gordiiklerini ifade etmislerdir. Buna gore; 6gretmenlerin biiyiik ¢ogunlugu
FeTeMM egitimini olusturan disiplinlerin birbiriyle olan iligkisini dogru tanimladiklar1 sdylenebilir.
Ayrica ikinci olarak FeTeMM egitim yaklasiminin giinliik problemlerin ¢6ziim kaynagi olarak
algilanmis olmasi da FeTeMM egitimi ile giindelik hayatin i¢ ice oldugu algisinin 6gretmenler nazarinda
yiiksek oldugu soylenebilir.

Fen Bilimleri 6gretmenlerinin FeTeMM egitim anlayisini 3. olarak etkinlik ve uygulamaya dayal1 bir
egitim anlayisi oldugu son olarak da FeTeMM egitim anlayiginin 6grencilerin becerilerinin gelisimine
katki saglayan bir model olarak tanimlandigi goriilmektedir.

Caligmada Fen Bilimleri 6gretmenlerine 2. olarak FeTeMM denilince akliniza gelen kelimeler nelerdir?
Sorusu yoneltilmistir. Buna gore verilen cevaplar analiz edildigine, goriismeye katilan gretmenlerden
gelen cevaplarin ilk ii¢linii; Fen Bilimleri (%15,7) — Biitlinlesik Egitim (%13,7) ve Sistem (%11,8)
kelimeleri olusturmaktadir.

Buna gore; 6gretmenlerin 6nemli bir kisminin, FeTeMM egitimini olusturan disiplinlerin birbiriyle olan
iligkisini dogru tanimladiklari, FeTeMM egitim anlayisinin biitlinlesik bir yapiya sahip oldugu ve
FeTeMM egitim anlayiginin bir egitim sistemi oldugu yoniinde algilarinin énemli diizeyde oldugu
anlasiimaktadir.

Fen bilimleri 6gretmenlerine yoneltilen 3. soruda ise; FeTeMM uygulama ve etkinlikleri hakkindaki
diistincelerinin ne oldugu sorulmustur. Bu soruya verilen cevaplardan en popiileri %21,4 ile derslerin
eglenceli hale gelmesi seklinde olmustur. Bunu %16,6 ile analitik diisiinme becerisi kazandirir cevabi
takip etmis, 3. olarak da %14,28 ile konularin daha anlagilir kilinmasini saglamasi cevabi olmustur.
Fen Bilimleri 6gretmenlerine son olarak FeTeMM temelli egitimde 6gretmelerde olmasi gereken temel
ozellikler nelerdir sorusu yoneltilmistir. Buna gore Yetkinlik, Tutum ve Beceri temalarina yonelik
verilen cevaplar kodlanmistir.

Fen bilimleri 6gretmenlerine yoneltilen bu soruda en yiiksek orandaki ilk i¢ cevap sirasiyla;
* FeTeMM alan bilgisine sahip olma (%18,40)
*  Yeniliklere agik olma (%16,32)
» Farkli alanlarda etkin ¢alisma becerisine sahip olma (%12,24) seklinde olmustur.

Calismanin sonuglar1 degerlendirildiginde ise Fen Bilimleri Ogretmenlerinin genel anlamda;
* FeTeMM kavramini dogru tanimladiklari,

* FeTeMM disiplinleri arasindaki iligkinin dogru bir sekilde ifade edildigi,
* FeTeMM algilar1 noktasinda seviyenin ortanin iistiinde oldugu,

* FeTeMM uygulama ve etkinliklerinin FeTeMM egitim anlayisinda orta diizeyde algiya sahip
oldugu sdylenebilir.
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Oneri olarak;
*  FeTeMM uygulama ve etkinliklerinin FeTeMM icin ne kadar 6nemli olduguna yonelik
Ogretmenlere hizmet ici egitimler verilebilir,

* FeTeMM egitim anlayisinin daha detayli kavranip O6ziimsenebilmesi ic¢in genis katilimli
calistaylarin diizenlenmesini 6nermekteyiz.
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Ozet

Glinlimiizde, yiizey islem proseslerinde fosfat kaplama kullanimi hizla devam etmektedir. Ancak
icerdigi kanserojen maddeler nedeniyle, otomotiv sektorii de dahil olmak {izere cesitli sektorlerde
gelecekte yonetmeliklere uygun olarak kullanimi tamamen ortadan kaldirilacaktir. Ayrica, fosfat
kaplama prosesleri fosfat camuru olusturmakta, bu da banyonun siirekli olarak kontrol altinda tutulmasi
ve diizenli olarak temizlenmesini gerekmektedir. Sonug olarak, bu durum yiiksek enerji ve zaman
kaybina neden olmakta ve biitiin bu faktorler fosfat kaplamaya alternatif bir zorunluluk dogurmaktadir.
Bu ¢alismada, 6zellikle otomotiv sektoriinde yaygin olarak kullanilan kataforez kaplamanin yapisma ve
korozyon direncini artirmak i¢in uygulanan fosfat 6n iglemi yerine, OXILAN AL 0510 nano kimyasali
kullanilarak bir nano 6n iglem uygulanmistir. Deneysel ¢alismalarda, otomotiv sektdriinde ve 6zellikle
elektrikli araglarda hafifligi ve iistiin 6zellikleri nedeniyle kullanim1 giderek artan AA7075 aliiminyum
alasimu altlik olarak kullanilmigtir. Kataforez kaplamali numuneler OXILAN AL 0510 veya iki farkh
siirede uygulanan fosfat 6n iglemi sonrasinda hazirlanmig, kaplama numuneleri ¢evrimsel korozyon
direng testleri (47-01-000/E spesifikasyonuna gore) ve kuru yapisma testleri (DIN EN ISO 2409
spesifikasyonuna gore) ile analiz edilmistir. Cevrimsel korozyon direnci ve kuru yapisma testleri,
sonuglarinin gorsel incelenmesi ile degerlendirilmistir.

Anahtar Kelimeler: Aliiminyum, Kataforez, Nano On-iglem, Korozyon.

THE EFFECT OF NANO PRE-TREATMENT AS AN ALTERNATIVE TO
PHOSPHATE PRE-TREATMENT ON THE ADHESIVE AND CORROSION
RESISTANCE OF CATAPHORESIS-COATED AA7075 ALUMINUM ALLOY

Abstract

Today, the use of phosphate coating in surface treatment processes continues rapidly. However, its use
in various sectors, including the automotive industry, will be completely phased out by the regulations
in the future due to the carcinogenic substances it contains. Additionally, phosphate coating processes
generate phosphate sludge, which requires the bath to be kept under constant control and cleaned
regularly. As a result, this situation causes high energy and time loss, and all these factors necessitate
an alternative to phosphate coating. In this study, instead of phosphate pre-treatment to improve the
adhesion and corrosion resistance of cataphoresis coating, which is widely used especially in the
automotive industry, a nano pre-treatment was applied using OXILAN AL 0510 chemical. In
experimental studies, AA7075 aluminium alloy, which is increasingly utilized in the automotive
industry and especially in electric vehicles, was used as a substrate due to its lightness and superior
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properties. Cataphoresis-coated specimens were prepared after OXILAN AL 0510 or two different
periods of phosphate pre-treatments, and the coated samples were analysed with cyclic corrosion
resistance (according to 47-01-000/E specification) and dry adhesion (according to DIN EN ISO 2409
specification) tests. Cyclic corrosion resistance and dry adhesion tests were evaluated by visual
inspection of the results.

Keywords: Aluminium, Cataphoresis, Nano Pre-treatment, Corrosion.

1. GIRIS

Otomotiv sektoril, diinya genelinde istihdama ve ekonomiye en 6nemli katki saglayan sektdrlerden
biridir. Ayrica, AR-GE’ye harcanan teknoloji ve inovasyon yatirimi agisindan kiiresel olarak en biiytik
ikinci sanayi sektoriidiir (Center For Automotive Research, 2010). Kiiresel olarak tiim sanayi
sektorlerinde yaygin olarak kullanilan aliiminyum alagimlarimin Tiirkiye’de de kullanimi artmaktadir.
Otomotiv sektoriinde, arag agirliklarini azaltmak i¢in aliminyum kullanimi yayginlagsmaktadir. Bununla
birlikte, aliiminyum alagimlarimin diisiik yiizey ozellikleri (ylizey sertligi ve asinma direnci) belirli
alanlardaki uygulamalarin1 sinirlandirmakta, dolayisiyla hizmet émriinii uzatmanin ve gesitli korozif
ortamlara kars1 daha iyi koruma saglamanin 6nemi vurgulanmaktadir. Bu nedenle, bu alagimlarin yiizey
Ozelliklerini gelistirmek icin mevcut koruma siireclerinde iyilestirmelere ve alternatiflerin
gelistirilmesine ihtiyag vardir (Hirsch, 2014).

Son yillarda, kataforez kaplamalar, maliyet etkinligi ve istenen korozyon oOzelliklerini karsilama
kabiliyetleri nedeniyle otomotiv sektoriinde biiyiik ilgi gdrmiistiir. Fosfatlama gibi 6n islem siiregleri,
kaplamanin yiizeye yapigsmasini kolaylastiran ve korozyon direncini artiran kataforez igin
vazgegilmezdir. Bununla birlikte, geleneksel fosfatlama islemi aliiminyum yiizeylerde yeterli miktarda
kristal olugturamamakta, bu da sonraki kataforez kaplamanin yapisma direncini ve korozyon
Ozelliklerini olumsuz yonde etkilemektedir. Bu nedenle, fosfatlama yerine aliiminyum yiizey iglemi i¢in
cevre dostu, zaman kazandiran ve seri liretime uygun nano 6n iglem yontemleri uygulanmaktadir.

Boyama Oncesi ylizey hazirligi, boyanin diizgiin yapigsmasini saglamak icin yag, kaynak kalintilar1 vb.
gibi kirleticilerin giderilmesini igerir. Yiizey islemi koruyucu 6zellikler sunmazken, malzeme ylizeyini
korozyon direncini ve boya yapigsmasini artirmak i¢in ¢ok onemli olan diizgiin boya yapismasi igin
hazirlar. Yiizeyde fosfat kristallerinin olugmasi gerekirken, aliiminyum yiizeylere uygulanan geleneksel
fosfatlama iglemi yeterli miktarda fosfat kristali tiretemez, bu da kataforez kaplamanin yapisma giiciiniin
azalmasina ve korozyon ozelliklerinin olumsuz etkilenmesine neden olur. Ayrica, fosfat camuru ve
enerji maliyetleri nedeniyle, endiistride fosfatlama ©On islemine alternatif yontemler aranmaya
baslanmistir (Kuo, 2012).

Nano yiizey On islem uygulamalar1 fosfat kaplama uygulamalarina kiyasla minimum atikla
sonuglanmaktadir. Bu kaplama tiirii su kullanimini azaltarak, agir metal icerigini ortadan kaldirmaktadir.
Cinko ve demir fosfat banyolarinda oldugu gibi 1sitmaya gerek olmadigindan enerji maliyetleri nemli
Olciide azalmaktadir. Ayrica, atik olusmadigi icin nozullar, filtreler ve 1s1 esanjorleri tikanmamakta,
boylece temizlik siiresi ve bakim maliyetleri azalmaktadir. Nano kaplama igin islem siiresi fosfat
kaplamalara kiyasla daha kisadir.

Bu calismada, kataforez kaplama oncesinde AA7075 aliiminyum alagimi yiizeyine uygulanan nano
ylizey On islemi ve fosfat ylizey 6n isleminin kataforez kaplamalarin kalinlig1, korozyon &zellikleri ve
yapisma mukavemeti lizerindeki etkileri karsilastirilmali olarak incelenmistir.

2. DENEYSEL YONTEM

Bu ¢alismada, otomotiv sektoriinde yaygin olarak kullanilan AA7075 aliiminyum alagimlar: 50x50
boyutlarinda sac plakalar halinde altlik olarak kullanilmis, nano 6n islemi (ticari OXILAN AL 0510)
ve iki farkl siirede (3-6 dk) fosfatlama On islemi sonrasi gergeklestirilen kataforez kaplamalarin
ozellikleri karsilastirilmistir,.  OXILAN AL 0510 ¢ozeltisi ile elde edilen nano tabakasi, 6zellikle
aliminyum alagimlari i¢in boya tutunmasini artiran ideal bir koruma yiizeyi olusturan bir kaplamadir.
Bu kaplamalarda farkli nano igerikler kullanilmaktadir. Caligmada kullanilan OXILAN AL 0510 igerik
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olarak polimerik siloksan re¢inesinden olusmaktadir. OXILAN AL 0510 aliiminyum altlik yiizeyinde
nano tabaka saglayarak kataforez kaplamanin yiizeye fosfatlama 6n isleminden daha iyi tutunmasin
saglamaktadir. Sekil 1’de aliiminyum altlik yiizeyine uygulanan fosfatlama veya nano kaplama 6n-
islemleri ile kataforez kaplama prosediirlerine ait akis semasi verilmigtir. Fosfatlama ve nano kaplama
on islemleri i¢in kaplama parametreleri Tablo 1’de sunulmustur. Nano kaplama prosediiriinde OXILAN
AL 0510 ana banyo i¢in ve ALUKLEEN 2008 AC asindirma banyosu i¢in kullanilmistir. Hazirlanan
deney numunelerine kuru yapisma (DIN EN ISO 2409) ve ¢evrimsel korozyon (47-01-000/E) direng
testleri uygulanmistir. 1 mm aralikta 6 bicakli sisteme sahip Qualtech Capraz Kesme Test Cihazi ile
numunelere ¢apraz kesme iglemi uygulanarak kuru yapisma testine hazirlanmistir (Elcometer Limited
Company 2024; Usta vd. 2024). Cevrimsel korozyon testi sonuglari, Ascott CC1000IP marka cihazda
35 ¢evrim uygulandiktan sonra elde edilmistir. Kaplama 6n islemlerinin etkilerinin karsilastirilmasi igin
Canon EOS 600D fotograf makinesi ile goriintiileri alinmustir.

FOSFAT KATAFOREZ

Sl <APLAVA BV KAPLAMA
KATAFOREZ

—/ S KAPLAMA

Sekil 1: Altlik yiizeyine uygulanan islemlerin akis semasi

Tablo 1: On islem calisma parametreleri

DENEY PARAMETRELERI ‘ Calisma Arah@ Uygulanan
FOSFAT ON IiSLEMI

Calisma sicakligi (°C) 50 - 55 50-55
Toplam asit miktar1 (mL/L) 17-25 22
Hizlandiric1 miktart (mL/L) 1,7-2,8 2

NANO (OXILAN AL 0510) ON ISLEMI
Asmnma Banyosu

Toplam asit miktart (mL) 15
Caligma siiresi (dk.) 55
Ana Banyo

pH 4,2
Calisma sicakligi (°C) Oda sicaklig
Calisma siiresi (dk.) 1

3. SONUCLAR VE TARTISMA

Deneysel ¢aligma sonucunda, fosfat ve nano 6n islemleri sonrasi uygulanan kataforez kaplamanin kuru
yapigsma ve ¢evrimsel korozyon direng testlerine iliskin goriintiiler Sekil 2°de sunulmus ve kaplama
tiirlerinin performans tizerindeki etkileri karsilastirilmistir. Fosfat 6n islemi farkli siirelerde (3 ve 6 dk.)
uygulandiginda, kuru yapisma testlerinde her iki fosfat kaplama siiresinin de uygun sonuglar verdigi
bulunmustur. Ancak, 3 dakikalik fosfat kaplama 6n-islemi uygulamasinin gevrimsel korozyon testi
sonrasi goriintiisii incelendiginde, yiiksek oranda ilerleme ve kaplama ylizeyinde kabarma gdzlenmistir.
Fosfat kaplama 6n igleminde karsilastirilan siire etkisine gore, aliiminyum alagimina 6 dakika uygulanan
fosfatlama isleminin kiigiik 6lgekte basarili olsa da seri tiretimde yiiksek siire nedeniyle aksakliga neden
olarak iiretim verimliligini diisiirecegi agiktir. Diger taraftan 1 dakika nano 6n islemi sonras1 uygulanan
kataforez kaplamanin test sonuglari degerlendirildiginde ise, AA7075 tlizerinde kuru yapisma ve
cevrimsel korozyon testlerinde otomotiv sektdrii i¢in kabul edilebilir ve uygun sonuglar elde edilmistir.
Bu sonuglar, aliiminyum malzemeye uygulanan fosfat 6n igleminin diisiik 6n islem siiresine bagl olarak
gevrimsel korozyon direncini olumsuz yonde etkileyip yapisma performansini diisiirecegini
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gostermektedir. Nano 6n iglemin ise ¢ok daha kisa siirede uygun yapisma ve korozyon direnci sagladigi
sonucuna ulasilmistir.

Kuru Yapisma Cevrimsel Korozyon (840 h)

Fosfat 3 dk.

Sekil 2: Kataforez kaplama dncesinde fosfat kaplama (3-6 dk.) ve Oxilan Al 0510 ile nano kaplama (1 dk) 6n
islemleri sonrasi uygulanan ¢apraz kesim sonrasi ylizey goriintiileri

4. SONUC

Fosfat 6n islem ve nano 6n iglem ile hazirlanan yiizeyler iizerine gerceklestirilen kataforez kaplamalar
basarili bir sekilde tretilmistir. Optimum kaplama siireleri fosfat 6n islemi i¢in 6 dakika ve nano 6n
islemi i¢in ise 1 dakika olarak belirlenmistir. Bu sonuglar, korozyon kaplama 6ncesinde hem 6 dakika
fosfat kaplama siiresinin hem de nano yiizey hazirliklarinin basarili kuru yapisma ve ¢evrimsel korozyon
direng testi sonuglari verdigini gostermektedir. Tim test sonuglart incelendiginde, nano yiizey
hazirhigmin geleneksel fosfat iglemine kiyasla ana endiistriyel miisterilerin belirledigi sartname ve
gereklilikleri kisa siirede karsiladigi goriilmiistiir. Ayrica, nano on islemde oda sicakliginda yapilan
kaplamada yiiksek sicakliklara ¢ikilmasina gerek olmadigindan sanayi sektdriinde dnemli bir enerji
tasarrufu saglanmaktadir. Bahsedilen 1 dakikalik nano kaplama siireci, fosfatlamaya kiyasla 6nemli bir
siire kazanimi saglayarak iiretim verimliligini artirmaktadir. Bunun yan1 sira, fosfat 6n islemi sirasinda
olusan fosfat camurunun kirletici etkisi ile banyonun siirekli kontrolii ve temizligi gereksinimleri, nano
on islemi ile sonlanabilmektedir. Sonug olarak, aliiminyum alagim yiizeyine uygulanan nano 6n iglem,
yapisma mukavemeti, korozyon direnci, iiretim verimliligi ve gevresel etki agisindan son derece olumlu
sonuclar vermektedir. Bu bulgular, nano 6n islemin kataforez kaplama endiistrisinde onemli bir
potansiyele sahip oldugunu gostermektedir.
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Ozet

Bu aragtirmanin amaci ilkokul fen bilimleri dersinin kazanimlari dogrultusunda hazirlanmig
matematiksel modelleme etkinliklerinin ilkokul 4. sinif 6grencilerinin fen bilimleri dersi basarilarina
etkisini belirlemektir. Bu amag dogrultusunda bu arastirmada nicel aragtirma yontemlerinden 6n test son
test kontrol gruplu yar1 deneysel desen kullanilmistir. Calismanin Srneklemini Istanbul’un bir
ilcesindeki bir devlet ilkokulda egitim goren 4.sinif 6grencileri olusturmaktadir. Bu 6rneklemde 25’1
kontrol grubu, 25’1 deney grubu olmak iizere toplamda 50 6grenci yer almistir. Arastirma toplamda 5
hafta slirmiis ve deney grubuyla her hafta 3 saatlik fen dersine ek olarak 2 saatlik matematiksel
modelleme etkinlikleri uygulanmistir. Kontrol grubu ise sadece MEB fen Ogretimi programi
dogrultusunda haftalik 3 saat egitim almistir. Veri toplama arac1 olarak Maddenin Ozellikleri Akademik
Bagar1 Testi (MOABT) kullanilmis ve elde edilen veriler SPSS programiyla analiz edilmistir. Yapilan
analizler sonucunda fen dersinin kazanimlar1 dogrultusunda hazirlanmig matematiksel modelleme
etkinlikleri kullanilarak islenen fen dersinin 6grencilerin fen basarilarin1 anlamli diizeyde yiikselttigi
gOriilmiistiir. Buna karsin sadece MEB fen 6gretim programi dogrultusunda islenen fen dersinin kontrol
grubunun fen bagarisinda anlamli bir artis saglamadig: tespit edilmistir.

Anahtar Kelimeler: Fen Basarisi, Fen Egitimi, Matematiksel Modelleme

THE EFFECT OF MATHEMATICAL MODELING ACTIVITIES PREPARED FOR 4TH
GRADE SCIENCE COURSE ON STUDENTS' SCIENCE ACHIEVEMENT

Abstract

The aim of this study is to determine the effect of mathematical modeling activities prepared in line with
the achievements of primary school science course on the science course achievements of primary
school 4th grade students. For this purpose, in this study, a quasi-experimental design with pre-test, post-
test and control group, which is one of the quantitative research methods, was used. The sample of the
study consists of 4 th grade students studying in a public primary school in a district of Istanbul. A total
of 50 students, 25 of whom were in the control group and 25 in the experimental group, took part in this
sample. The research lasted for a total of 5 weeks and 2 hours of mathematical modeling activities were
applied in addition to 3 hours of science lessons each week with the experimental group. The control
group, on the other hand, received only 3 hours of training per week in line with the MEB science
teaching program. Properties of Matter Academic Achievement Test (OABT) was used as a data
collection tool and the data obtained were analyzed with the SPSS program. As a result of the analyzes,
it was seen that the science lesson, which was taught using mathematical modeling activities prepared
in line with the achievements of the science course, significantly increased the science achievement of
the students. On the other hand, it was determined that the science course taught only in line with the
MEB science curriculum did not provide a significant increase in the science achievement of the control

group.
Keywords: Science Achievement, Science Education, Mathematical Modeling
1. GIRIS
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Fen bilimlerinin matematikle siki ve giiclii bir bagi oldugu ifade edilebilir ve egitim agisindan
bakildiginda 6grencilerin derslerde fen ve matematige dair bilgi ve becerilerini birlikte kullanmalarinin
gerekliligi yapilan birgok calismada vurgulanmistir (Marshall vd., 2007; Baskan, 2011). Ogrenciler fen
bilimlerinden yararlanarak matematige dair soyut kavramlara aciklamalar getirirken matematigi
kullanarak da fen bilimlerinde bulunan derin anlamlar1 algilayabilmekteler (Baskan, 2011). Egitim-
ogretim siirecinde matematikle feni bir araya getirebilecek etkin yontemlerden birisinin matematiksel
modelleme etkinlikleri oldugu ifade edilebilir. Ciinkii 6grenciler matematiksel modelleme sayesinde
giinliik hayatta karsilagilan problem durumlarina ¢6ziim iiretip anlamlar vererek fen ile matematik
arasinda bag kurabilirler (Guerrero-Ortiz ve Mena-Lorca, 2017; Deniz, 2018; Giirbiiz ve Dogan, 2019).

Yapilan bir¢ok caligma fen ile matematik arasinda var olan sinirin modern bilimlerin sahip oldugu
disiplinler arasi ¢alisma yaklagimini barindirmadigini, geleneksel olarak yapilan konu merkezli 6gretim
programina alternatif olacak bi¢cimde fen ile matematik derslerinin birlestirildigi yeni bir &gretim
programinin gelistirilmesi gerekliligini vurgulamigtir (Michelsen, 2006; Bagkan, 2011; Guerrero-Ortiz
ve Mena-Lorca, 2017; Deniz, 2018; Giirbiiz ve Dogan, 2019). S6z konusu disiplinlerin 6gretimi arasinda
var olan boslugu doldurmada fen derslerinde matematiksel modelleme etkinliklerine yer ayrilmasinin
Oonemi oldukea biiyiiktiir (Bagkan, 2011; Giirbiiz ve Dogan, 2019).

Yine yapilan bircok calisma Ogrencilerin matematiksel model olusturma siirecindeki yeterlik
diizeylerinin oldukga diisiik oldugunu gostermektedir (Gatabi ve Abdolahpour, 2013). Bu sebeple egitim
— Ogretim silirecinde matematiksel modelleme etkinliklerine yer verilmesine yonelik diizenlemeler
yapilmasi gerektigi ifade edilebilir.

Matematiksel modelleme hakkindaki ¢aligmalarin tematik ve igerik analizlerinin gergeklestirildigi
bircok calismada fen egitimiyle ilgili calismalarin ¢ok kisitli oldugu goriilmiis ve basta fen egitimi olmak
iizere farkl disiplinlerde matematiksel modelleme etkinliklerinin uygulanmasi gerektigi vurgulanmistir
(Aztekin ve Sener, 2015; Albayrak ve Ciltas 2017; Yildiz ve Yenilmez, 2019; Kog, 2020).

Dolaysiyla bu ¢aligmanin alan yazina katki saglayacagi ve bu arastirma 6zelinde arastirmaci tarafindan
gelistirilen 6zgiin matematiksel modelleme etkinliklerinin kaynak zenginligine katki saglayacagi
diistiniilmektedir.

2. CALISMANIN YONTEMI

Bu arastirmada matematiksel modelleme etkinliklerinin 4.sinif 6grencilerinin fen basarilar {izerindeki
etkileriyle ilgili nicel verilerin elde edilmesi amaciyla yar1 deneysel desen kullanilmistir. Deneysel
arastirmalarda daha once belirlenen bazi bagimsiz degiskenlerin bir bagimli degisken iizerinde yarattig
etkilerin incelendigi arastirma c¢esididir (Biiyiikoztiirk, Kilig-Cakmak, Akgiin, Karadeniz ve Demirel,
2012, s. 195). Yine bu desende birbiriyle belirli degiskinlere gore eslestirilen gruplar kullanilarak yansiz
atama yapilmis olur (Biiyiikoztiirk vd., 2012). Bu sebeple bu arastirma kapsaminda 6n test — son test
eslestirilmis gruplu yar1 deneysel desen kullanilmstir.

2.1. Orneklem

Bu aragtirmanin drneklemi Istanbul ili Avrupa Yakasinda MEB’e bagli resmi bir devlet ilkokulunun
dordiincii sinifinda egitim goren 6grencilerden olugmaktadir. Arastirmanin deney grubunda 25 6grenci
ve kontrol grubunda 25 6grenci olmak iizere toplamda 50 Ogrenci bulunmaktadir. Orneklemin
olusturulmasi siirecinde maliyetin daha az olmasi, ulagilmasi kolay ve daha ¢abuk olmasi nedeniyle
amacl 6rneklem yonteminden yararlanilabilir (Baltaci, 2018).

2.2 Veri Toplama Araci

Bu arastirma kapsaminda matematiksel modelleme etkinliklerinin 6grencilerin fen basarilar1 tizerinde
yarattigl etkiyi tespit etmek amaciyla On test ve son test olarak Giirler ve Akgiin (2023) tarafindan
gelistirilen Maddenin Ozellikleri Akademik Basar1 Testi (MOABT) kullanilmistir. S6z konusu basari
testinin madde giicliigii 0,59, madde ayirt edicilik indeksi 0,45 ve giivenirlik katsayis1 0,81 olarak
hesaplanmstir.
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2.3. Veri Toplama Siireci

Veri toplamak amaciyla 6ncelikle siirecin basinda deney ve kontrol gruplaria 6n test uygulanmistir.
Ardindan kontrol grubu Maddenin 6zellikleri {initesini Fen 6gretimi programi ve yillik plana gore 5
hafta boyunca islemistir. Bu siiregte MEB tarafindan 6grencilere {icretsiz olarak verilmis ders kitabi
kullanilmistir. Deney grubunda ise fen 6gretim programina ek olarak maddenin 6zellikleri iinitesinde
yer alan kazanimlara uygun olarak hazirlanmig 6zgiin matematiksel modelleme etkinlikleri
kullanilmistir. Siire¢ sonunda da her iki gruba son test olarak MOABT uygulanmistr.

2.4. Veri Analizi

Arastirma kapsaminda elde edilen veriler SPSS programi kullanilarak analiz edilmistir. Gruplarin 25’er
kisiden olusmasindan dolay1 veri tiirii se¢imi ardindan normallik analizi yapilmistir (Ozmen &
Karamustafaoglu, 2019). Yine gruplardaki orneklem sayisi 30’un altinda kaldig1 igin Shapiro - Wilk
testi uygulanmistir. S6z konusu testin sonucunda anlamlilik degeri p > .05 olarak tespit edildiginde
verilerin normal dagilim gosterdigi ifade edilir (Ersoz & Ersoz, 2019). Ardindan grup ortalamalari
arasinda anlamli farkin olup olmadigini belirleyebilmek i¢in de bagimsiz 6rneklem t testi uygulanir
belirlenir (Biiyiikoztiirk, 2020). Buna ek olarak iliskili 6rneklemlere ait puan ortalamalar1 arasindaki
farkin anlamlilik diizeylerini tespit etmek ig¢in bagimli 6rneklem t testinden yararlanilir (Biiyiikoztiirk,
2020) Bu nedenle kontrol ve deney gruplarinin grup i¢i puan ortalamalarina dair farki tespit edebilmek
icin bagimli 6rneklem t testinden yararlanilmistir.

3. SONUC

Matematiksel modelleme etkinliklerinin ilkokul dérdiincii sinif 6grencilerinin fen basarilari {izerindeki
etkilerini belirleyebilmek amaciyla on test ve son test olarak uygulanan MOABT e ait verilerin
normallik analizini yapabilmek amaciyla Sahpiro-Wilk testi uygulanmistir. Bu analize dair sonuglar
Tablo 1’de gdsterilmistir.

Tablo 1: Deney ve Kontrol Gruplaria Uygulanan Maddenin Ozellikleri Akademik Basar1 Testi Sonucunda Elde
Edilen Verilerin Normallik Analiz Sonuglar1

Veri Setleri Istatistik sd p
Deney Grubu On Test Verileri 967 25 582
Deney Grubu Son Test Verileri .760 25 .000
Kontrol Grubu On Test Verileri .952 25 279
Kontrol Grubu Son Test Verileri .904 25 .023

Tablo 1’e gore kontrol grubu son test verileri ile deney grubu son test verilerinin p degeri .05 ten kiigiik
oldugundan bu degerlerin ¢arpiklik normal dagilim gostermedigi ifade edilebilir. Bu sebeple s6z konusu
verilerin carpiklik ve basiklik degerleri de analiz edilmistir. Bu analizin sonuglari Tablo 2’de
gosterilmistir.

Tablo 2: Maddenin Ozellikleri Akademik Basar1 Testinden Elde Edilen Verilerin Carpiklik ve Basiklik Analizi

Veri Setleri Carpikhik Basikhik
Deney Grubu On Test Verileri -,004 -,665
Deney Grubu Son Test Verileri -1,716 2,383
Kontrol Grubu On Test Verileri AT2 -,434
Kontrol Grubu Son Test Verileri -,150 -1,529
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Carpiklik ve basiklik degerlerinin analizi sonucunda ulasilan degerlerin +1,5 ile —1,5 arasinda bulunmasi
bu verilerin normal dagilim gosterdigi anlamina gelmektedir (Tabachnick ve Fidell, 2013). Dolayisiyla
tablo 2 incelendiginde deney ve kontrol gruplarinin son testlerine ait sonuglarin normal dagilim
gostermedigi ifade edilebilir.

Deney ve kontrol gruplarmin 6n test sonucunda elde ettikleri puan ortalamalarimi karsilagtirmak ve
analiz etmek amaciyla bagimsiz 6rneklem t-testi kullanilmistir. Test sonucu elde edilen bulgular Tablo
3’te gosterilmistir.
Tablo 3: Deney ve Kontrol Gruplarmin Maddenin Ozellikleri Akademik Basari Testi On Test Puan
Ortalamalariin Analizi

Test Gruplar N x S t sd p
Maddenin
aceen! Deney Grubu 25 1252 4,54
Ogzellikleri

,215 48 ,831
Akademik
Kontrol Grubu 25 12,24 4,65

Basar1 Testi

Tablo 3 incelendiginde p > .05 oldugu goriildiigiinden deney ve kontrol gruplarinin denk gruplar oldugu
ifade edilebilir.

Kontrol grubunun 6n test ve son test puan ortalamalarini karsilagtirmak amaciyla bagimli 6rneklem t-
testi kullanilmasi gerekirken bu gruba ait son test verileri normal dagilim gostermedigi i¢cin Wilcoxon
Isaretli Siralar Testinden yararlanilmistir. Bu testin uygulanmasi sonucunda elde edilen bulgular Tablo
4’te gosterilmistir.

Tablo 4: Kontrol Grubu On Test-Son Test Puan Ortalamalar1 Karsilastirmasi

Olcek Test x N S t p
On Test 12,24 25 4,65
MOABT -1,469 142
Son Test 14,88 25 6,11

Tablo 4’e gore p > .05 oldugundan kontrol grubuna ait 6n test-son test puan ortalamalar1 arasinda anlaml
bir farkin bulunmadig ifade edilebilir.

Deney grubunun 6n test puan ortalamalar1 normal dagilim gosterirken son test puan ortalamalarinin
normal dagilim gostermedigi daha dnce tespit edilmisti. Bu yiizden deney grubunun puan ortalamalarini
karsilastirmak amaciyla Wilcoxon Isaretli Siralar Testinden yararlamilmistir. Bu testin uygulanmasi
sonucunda elde edilen veriler tablo 5’te yer almaktadir.

Tablo 5. Deney Grubu On Test — Son Test Puan Ortalamalar1 Karsilagtirmast

Olgek Test x N S t p
On Test 12,5200 25 454716
MOABT -4,382 .000
Son Test 24,1200 25 3,39509
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Tablo 5’¢ gore p < .05 oldugundan deney grubuna ait On test-son test puan ortalamalarinin
karsilagtirmasinda son test lehine anlamli bir farkin ortaya ¢iktig1 belirlenmistir.

Deney ve kontrol gruplarinin son test puan ortalamalari1 normal dagilim gostermedigi i¢in bu veri tiiriinii
karsilastirmak amactyla Mann — Witney U testi uygulanmistir. Bu testin uygulanmasi sonucu ulasilan

bulgular tablo 6’da sunulmustur.

Tablo 6: Deney ve Kontrol Gruplar1 Son Test Puan Ortalamalar1 Karsilagtirmasi

Grup N S. Ort. S. Toplam U p

MOABT Deney Grubu 25 36,00 900,00
50,000 ,000

Son  Test  kontrol Grubu 25 15,00 375,00

Tablo 6’ya gore p < .05 oldugundan deney ve kontrol gruplarinin son test puan ortalamalar1 arasinda
deney grubu lehine anlamli bir farkin oldugu ortaya ¢ikmustir.

Sonug¢ olarak fen dersinin kazamimlarma uygun olarak hazirlanmis matematiksel modelleme
etkinliklerinin ilkokul doérdiincii sinif 6grencilerinin fen basarisini arttirdigi goriilmektedir. Dolayisiyla
fen derslerinde matematiksel modelleme etkinliklerinin kullanilmasi, fen 6gretim programi igerisinde
modelleme etkinliklerine yer verilmesi ve 6gretmenlerin matematiksel modelleme konusunda bilgi
sahibi olmalari i¢in ¢esitli egitimlerin diizenlenmesi onerilmektedir.
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Ozet

Modern diinyada internet kullanim alanlarinin artistyla dogru orantili artan siber saldirilara karsi gesitli
giivenlik teknolojiler gelistirilmistir. WAF bu teknolojilerin en sik kullanilanlarindan biridir. OWAPS’ta
listelenen siber saldiri tiirlerinden SQL Injection ve XSS saldirilarina karsi 6n planda kullanilan WAF’ 1
saldirilart engellemek i¢in kullandig1 iki yontem vardir. Belirlenen kurallara gore istekleri degerlendirip
olasi saldirilardan korunmayi saglayan yontemi kural tabanli ve gee¢mis saldirilardaki bilgileri
kullanarak benzer saldirilar1 engelleyen yontemi imza tabanli olarak isimlendirilmektedir. Bu
yontemlerle ¢cogu saldirtya karst basarili bir korunma yolu olarak WAF tercih edilmektedir. Fakat bir
kurala takilmayan ve daha once deneyimlenmemis yeni saldiri tiirlerini engellemekte yetersiz
kalabilmektedir. Biz bu g¢alismamizda WAF'in saldirilara karsi etkinligini artirma ve giivenlik
zafiyetlerini en aza indirmeyi amaglamaktayiz. Bu konu kapsaminda yapay zekanin makine 6grenimi
algoritmalarin1 davranigsal analiz veri seti ile birlikte kullanarak davranigsal analiz yonteminin etkisini
inceleyecegiz. Aragtirmamizda HTTP trafigi i¢in 6zel bir kurum veri seti, davramigsal analiz i¢in NIDS-
v2 veri setini kullandik. Veri setimizi ilk agamada imza tabanli yapi ile derin 6grenme algoritmalarindan
MLP, ANN, CNN ve denetimli 6grenme algoritmalarindan Gradient Boosting Model, Decision Tree
Classifier kullandigimiz hibrit bir yap1 olusturarak degerlendirdik. Ikinci asamada veri setimize
davranigsal analiz verileri ekleyerek ayni hibrit yapiyla yeniden degerlendirmeye aldigimizda saldirilar
tespitteki basar1 oran1 6nemsenecek bir diizeyde arttigini gozlemledik. Bu makalemizde kullandigimiz
yapiy1, degerlendirmelerimizi ve elde ettigimiz sonuclar1 detayl bir sekilde aciklayacagiz.

Anahtar Kelimeler: WAF, SQL Injection, XSS, Makine Ogrenimi, Derin Ogrenme, Denetimli

Ogrenme, Davranigsal Analiz, Hibrit Model

Abstract

Various security technologies have been developed against cyber attacks, which increase in direct
proportion to the increase in internet usage areas in the modern world. WAF is one of the most frequently
used of these technologies. There are two methods used by WAF to prevent attacks, such as SQL
Injection and XSS attacks, which are among the types of cyber attacks listed in OWAPS. The method
that evaluates requests according to specified rules and provides protection from possible attacks is
called rule-based, and the method that prevents similar attacks by using information from past attacks is
called signature-based. With these methods, WAF is preferred as a successful way to protect against
most attacks. However, it may be insufficient to prevent new attack types that do not follow any rules
and have not been experienced before. In this study, we aim to increase the effectiveness of WAF against
attacks and minimize security vulnerabilities. Within the scope of this topic, we will examine the effect
of the behavioral analysis method by using machine learning algorithms of artificial intelligence together
with the behavioral analysis data set. In our research, we used a custom enterprise dataset for HTTP
traffic and the NIDS-v2 dataset for behavioral analysis. In the first stage, we evaluated our data set by
creating a hybrid structure in which we used a signature-based structure, deep learning algorithms MLP,
ANN, CNN and supervised learning algorithms Gradient Boosting Model and Decision Tree Classifier.
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In the second stage, when we added behavioral analysis data to our data set and re-evaluated it with the
same hybrid structure, we observed that the success rate in detecting attacks increased to a significant
level. In this article, we will explain in detail the structure we used, our evaluations and the results we
obtained.

Keywords: WAF, SQL Injection, XSS, Machine Learning, Deep Learning, Supervised Learning,
Behavioral Analysis, Hybrid Model

1. GIRIS

Internet olaganiistii bir hizda hayatin gesitli alanlarina dahil olmustur. Internet World Stats verilerine
gore 2022 yilmin ilk ¢eyregindeki internet kullanicilar1 sayist ikinci ¢eyrekte 300 milyon civarinda
artmistir  (Internet World Stats,2022). internet hayatin her alaninda kullanilmakta ve hayati
kolaylastirmaktadir. Bu durum insanlar tarafindan biiyiik oranda memnuniyetle karsilanmaktadir. Artik
insanlar internet sayesinde ¢ogu isini daha az enerji, zaman ve para harcayarak yapabilmektedir. Bu
Kolaylik beraberinde bazi problemleri de beraberinde getirmektedir. Internet hayata dahil olurken birgok
kisisel bilgi de sanal diinyada paylasilmaktadir. Bu bilgi paylasiminin artisi sug alanlarinda yeni bir alani
dogurmustur. Siber suglar ad1 altinda incelenen bu alanda internet uygulamalarindaki giivenlik agiklart,
kisisel bilgilerin agiga ¢ikmasina, insanlarin maddi ve manevi zarara ugramasina yol agmaktadir. Siber
giivenlik alani ise bu saldirilar1 engelleyebilmek, giivenlik agiklarini minimum seviyeye indirmek i¢in
gelistirilmigtir. Bu alanda kullanilan ¢esitli teknolojiler giivenlik agiklarint minimum seviyeye indirmek
icin ¢aligmaktadir. Siber giivenlik icin c¢alisanlar en yiiksek diizeyde koruma saglamak i¢in bu
teknolojileri siirekli gelistirmekte ve saldirganlarin yakaladigi bosluklari en aza indirmek igin
calismaktadir. Siber giivenlik teknolojilerinin en bilinenlerinde biri olan Web Uygulama Giivenlik
Duvar1 (WAF) siber saldirilara kars1 koruma saglayan bir yazilim, donanim biitiiniidiir. Yiiksek oranda
giivenlik saglayan WAF’1n da yetersiz kaldig1 durumlar olabilmektedir. Biz bu ¢alismamizda WAF 1n
etkinligini iist diizeye ¢ikaracak bir analiz yontemi 6nerdik. WAF yazilimini yapay zeka algoritmalari
ile destekleyerek analiz igin bir hibrit yap1 olusturduk. Analiz edilecek veri setine de davranigsal analiz
veri setini katarak saldir1 tespit oraninda bir artis elde etmeyi hedefledik. Boylece saldirilara karsi daha
giivenilir bir koruma saglamay1 amacladik. Makalemizde oncelikle siber giivenlik, web trafigi, siber
saldin tiirleri gibi ¢aligmamizla ilgili genel kavramlardan bahsettik. Buna ek olarak hibrit yapiy
olusturan web giivenlik duvar1 (WAF), makina 6grenimi, derin 6grenme, denetimli 6grenme, konularini
detaylica agikladik. Sonug¢ boliimiimiizde ise hibrit yapiy1 kullanarak 6zel kurum veri seti ile davranigsal
analiz veri setine yaptigimiz analizin sonuglarini degerlendirdik.

2. SIBER GUVENLIK VE YAPAY ZEKA: DIJITAL DUNYAYI KORUMA YOLLARI

Siber giivenlik, siber saldirilara kars1 verilerin, sistemlerin ve aglarin giivenligini saglamay1 hedefleyen,
bu hedef dogrultusunda teknolojiler, yazilimlar ve uygulamalar {ireten bir alandir. Bu alanda sanal
ortamda bulunan kisisel verileri, kisilerin ve kurumlarin hassas bilgilerini korumak birincil amagtir.
Siber giivenlik dijital ortamdaki bilgi kaybin1 ve kotiiye kullanimini engellemekle birlikte kisi ve
kurumlarin itibarini korur. Buna ek olarak yasalara uygun bir teknoloji kullanimina olanak saglar. Maddi
ve manevi zararlar1 engeller. Bu alan giivenlik agiklarini kullanarak yapilan saldirilart tespit etmek,
onlemek ve tekrarlanmasini engellemek amaciyla siirekli olarak gelisen teknolojiler kullanmaktadir.
Gelisen teknolojinin dezavantajlarindan biri olan siber ataklara karsi etkili bir savunma gostermesi i¢in
dinamik bir yapiya sahip olmasi gerekmektedir.

Yapay zeka insan zek@sinin makineler tarafindan taklit edilmesine olanak saglayan bir bilim dahidir.
Yapay zeka ile makineler insan zekasina Ozgii karar verme, dil anlama ve problem ¢6zme gibi
yetenekleri taklit etmektedir. Egitim, finans ve bankacilik, saglik, ulagim gibi bir¢ok alanda yapay zeka
kullanilmaktadir. Modern teknolojinin en 6énemli parcalarindan biri olmustur.

2.1. Siber Giivenlikte Yapay Zekanin Onemi

Yapay zeka bircok alanda oldugu gibi siber giivenlik alaninda da kullanilmaktadir. Son yillarda artan
siber saldirilara kars1 yapay zekanin hizindan yararlanilmaktadir. Yapay zeka sayesinde siber ataklar
daha hizl1 tespit edilebilmekte ve otomatik olarak engellenebilmektedir.

Yapay zekanin siber giivenlikteki temel rolleri birkag baslikla soyle acgiklanabilir:
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Tehdit Tespiti ve Yanit Verme: Yapay zeka verilerde normalden sapma gosterenleri analiz ederek saldiri
tehditlerini tespit eder ve engelleyebilir. Mevcut geleneksel siber glivenlik yontemleri tehdit tiirlerine
gore gelistirilmis belirli kurallara dayanirken yapay zeka bilinmeyen (sifirinci giin) saldirilarini da
O0grenme yetenegi sayesinde tespit edip engelleyebilir.

Davranissal Analiz: Yapay zeka kullanici hareketlerini ve ag baglant1 parametrelerini izleyerek normalin
disindaki hareketleri tespit edebilir.

Otomasyon ve Olgeklenebilirlik: Yapay zeka analiz ve 6nlem alma siireclerini otomatik hale getirebilir
boylece siber giivenlik uzmanlar1 daha kritik saldirilar ve giivenlik dnlemleri lizerine ¢alisabilir.

Zararlt Yazilim ve Phishing Tespiti: Yapay zekd 6grenme yetenegini kullanarak zararli yazilimlarin
davranigsal ozelliklerini tespit edebilir. Bunun yaninda phishing e-postalarini ve web sitelerini tespit
ederek giivenligin saglanmasinda dnemli bir rol oynar.

Siirekli Ogrenme ve Adaptasyon: Siber tehditler gelisen teknoloji ile gitgide karmasiklasmakta ve
geligsmektedir. Yapay zeka sistemleri bu karmasik tehditlere kolaylikla uyum saglayabilir. Yeni verileri
makine programlari sayesinde algilayabilir ve bilinmeyen yeni tehditlere karsi koruma saglayabilir.

3.HTTP (HYPERTEXT TRANSMISSION PROTOCOL)
HTTP, istemci ile web sunucu arasindaki iletigsimi saglayan protokoldiir. HTTP OSI referans modelinde
uygulama katmaninda ¢alismaktadir.

Istemci ile 80 portu iizerinden bir soket olusturulur ve istemci ve web sunucu arasinda TCP baglantist
baglar ve veri aktarimi tamamlandiktan sonra sonlanir. HTTP’nin TCP veri aktarim protokoliinii
kullanmasinin sebebi verinin kaybolmadan gonderiminin tamamlamasi ve paket eksik veya bozuksa
yeniden gondermesidir. HTTP durum bilgisi tutmaz. Bu sayede istemci araliklarla sunucudan ayn1 veriyi
isterse tekrar tekrar gonderebilir.

HTTP bagliklari, istemci ve sunucunun istek ve cevap mesajiyla ilgili ek bilgiler verilmesini
saglamaktadir. HTTP baglig1 biiyiik/kiiciik harfe duyarsiz isimden ve iki nokta st iistenin ardindaki
degerden olusur. Ornek bir HTTP bashig1 asagida bulunmaktadir.

GET ftext.php HTTP/1.0

Host: test.ugurcanbal.com

Method: GET

User-Agent: Mozilla/5.0 (Macintosh; Intel Mac OS X 10.9; rv:50.0)
Accept: text/html

Accept-Language: en-US, e;g=0.9,tr

Cache-control: max-age=0

Accept-Encoding: gzip, deflate

Referer: www.ugurcanbal.com/test

Connection: keep-alive

If-None-Match: "c999¢c6550ba945beh8854fasd9199f722e3a621a"

Upgrade-insecure-request:1

198



\/ . . .
-5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

HTTP metotlari, istemciden sunucu tarafina gonderilen istegin hangi eylem amaciyla oldugunu
belirtmek i¢in kullanilan metotlardir.

e  Get: Sunucudan veri almak i¢in URL i¢inde sorgu metinleri gdnderilir.

e Post: Sunucu iizerinden veri yazdirma isleminde kullanilir. Bu istek gdvde igerisinde gonderilir.
Karakter limiti yoktur. Biiyiik veriler bu metotlar gonderilebilir.

Head: Get metodu ile benzer olup genelde bir verinin varligini sorgulamak i¢in kullanilir.

Put: Bir kaynag giincellemek veya kaynaga veri yliklemek icin kullanilir.

Delete: Sunucu tizerindeki kaynagi silmek i¢in kullanilir.

Connect: Hedefteki kaynak tarafindan tanimlana sunucuya tiinel olusturmak icin kullanilir.
Trace: Loop-back testi gerceklestirmek icin kullanilir,

HTTP durum kodlar1i, HTTP istegine karsilik web sunucu istegi alir ve kendi igerisinde isler. Ardindan
cevabi istemciye dondiiriir. Bu cevapta baslik bilgilerini ve istemci tarafindan istenen veriyi govdeye
ekler. HTTP isteginin basarili olup olmadigimi da anladigimiz durum kodlar1 asagida belirtilmistir.

Bilgilendirici yanitlar (100 ile 199 arasinda)
Bagarili yanitlar (200 ile 299 arasinda)
Yonlendirmeler (300 ile 399 arasinda)
Istemci hatalar1 (400 ile 499 arasinda)
Sunucu hatalar1 (500 ile 599 arasinda)

SQL Enjeksiyon ve XSS saldirilarinin gergeklestirilmesinde HTTP istekleri dnemli rol oynar. Bu tip
saldir tiirleri genellikle HTTP form verileri, URL parametreleri veya gerezler araciligiyla yiiritiiliir. Bu
makalede, HTTP isteklerinin nasil manipiile edilebilecegi ve saldirilarin nasil tespit edilebileceginin
tizerinde durulmaktadir (MDN, 2024).

4.SALDIRI TURLERI

4.1 SQL Enjeksiyon

SQL (Structured Query Language), yapilandirilmig sorgu dili anlamina gelmektedir. Bu dil temel olarak
veri tabani ile iletisim kurmak i¢in kullanilmaktadir. Verilere erisim saglama, veri ekleme ve veri
degistirme gibi islemler i¢in kullanilmaktadir.

Bir kaynaktan verileri silme, degistirme, zararli bir kod eklemek i¢in SQL Enjeksiyon saldirisi
yapilmaktadir. SQL sorgu istege eklenerek veya enjekte edilerek yapilmaktadir.

SQL Enjeksiyon saldirilar farkli yollarla yapilmaktadir. Bunlar kullanic1 girisine bagli, ¢erezlere bagls,
HTTP basliklarina bagl olarak siralanabilir (Kabal,2023).

4.1.1. Klasik SQL Enjeksiyon (Bant i¢i SQLi)
Hata Tabanli SQL Enjeksiyon: Saldirgan, SQL sorgulari ileterek hata mesajlarindan veri tabanindaki
tablo adlar1 ve igerikleri vb. veriler hakkinda bilgi edinebilir.

Ornek: SELECT * FROM kullanicilar WHERE kullaiciadi=="OR '1'='l"
Union Tabanli SQL Enjeksiyon: Union parametresini kullanarak birden fazla SELECT sorgusunu tek
bir HTTP cevabinda birlestirerek istenilen sonuglar: elde edebilir.

Ornek: SELECT ad, eposta FROM kullanicilar WHERE id = 1 UNION ALL SELECT puan, ortalama
cinsiyet FROM sinav

4.1.2. Kor SQL Enjeksiyon (Blind SQLi)

Boolean Koér SQL Enjection: Saldirgan veri tabanina Dogru veya Yanlis sonuglar donmesini saglayan
sorgular gonderir. Bu sekilde veri tabani1 hakkinda bilgi toplayabilir.
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Ornek: SELECT * FROM kullanicilar WHERE kullanicilar = 'admin' AND (SELECT 1 FROM dual
WHERE SUBSTR((SELECT parola FROM kullanicilar WHERE kullaniciadi = 'admin’), 1, 1) = 'a’)

Zaman Tabanli Kér SQL Enjeksiyon: Saldirgan veri tabanina gonderdigi SQL sorgusuna zaman
parametreleri ekleyerek yanit siiresinden Dogru veya Yanlis sonug aldigini anlayabilir (Imperva, t.y.).

Ornek: SELECT * FROM kullanicilar WHERE kullaniciadi= 'admin' AND IF(1=1, sleep(10), false)

4.1.3. Band Dis1 SQL Enjeksiyon (Blind SQLi)

Band Dis1 SQL Enjeksiyon saldirisi ancak web uygulamasinin kullandig1 veri tabani sunucusunda belirli
ozelliklerin etkinlestirilmesi durumunda ger¢eklestirebilir. Bu saldirida saldirganlar veriye ulasmak icin
DNS veya HTTP isteklerinden yararlanir ve web sunucusu ¢ok yavas oldugunda veya Bant i¢i SQLi’nin
olmadiginda gergeklesebilmektedir.

4.1.4. Tiirev SQL Enjeksiyonu (Compound SQL.i)
Saldirganin SQL ile XSS veya CSRF gibi saldiri tiirlerini birlestirerek daha detayli bir saldirt
diizenlemesi olarak tanimlanabilir.

4.2. XSS (Siteler Aras1 Komut Dosyasi1 Calistirma)

XSS, genellikle web uygulamalarini tehdit eden giivenlik agigidir (OWASP,2022). Ko6tli amagh
javascript komutlarinin giivenilir web sitelerine enjekte edildigi bir tiir enjeksiyon saldirisidir. Bir
saldirgan, siipheli durumda olmayan bir kullanici aracigiyla komut dosyast gondermek igin XSS’i
kullanabilir. Kullanici da bunu hi¢ fark etmeden tarayici araciligi ile ¢alistirdiginda erisim sagladigi web
sitesinde kullanilan tiim gerezlere, oturum bilgilerine ve hassas verilere saldirganin erisim saglamasina
sebep olur. Benzer saldirilarda kullanilan farkl tiir de XSS saldirilart vardir. (Of ve Kiligaslan, 2021)

4.2.1. Yansiyan XSS
Bir hata mesajina, arama adresine veya herhangi bir baglant1 adresine enjekte edilen komut blogunun
sunucuya iletilirken tarayici tarafindan yorumlanip islemi yapan kullanici tarayicisina yansitilan

saldindir. Kalici olmayan XSS saldin tiiriidiir. Sadece islemi yapan kullanici etkilenmektedir.
(OWASP,2022)

Ornek: Kullanictya bir baglant1 adresi iletilir. Kullanici bu baglantiya erisim sagladiginda tarayict
tarafindan islenen javascript komutu kullanicinin karsisina uyar1 mesaji ¢ikarir.

http://ornekadres.com/search?query=<script>alert('’XSS Uyarist')</script>

4.2.2. Depolanan XSS

Zararli komut blogunun veri tabanina, web sitesindeki yorum alanina kisaca verinin saklandigi alanlara
enjekte edilmesiyle gerceklesen saldirt tiirtidiir. Bu saldir1 tipinde sadece igslemi yapan degil daha sonra

islemin yapildig1 adrese erisim saglayan tiim kullanicilar etkilenir (OWASP, 2022).

Ornek:Bir kullanic1 asagidaki komutu bir web sitesinin yorum kismina yazar, kaydedilen bu yorumu
farki bir kullanici goriintiilediginde bu komut dosyasi calisir ve karsisina bir uyari mesaji ¢ikar.

<script type="text/javascript">
alert('Bu bir XSS saldirisidir!");
</script>

4.2.3. DOM Tabanh XSS
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Zararli komut bloklarmin araciligi ile DOM ortaminin degistirildigi saldir1 tipidir (OWASP,2022).
Kalict veya gecici etkileri olabilir. DOM, HTML ve XML yapidaki belgelerin hiyerarsik yapisin
gosteren kilavuzdur.

Ornek: Kullanic1 web sitesinde gezinirken bdliim se¢imi yaptiginda adres asagidaki gibi goriinebilir.
Javascript ile oynandiginda bu “bilgisayar” parametresini alip DOM’a ekleyebilir.

http://ornekadres.com/products.html?bolum=bilgisayar
JavaScript kodu bu parametreyi alip DOM'a ekler:
document.getElementByld('BolumBaslik').textContent=decodeURIComponent(window.location.searc

h.split(=)[1]);

5. WEB UYGULAMA GUVENLIK DUVARI (WAF)

Web uygulamasi giivenlik duvari, koti amacgh saldirilara ve zararh trafige karsi koruma saglayan
donanim ve yazilim biitiiniidiir. OWAPS tarafindan belirtilen giivenlik agikliklari ile birlikte internetteki
tehditleri onlemeye yonelik kurallar ve yontemler belirledigimiz yapidir. Web uygulamasindaki
giivenlik a¢igini kapatan bir yap1 degildir ve saldirganin etkisini azaltmaya yonelik calismaktadir. WAF
korumay1 HTTP trafigini izleyerek, filtreleyerek ve engelleyerek saglamaktadir.

5.1. Web Uygulama Giivenlik Duvar1 Yontemleri
Geleneksel web uygulama giivenlik duvarlari iki yontemle ¢aligmaktadir.

5.1.1. imza Tabanh Algilama

Her imza bilinen saldir1 igeriginin karsiligi olan bir desen igerir. WAF istemci istegini ve sunucu
yanitlarini bu imzalarla karsilastirir. Imzalarla ayn1 olan bir desen tespit edilirse WAF’1n davranigina
gore trafigi izler veya engeller. Imza tabanl1 algilamadaki temel avantaj belirli bir saldir1 modeline gére
olusturuldugundan bu saldir1 tipinde etkilidir ve diisiik oranda yanlis pozitife sebep olur. Dezavantaj ise
her gecen giin farkli tiirde saldiri modelleri ¢ikmasindan dolay1 imza tabanli algilama bu saldir
tiirlerinden belirli bir siire caresiz kalabilir. Ayrica olagan disinda yiiksek miktar imzaya sahip olmak
zararsiz trafigin engellenmesine sebep olabileceginden yanlis pozitif oranini yiikseltir (Penta Security,
2020).

5.1.2. Kural Tabanh Algillama

Saldir1 vektorlerinin yapisal 6zelliklerine gore tanimlanmis kurallardan olusturulur. Bu yontemde etkin
bir koruma saglamak i¢in kurallarin siirekli olarak gilincellenmesi ve ilgili servise gore 6zellestirilmesi
gerekmektedir. Yanlis pozitif oraninin diisiik olmasi1 bu 6l¢iitlere baglhdir.

6. DAVRANISSAL ANALIZ

Davranigsal analizi ¢aligmamizda saldirt tespit oranini artirmak i¢in kullandik. Davranigsal analiz, web
kullanicilarinin ve uygulamalarin davraniglarini analiz ederek olagan disi hareketleri ve durumlari tespit
eden bir yontemdir. Kullanici ve sistem hareketlerinin normalini 6grenerek sonrasinda bunlarin diginda
kalan hareketleri normal dis1 olarak tamimlayarak olasi siber giivenlik tehditlerini tespit eder.
Davranissal analizin ag trafigi, kullanici etkilesimleri, veri tabani1 sorgular1 ve sistem ¢agrilar1 gibi
bilesenleri vardir (Moustafa ve digerleri, 2020).

Bu bilesenlerden ag trafigi analizinde gelen ve giden veri paketleri igerik, hedef, kaynak ve zamansal
ozelliklere gore degerlendirilir. Normalin disginda bir yogunlukta olan veri trafigi, belirli hedeflere
yapilan olagan dis1 erisim denemeleri gibi anormal durumlar tespit edilir.

Kullanict etkilesimleri de davranmigsal analizin iginde inceledigimiz bir 0gedir. Bu analizde web
kullanicilarinin sistem ile etkilesimleri, ¢alistirdiklar1 komutlar, girdikleri veriler, ziyaret ettikleri
sayfalar izlenir. Normal kullanic1 davranislari ile karsilastirilarak anormal olanlar tespit edilir. Ornegin
bir kullanici tarafindan yapilan normalden ¢ok sayida oturum agma denemesi ya da bot ile yapilan
ataklarda bir insan tarafindan bir dakikada yapilamayacak kadar ¢cok sayida giris denemesi anormal

kabul edilir.
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Veri tabani sorgular1 6gesinde ise bu defa veri tabanina gonderilen sorgularin yapisi ve igerigi analiz
edilir. Normal sorgular temel alinarak anormal olan sorgular tespit edilir. SQL Injection saldirilarindan
ornek verecek olursak kullanici girdilerindeki karakter dizilerinde beklenmeyen bir farklilik ya da sorgu
yapisindaki ani degisiklikler saldir1 tehdidi olarak tespit edilir (Kim et al., 2021).

Bir diger bilesen olan sistem ¢agrilar1 analizinde isletim sisteminin ¢ekirdegi incelenir. Sistem tarafindan
hangi islemlerin hangi zaman diliminde gergeklestirildigi izlenir. Normal olan sistem cagrilart ile
anormal olanlar karsilastirilir. Mesela bir uygulama tarafindan kritik sistem dosyalarina beklenmedik
bir erisim anormal olarak kabul edilir.

6.1. Makine Ogrenimi ve Davramgsal Analiz

Davranisgsal analiz yontemlerinin makine 6grenimi ile 1$b1r11g1 icinde ¢alistiginda daha etkili sonuclar
elde edebilecegi bu alanda yapilan ¢alismalarla gosterilmistir. Ornegin makine 6grenimi yontemlerinden
denetimli 6grenme, normal ve anormal davraniglarin siniflandirmasini saglayarak ataklari tespit ederken
kullanilabilir (Zhang et al., 2022). Bu tiir makine 6grenimi modellerinin egitimi ve degerlendirilmesi
icin de NF-UQ-NIDS-v2 veri seti ideal bir kaynak olarak kullanilabilmektedir. Bu yaklagimlar birlikte
kullanilarak web uygulamalarini daha giivenli hale getirebilmektedir.

7. MAKINE OGRENIMI

Makine 6grenimi yapay zekanin hayatimiza kattig1 tekniklerden biridir. Makine 6grenimi makinelerin
tecriibelerinden 6grendigi isleyisi karmasik gorevleri gerceklestirmek, olasi tehditleri engellemek ve
gergeklesen saldirilart bertaraf etmek igin otomatik bir sekilde kullanir. Makine 6grenimi siber giivenlik
alaninda kullanildig1 gibi siber saldirilar1 gerceklestirmek i¢in de kullanilir. Siber saldirilarda giivenlik
duvarini agmak i¢in kullanilan bu teknik siber giivenlik alaninda spam, kétii amagli yazilim, izinsiz giris
gibi tespitleriyle saldirilara karsi koruma saglar ve giivenlik duvarinin asilmasini engeller (Shaukat ve
digerleri, 2020).

Makine 6grenimi O6grenme yoOntemlerine gore ii¢ ana kategoriye ayrilir. Bu kategoriler: denetimli
O0grenme, denetimsiz 6grenme, pekistirmeli 6grenmedir. Bu kategoriler problemlere karsi kullandiklari
teknik ve algoritmalara gore farklilik gosterir.

Derin 6grenme adiyla anilan bir diger konu ise yine makine 6greniminin alt dalidir. Derin 6§renme,
makine 6greniminin {i¢ ana kategorisinin her birine dahil edilebilecek yontem ve teknikler igerir.

Arastirmamizi yaparken kullandigimiz analiz yontemlerinden bahsetmek igin oncelikle denetimli
O0grenme ve derin Ogrenmeden kisaca bahsedecegiz. Bu basliklarin altinda ise kullandigimiz
algoritmalar agiklayacagiz.

7.1. Denetimli Ogrenme

Denetimli 6grenme makine 6greniminin ii¢ ana kategorisinden biridir. Yaygin bir sekilde kullanilan
denetimli 6grenme etiketli veri kullanarak model egitimi yapilan bir yontemdir. Bu 6grenmede bir model
girig verilerine karsilik gelen dogru ¢ikis verilerini etiketler ile 6grenir. Bu 6grenme sonrasinda ilk defa
karsilagtigi veriler igin dogru ¢ikis verilerini tahmin etmesi hedeflenir. Denetimli 6grenmenin
siniflandirma ve regresyon olarak iki ana tiiri vardir. Smiflandirmanin amaci girdi verilerini belirli
kategorilere ayirmaktir. Regresyonda ise amag girdi verilerine karsilik gelen sayisal degerleri tahmin
etmektir. Denetimli 6grenmede ¢esitli algoritmalar bulunur. Biz bu makalede, calismamizda
faydalandigimiz karar agaclarn (decision tree) ve gradyan artirma (gradient boosting) algoritmalarina
deginecegiz.

7.1.1. Karar Agaclar: (Decision Tree) Algoritmasi

Karar agaclar1 algoritmasi hem siniflandirma hem de regresyon tiirlerinde kullanilabilen yaygin bir
denetimli 6grenme yontemidir. Tipki ismindeki gibi, olusturdugu model geregi bir agaca benzetilen bu
algoritma veri setini ¢ok kiigiik pargalara bolerek galigir. Modeli kok diigiim, karar diigtimleri ve yaprak
diigiimleri olusturur. Cok biiyiik veri setlerini belirli karar kurallari ile kii¢iik pargalara boler boylece
veriler daha hizli bir sekilde degerlendirilebilir (Ulgen, 2017).
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7.1.2. Gradyan Arttiric1 (Gradient Boosting) Algoritmasi

Gradient boosting model de tipki karar agaclar1 gibi hem smiflandirma hem regresyon tiirlerinde
kullanilabilen bir denetimli 6grenme algoritmasidir. Bu model bir topluluk modeli olarak da
tanimlanabilir. Bu algoritma Karar agaclar1 gibi modellerin tek basina kuvvetli olmadigini1 varsayarak
bu zayif modelleri ardisik olarak bir araya getirir. Bir 6nceki modelin hatalarindan yeni bir model
olusturarak ilerleyen model hata en aza inene kadar analize devam eder (Zilyas ve Yilmaz, 2023).

7.2. Derin Ogrenme (Deep Learning)

Derin 6grenme de tipki denetimli, denetimsiz, pekistirmeli 6grenme gibi makine 6greniminin alt dalidir.
Fakat derin 6grenme farkli hedef ve bakis agilarindan gelir. Karmasik desenleri, iligkileri ve oriintiileri
otomatik bir sekilde 6grenebilen derin 6grenme biiyiik veri setlerini isleyebilir. Bu biiyiik veri setleri ve
karmagsik problemler icin, insan beyninin igleyisini modelleyerek bilgiyi edinme ve depolama
yetenegine sahip yapay sinir aglarini kullanir. (Doe, 2020). Derin 6grenmede makine 6greniminin diger
yontemleri de kullanilabilir. Goriintii tanima, dogal dil isleme, ses tanima ve daha bir¢ok alan derin
Ogrenme ile gozle goriiliir bir ilerleme kaydetmistir. Bu gelisimler derin 6grenmeyi, makine 6greniminin
onemli ve etkili bir alt dali haline getirmistir.

Derin 6grenmenin temel bilesenleri arasinda bulunan ve calismamizda kullandigimiz algoritmalar
sunlardir;

7.2.1. ANN (Yapay Sinir Aglarr) Algoritmasi

Bilgi isleme birimlerinden olusan ANN (yapay sinir aglar1), girdileri alarak diger birimlere ¢ikt1 olarak
dagitan bir algoritmadir (Smith, 2021). Karmagik veri kaliplarini1 tanima ve siniflandirma konusunda
oldukga etkili olan ANN’ler, sabit dogrusal olmayan fonksiyonlarin birlesiminden olustugu igin g¢ok
boyutlu ve karmasik veri setlerinde dahi yiiksek bir performansa sahip olur (Johnson & Lee, 2022;
Martinez et al., 2021). Bu performans: sayesinde ag trafiklerindeki olagan disi durumlar1 ve olasi
tehditleri tespit etmekte basar1 gosterebilmektedir.

7.2.2. CNN (Evrisimli Sinir Aglar1) Algoritmasi

Goriintli ve zaman serisi verilerinin islenmesinde yiiksek bir performansa sahip olan CNN (evrigimli
sinir aglar1) bir tir yapay sinir agidir. CNN’ler evrisim (convolution) katmanlari, aktivasyon
fonksiyonlari, havuzlama (pooling) katmanlari, flatten katmanlar1 ve tam baglantili (fully connected)
katmanlardan olusur. Yerel baglantililik ve agirlik paylagimi prensiplerine dayanan CNN’ler modelin
ogrenmesi gereken degisken sayisini azaltarak hesaplama verimliligini artirir. Bu performansi sebebiyle
gorilintli tanima, nesne tespiti, dogal dil isleme, tibbi goriintii analizi gibi cesitli uygulamalarda faaliyet
gosterebilmektedir. Siber glivenlik alaninda da etkisini kanitlayan CNN’ler verilerin uzamsal iliskilerini
ve Ozelliklerini otomatik olarak 6grenebilir. Bdylece ag trafigindeki karmasik yapiy1 ve iligkileri tespit
edebilir. Bunlara ek olarak ag saldirilari, anomali tespiti, kotli amagh yazilimin siniflandirilmasinda da
kullanilmaktadir.

7.2.3. MLP (Cok Katmanh Algilayicilar) Algoritmasi

Giris ve cikis katmanlan arasinda gizli katman iceren ileri beslemeli yapay sinir aglart MLP (¢ok
katmanli algilayicilar) olarak isimlendirilir. MLP’ler insan beyninin ¢alisma prensibine dayanan bir
modeldir ve katmanlar arasinda en az bir gizli katman bulundurur. Her katman ise en az bir néron igerir.
Ve bu noronlarim isleyisi sayesinde karmasik islevleri 6grenebilecek bir yapi olusur. Siniflandirma ve
regresyon gorevlerinde kullanilabilen MLP esnek ve giiclii bir yontem olmasina karsin hesaplama
maliyeti ve asir1 uyum riski gibi dezavantajlar1 da barindirir.

8. MATERYAL VE METOT

Bu calisma kapsaminda kullanilan veri setleri, 6n isleme adimlar1, uygulanan makine 6grenimi ve yapay
sinir aglar1 algoritmalar1 ve degerlendirme metrikleri bu boliimde detaylandirilmistir.

8.1. Veri Setleri
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Bu calismada iki tiir veri seti hibrit bir yapida kullanilmistir.

Birinci olarak, HTTP trafiginin analizi i¢in kurumsal ag iizerinden alinan normal, SQL Enjeksiyon ve
XSS trafiklerini igeren veri setidir.

Tablo 1: Kurum HTTP Veri Seti

Ozellik Aciklama

ip_client score IP adresi tarafindan yapilan zararli isteklere gore belirlenen puandir.
date_time Istek zamanim belirtir.

geo_info Istek yapilan lokasyonu belirtir.

http_class Hangi adrese istek yapildigini belirtir.

ip_client Hangi IP adresinden istek geldigini belirtir.

metod Istegin metodunu belirtir. (GET, POST Vb.)

protocol HTTP veya HTTPS protokoliinii belirtir.

protocol_info HTTP versiyonunu belirtir.

query_str Body igeriginde gecen query kismini belirtir.

Request URL igerigini belirtir.

user_agent Tarayici tiiriinii, versiyonunu ve isletim sistemi bilgilerini igerir.

accept_encoding

Istemcinin hangi igerik kodlamalarini destekledigini belirtir.
(gzip,deflate)

accept Istemcinin hangi medya tiirlerini kabul edecegini belirtir. (text/html)

Cookie Daha 6nceden web sunucu tarafindan istemciye gonderilen gerezleri
belirtir.

referer Gegerli istegin yapildigi sayfanin URL bilgisini igerir.

connection Istemcinin baglant: segenegini belirtir. (keep-alive)

Ikinci olarak, NetFlow tabanl1 format ile gelistirilmis NF-UQ-NIDS-v2 veri seti kullanilmistir. Bu veri
seti ag izinsiz giris tespit sistemleri gelistirmek ve degerlendirmek icin tasarlanmis kapsamli bir veri
setidir. igerisinde birgok saldir tiiriine ait veriler bulunmaktadir. Biz ¢alismamizda SQL Enjeksiyon ve
XSS ile ilgili verileri kullanacagiz (Portmann,2022; Sarhan ve digerleri, 2022).

Tablo 2: NF-UQ-NIDS-v2 Veri Seti

Ozellik Aciklama
PROTOCOL IP protokolii tanimlayici bayt
L7 PROTO Katman 7 protokolii

IN_BYTES, IN_PKTS

Gelen paket ve bayt sayisi

OUT_BYTES, OUT_PKTS

Giden paket ve bayt sayisi

CLIENT_TCP_FLAGS,
SERVER _TCP_FLAGS

Istemci ve sunucu TCP bayraklarinin kiimiilatifi

FLOW DURATION_MILLISECONDS

Milisaniye cinsinden akis siiresi

DURATION_IN, DURATION_OUT

Istemciden Sunucuya akis siiresi (msn)

MIN_TTL, MAX_TTL MIN

MIN, MAX akis TTL

LONGEST_FLOW_PKT,
SHORTEST_FLOW PKT

Akisin en uzun ve en kisa paketi (bayt)

MIN_IP_PKT_LEN, MAX IP_PKT LEN

Gozlemlenen en kiiciik akis IP paketinin uzunlugu

SRC_TO _DST_SECOND_BYTES,
DST TO SRC_SECOND BYTES

Kaynak - Hedef Bayt/sn, Hedef - Kaynak Bayt/sn

RETRANSMITTED_IN_BYTES_IN_PKTS_
OUT BYTES_OUT PKTS

Yeniden iletilen TCP akis paketlerinin sayist

SRC_TO_DST_AVG_THROUGHPUT,
DST TO _SRC_AVG_THROUGHPUT

Kaynaktan hedefe ortalama hiz (bps)
Hedeften kaynaga ortalama hiz (bps)

NUM _PKTS UP_TO x y BYTES

IP boyutu > x ve <=y olan paketler

TCP_WIN_MAX_IN, TCP_WIN_MAX_OUT

Maksimum TCP Penceresi
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8.2. Veri On isleme

Makine 6grenimi ve yapay sinir aglar1 algoritmalarinin performansini etkileyen en 6énemli hususlardan
biri veri setlerinin kullanigli, sade ve belirli bir formatta olmasidir. Aksi takdir de hatali girdi verileri
bizi hatali sonuca gotiirecektir. Bu asamada veri temizleme, veri birlestirme, veri azaltma yontemleri
kullanilarak, veri analize hazir hale getirilir (Taskiran,2021).

Veri temizleme: Veri setinden ihtiya¢ duyulmayan degerlerin temizlenmesi, eksik verilerin kaldirilmasi
veya tamamlanmasi olarak agiklanabilir.

Veri birlestirme: Farkli yerlerde bulunan veri setlerinin tek bir yerde toplanmas1 ve anlamli bir veri seti
elde edilmesidir. Biz ¢alismamizda Kurum veri seti ile NF-UQ-NIDS-v2 veri seti birlestirerek analiz
gergeklestirmekteyiz.

Veri azaltma: Tekrar eden verilerinde veri setinden temizlenmesidir (Kaplan,2021).

Caligmamizda ayrica agagidaki iki yontem veri 6n isleme adiminda kullanilmistir.

Terim Frekansi-Ters Dokiiman Frekansi (TF-IDF): Belirli bir veri setindeki kelimelerin goreceli
sikligini, bu kelimelerin tiim veri seti {izerindeki tersine oranina gore belirleyerek calisir.
Caligmamizda query_str, request parametreleri bu yontem ile analiz edilmistir (Vapnik, 2013; Celik ve
Kog, 2020)

N
Wi,j = tfi,jx logd_fl

Bu formiilde;

w;,;:Terim i’nin belge j i¢indeki TF-IDF agirligt

tfi,j:Terim i’nin belge j igindeki terim frekansi (TF)

N:Toplam belge sayisi

df;:Terim i’nin koleksiyondaki belgelerdeki belge frekansi (DF)

Bu formiil, belirli bir terimin belirli bir belgedeki TF-IDF agirligin1 hesaplamak i¢in kullanilir.

Denklem 1: TF-IDF Formili
[1]

Label Encoding: Bu teknik kategorik verileri alfabetik olarak siralamaktadir. Calismamizda metod,
accept, accept_encoding, connection vb. alanlar bu yontem ile analiz edilmistir. (Sahinaslan ve
digerleri, 2023)

8.3. Deneysel Ortam

Python 3.10.1 iizerinde Tensorflow 2.15.0, Keras 2.15.0 kullanilarak Gradient Boosting,
DecisionTreeClassifier, MPL, ANN, CNN algoritmalariyla analiz yapilmistir. Bu analiz 6ncelikli olarak
Kurum veri setinde ardindan da davranigsal analiz kapsaminda Kurum veri seti ve NF-UQ-NIDS-v2
veri setiyle birlestirilen veri setinde yapilmistir. Ayrica performans olglimleri yapilarak sonuglar
paylasilmigtir.

8.4. Performans Olciimleri
Bu ¢alismadan asagidaki performans dl¢limleri kullanilmugtir.
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o True Positive (Gergek Pozitif): Dogru sekilde pozitif olarak siniflandirma trafik
o True Negative (Gergek Negatif): Dogru sekilde negatif olarak siniflandirma trafik
o False Positive (Yanlig Pozitif): Yanlis sekilde pozitif olarak siniflandirma trafik

o False Negative (Yanlis Negatif): Yanlis sekilde negatif olarak siniflandirma trafik

Dogruluk (Accuracy) hesaplanmasi i¢in denklem 2’deki formiil kullanilmistir.

TP+TN

TP+FP+FN+TN
Denklem 2: Dogruluk (Accuracy)

Accuracy =

[2]
Kesinlik (Precision) hesaplanmasi i¢in denklem 3’teki formiil kullanilmistir.

TP

TP + FP
Denklem 3: Kesinlik (Precision)

Precision =

3]
Animsamanin (Recall) hesaplanmasi i¢in denklem 4°deki formiil kullanilmustir.

TP

TP +FN
Denklem 4: Animsama (Recall)

Recall =

[4]
F1 degerinin (F1-Score) hesaplanmasi i¢in denklem 5°teki formiil kullanilmistir.

Precision = Recall

F1 score = 2 *
Precision + Recall

Denklem 5: F1 Degeri (F1-Score)
[5]

9. CALISMA BULGULARI

Denetimli 6grenme ve derin 6grenme algoritmalarii dahil ederek http trafiginin zararli olup
olmadiginin tespitini yaptigimiz analizlerde veri setimize de davranigsal analiz veri setini dahil ettik.
Analizleri yaparken ilk asamada 6zel kurum veri setini degerlendirdik. Ikinci asama olarak kurum veri
setine NIDS davranmissal analiz veri setini dahil ederek ayn1 algoritmalari kullanarak yeniden analiz ettik.
Caligmamizdaki analiz sonuglarimizi paylastigimiz asagidaki tablolarda tiim analizleri davranigsal
analiz veri seti eklenmis ve eklenmemis olarak iki boliime ayirdik. Veri setlerini sirasiyla karar agaglari,
gradient boosting, ANN, CNN, MLP algoritmalarin1 kullanarak analiz ettik. Bu analizlerimizin
sonuglarini tablolar halinde paylastik.

Tablo 3: Karar Agaglar1 (Decision Tree) Sonuglari

Davrams Analiz Olmadan Davrams Analizi Ile

Model Dogruluk Oram1 | 0.85852 0.98151
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Kesinlik (Precision) 0.79558 0.98659
Duyarhlik (Recall) 0.95364 0.97516
Fl-score: 0.86746 0.98084

Karar Agaglar1 (Decision Tree) algoritmasi ile yaptigimiz analizde ilk asamada yalnizca 6zel kurum veri
setini kullandik. Ilk analizde F1-score degeri 0.86746 oldu. Veri setimize NIDS davranigsal analiz veri
setini dahil ederek yeniden analiz ettigimizde bu deger 0.98084’e yiikseldi.

Tablo 4: Gradyan Artirma (Gradient Boosting) Algoritmasi Sonuglari

Davrams Analiz Olmadan Davrams Analizi ile
Model Dogruluk Oram1 | 0.85209 0.99035
Kesinlik (Precision) 0.77851 0.98684
Duyarhhik (Recall) 0.97185 0.99337
F1-score: 0.86450 0.99009

Gradyan Artirma (Gradient Boosting) algoritmasi ile yaptigimiz analizde ilk asamada yalnizca 6zel
kurum veri setini kullandik. ilk analizde F1-score degeri 0.864500ldu. Veri setimize NIDS davranissal
analiz veri setini dahil ederek yeniden analiz ettigimizde bu deger 0.99009°e yiikseldi.

Tablo 5: ANN (Yapay Sinir Aglari1) Sonuglari

Davranis Analiz Olmadan Davrams Analizi ile
Model Dogruluk Orami | 0.86012 0.93569
Kesinlik (Precision) 0.79778 0.91194
Duyarhhik (Recall) 0.95364 0.96026
F1-score: 0.86877 0.93548

ANN (Yapay Sinir Aglar1) algoritmasi ile yaptigimiz analizde ilk asamada yalmizca 6zel kurum veri
setini kullandik. Ilk analizde F1-score degeri 0.86877 oldu. Veri setimize NIDS davranissal analiz veri
setini dahil ederek yeniden analiz ettigimizde bu deger 0.93548’¢ yiikseldi.

Tablo 6: CNN (Evrigimli Sinir Aglari) Algoritmast Sonuglari

Davranis Analiz Olmadan Davrams Analizi ile
Model Dogruluk Oram | 0.84967 0.95980
Kesinlik (Precision) 0.79242 0.94108
Duyarhhlik (Recall) 0.93543 0.97847
F1-score: 0.85801 0.95941

CNN (Evrisimli Sinir Aglart) algoritmasi ile yaptigimiz analizde ilk asamada yalnizca 6zel kurum veri
setini kullandik. Tk analizde F1-score degeri 0.85801 oldu. Veri setimize NIDS davranigsal analiz veri
setini dahil ederek yeniden analiz ettigimizde bu deger 0.95941°¢ yiikseldi.

Tablo 7: MPL (Cok Katmanli Algilayicilar) Algoritmasi Sonuglari

Davrams Analiz Olmadan Davrams Analizi ile
Model Dogruluk Oram: | 0.86897 0.95257
Kesinlik (Precision) 0.80413 0.95041
Duyarhhlik (Recall) 0.96523 0.95198
F1-score: 0.87735 0.95119
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MPL (Cok Katmanl1 Algilayicilar) algoritmasi ile yaptigimiz analizde ilk asamada yalnizca 6zel kurum
veri setini kullandik. Ilk analizde F1-score degeri 0.87735 oldu. Veri setimize NIDS davranissal analiz
veri setini dahil ederek yeniden analiz ettigimizde bu deger 0.95119’¢ yiikseldi.

Aldigimiz sonuglari karsilastirdigimizda davranissal analiz veri setini dahil ettigimizde http trafiginin
zararli olup olmadigini tespit etmede daha yliksek basari elde edildigini gordiik.

10. SONUC VE ONERILER

Teknolojinin hizli ilerleyisiyle birlikte hizla artan ve karmasiklasan siber saldirilara karsi her an
yenilenen ve gelisen dinamik siber giivenlik yontemlerine ihtiya¢ vardir. Saldirilar1 tespit etmenin ve
engellemenin ¢esitli yontemleri olmakla birlikte her an degisen saldir1 ¢esitlerine ve yogunluguna
hazirlikli olmak gerekir. Bu kapsamda ¢alismamizda biz mevcut yontemlerimizle saldir1 tespitindeki
basar1 oranini artiracak bir yontem arayisinda olduk. Ana hedefimiz siber saldirilara karst bir koruma
gorevi Ustlenen web uygulama giivenlik duvarini makine 6grenimi algoritmalariyla destekleyerek bir
hibrit yap1 olusturmak ve bu hibrit yapiyla analiz yaparken saldiri tespitinde bizi daha yiliksek bir
basariya ulastiracagina inandigimiz davranigsal analiz yonteminden de faydalanarak siber saldirilara
kars1 giivenligi olabildigince artirmakti. Bu hedefimiz icin dncelikle zararli trafikler igeren 6zel bir
kurum veri setini belirttigimiz algoritmalar ile analiz ettik. Ikinci asamada aym veri setine bu kez
davranissal analiz veri setini dahil ettik. Davranigsal analiz normal kullanici ile atak yapan kullanici ya
da sistemin farkini ortaya koyarak normal bir kullanicinin yapmayacagi ya da yapamayacagi islemlerin
saldir1 olarak tespit edilmesinde etkili oldu. Boylece davranigsal analiz veri seti i¢eren analiz 6ncekine
gore daha bagarili oldu.

Davranigsal analizin siber giivenlik alaninda etkili bir sekilde kullanilabilecek 6nemli bir yontem
olduguna inaniyoruz. Yaptigimiz ¢aligma siber giivenlik alaninda yapilacak ¢aligmalar i¢in bir ¢erceve
sunabilir. Gelecekte yapilacak arastirmalar davranigsal analiz yontemi i¢in daha kapsamli ve detayl
calismalar yaparak kullanim alanlarini genisletebilir. Ornegin, geleneksel web uygulama giivenlik
duvan cihazlarinda legal yollarla yapilan yani zararhi trafik olarak kabul edilmeyen fakat kisi ve
kurumlarin hassas bilgilerini kullanan ve tehdit eden ataklarda, kural tabanli korumalar kullanmaktadir.
Bir kisinin verisini kullanarak bir uygulamaya siirekli giris denemeleri yapilan bir ataga kars1 bir kural
olusturulur. Mesela bu uygulamaya belirli bir siire iginde belli sayida hatali giris denemesi yapildiginda
bu denemelerin yapildigi IP adresi belirli bir siire boyunca engellenir. Fakat bu yontemin koruma
saglamadig1 durumlar da olabilmektedir. Davranigsal analiz yonteminin boyle legal yollarla yapilan
ataklara kars1 korumada etkisi ve yontemi incelenebilir. Siber giivenlik alani, teknoloji ilerlemeleri var
oldukga giincellemeye ihtiyag duyan bir alandir. Bu sebeple siber giivenlik uzmanlar ve
arastirmacilarinin yenilenen ve gelisen ¢alismalar dijital diinya icin kritik Gneme sahiptir.
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Abstract

TiO- based catalysts can produce oxygen active species due to their photoenergy absorption capability.
But high band gap of TiO; can also cause a decrease on the oxidation and reduction activities. This
handicap can be tolerated by adding metal or metaloxides on TiO, or manupulating the lattice and by
modifying the morphology of the support.

In this study boria nanotube-titania photocatalyst was prepared by hydrothermal method. The
morphology of commercial TiO, was converted from spherical to nanotube form with simultaneous
addition of boron. The morphological properties determined by XRD, BET and TEM. The activity of
the catalyst was performed in methanol production reaction and the conversion was found 4,16
umol/gea.h. The calculations were performed based on FTIR data to obtain the amount of methanol. The
settling of elemental boron was also determined by XRD data which the boron participitated in the
titanium dioxide lattice.

Keywords: Boron-Titanium Dioxide, Photocatalysis, Methanol

1. INTRODUCTION

CO; can be transformed into energy-rich and valuable products through the use of semiconductor
photocatalysts, such as titanium dioxide, which can utilize solar energy to carry out the necessary
chemical reactions. This process can be done under ambient conditions, making it a sustainable and
efficient way to produce carbon-based fuels and chemicals without relying on fossil fuels (Carp et al.,
2004).

Efforts to improve the efficiency of CO., photocatalysis are generally limited by the physicochemical
properties of the catalyst and reactor configuration. The optical and electronic properties of TiO can be
modified by the addition of metals such as Cu, Ag, Pd, Rh, or their oxides, as well as non-metals such
as nitrogen and iodine (Ola & Maroto-Valer, 2015). When these metal and non-metal atoms join between
Ti atoms, substitute Ti for its replacement, or form clusters on the surface of TiO,, they can cause
changes in the properties of TiO2 (Sahu & Biswas, 2011). It has been reported that the band structures
and properties of TiO; are shaped by this process.

TiO; is a material commonly used for redox reactions, but its electron-hole recombination process is
slower than desired (Indrakanti et al., 2009). To improve efficiency, it is important to modify the
physicochemical properties of TiO,. This can be done by changing the optical and electronic properties,
such as reducing the band width and increasing the lifetime of photogenerated electrons and holes
through effective charge separation. Modifying the textural properties, such as surface and bulk crystal
structure, particle size, and morphology, can also enhance performance (Colmenares et al., 2009; Malato
et al., 2009; Ola & Maroto-Valer, 2015).

The optical and electrochemical properties of TiO, can be enhanced by the addition of metal and non-
metal ions. Metal or non-metal ions can alter the properties of TiO, and affect the band gap.( Sahu &
Biswas,2011).Doping with non-metals can modify the surface structures of TiO,, increasing its activity
towards visible light (Liu et al., 2010). Some non-metals such as N (Asahi et al., 2001), C (Xue et al.
,2011), S (Ohno et al., 2004; Kondo et al., 2013), and F (Kim et al., 2010) have been used for this purpose.
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For the use of TiO; in CO, photoreduction to become economically feasible, it needs to be readily
available (Chen & Mao., 2007). Water is still the most abundant and cheapest source of hydrogen, which
is the most common reducing agent. Other reducing agents like NHs, pure H» gas, etc. require pre-
treatment (Dhakshinamoorthy et al., 2012). The low solubility of CO; in water (2 g/L) shows that the
reduction of water is thermodynamically preferred over CO; (Indrakanti et al., 2009; Kaneco et al.,
1998).

In this study, a Boron-TiO; catalyst containing amine was synthesized to produce methanol through the
photocatalytic reaction of CO; and H>O. This allowed for the reduction of CO, while obtaining a high-
value product.

2.MATERIAL AND METHOD

Commercial TiO> (ACROS) and elemental B (PAVTEC) had been hydrothermally reacted in 10 M
NaOH solution at 130 °C. After washing with diluted HCI and water the prepared catalyst dried at 105
°C for 24 h. Then the catalyst was calcined at 400 °C for 4 h. Three mL of monomethyl amin solution
(40%) was impregnated to the catalyst. The reaction was performed in a semi-batch quartz bubble
reactor. The medium was excited with UV-C (254 nm) lamp. 100 mg catalyst was put in 30 mL water
and introduced with carbondioxide with a flow rate 100 mL/min for 1 h.

3. CONCLUSION
3.1. Characterization

S
Figure 1: The TEM image of prepared catalyst is given

As seen in Figure 1, although there are spherical forms of TiO», the nanotubes were produced. Total
surface area of the catalyst was also found 18 m?/g. The XRD spectra of the elemental boron and boron
doped TiO, were given in Figure 2.
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Figure 2: XRD spectra of elemental boron and B/TiO;
According to the XRD spectra it can be speculated that boron integrated to the TiO- lattice
3.2. Activity Tests
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Figure 3: FTIR spectra of water and the product of water+CO; reaction on amine impregnated B/nt-TiO;

The C-O bond was determined at 1016 cm™ that shows the formation of CH3sOH. The quantitative
analysis was performed according to (Santos et al., 2023) and the total production of methanol was
found 4,16 umol/geat.h.
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Ozet

Makine &grenmesi teknolojileri, giiniimiizde bircok alanda etkin bir sekilde kullamlmaktadir. Ozellikle
giivenlik ve izleme sistemleri gibi kritik uygulamalarda, geleneksel metotlara gore daha etkili ve
yenilik¢i ¢ozlimler sunma potansiyeline sahiptirler.

Insansiz hava araglarmin (IHA) gelisiminde de makine 6grenmesi etkin bir sekilde kullanilabilmektedir.
IHA lar tarimdan giivenlige, arastirmadan arama kurtarma operasyonlarina kadar genis bir alanda fayda
saglamaktadir. Ancak THA teknolojisinin sundugu avantajlarin yan1 sira gizlilik, giivenlik ve emniyet
konularinda ortaya ¢ikan endiseler, bu teknolojilerin kullanimini karmasiklastirmaktadir.

Bu galisma, insansiz hava araglarinin (IHA) genis kullanim alanlar1 yaninda giivenlik ve gizlilik ile ilgili
endiseleri ele almakta, bu endiseleri ortadan kaldiracak olan modern makine 6grenimi teknolojisini
incelemektedir. IHA larm RF sinyalleri iizerinden tespit edilmesi ve tanimlanmas1 amaciyla gelistirilen
arastirma, bu teknolojilerin nasil daha etkin kullanilabilecegini gostermektedir.

Arastirma kapsaminda, farkli modellerde calisan IHA ’lardan toplanan RF sinyallerini igeren bir veri seti
kullanilmistir. Veri toplama siireci, gesitli model ve markalardaki IHA’larin operasyonlar1 boyunca
gergeklestirilmis olup elde edilen veriler yeni tespit ve tanimlama yontemlerinin gelistirilmesi amaciyla
arastirmacilara sunulmustur.

Radyo frekans sinyallerinin analizi i¢in KNeighborsClassifier, RandomForestClassifier,
DecisionTreeClassifier gibi makine Ogrenimi algoritmalar1 kullamlarak [HA tanimlama basarist
degerlendirilmistir. Bu algoritmalarin sonuglari, modelin performansini ve giivenilirligini 6lgmekte
temel teskil etmektedir.

Caligma makine 6grenimi modellerinin, farkli drone tiplerini ve operasyonel modlarini etkili bir sekilde
tespit edebilecegini gostermistir. Drone teknolojilerinin hizla gelistigi ve genis bir uygulama alam
buldugu gdz 6niine alindiginda bu tiir ¢alismalarin giivenlik, izleme ve navigasyon gibi alanlarda 6nemli
katkilar saglayacagi ongoriilmektedir.

Anahtar Kelimeler: Makine Ogrenimi, Insansiz Hava Araclar1 (IHA), IHA Tespiti, Radyo Frekans
(RF) Sinyalleri, Randomforestclassifier, Kneighborsclassifier, Decisiontreeclassifier

MACHINE LEARNING SOLUTIONS IN UNMANNED AERIAL VEHICLES

Abstract

Machine learning technologies are effectively used in many different fields today, offering more
effective and innovative solutions compared to traditional methods, particularly in critical applications
like security and monitoring systems.

Unmanned aerial vehicles (UAVS) also extensively utilize machine learning in their development.
UAVs are beneficial in a wide range of areas, from agriculture to security, and from research to search
and rescue operations. However, alongside the advantages offered by UAV technology, concerns
regarding privacy, security, and safety complicate the use of these technologies.

This study employs modern machine learning technology to address the concerns related to security and
privacy alongside the broad applications of unmanned aerial vehicles (UAVS). The research, developed
for the detection and identification of UAVs through RF signals, demonstrates how these technologies
can be used more effectively.
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The research utilizes a dataset containing RF signals collected from UAVs of different models. The data
collection process was conducted during operations of various models and brands of UAVS, and the data
obtained has been provided to researchers for the development of new detection and identification
methods.

Machine learning algorithms such as KneighborsClassifier, RandomForestClassifier, and
DecisionTreeClassifier were used to analyze radio frequency signals and evaluate the success of UAV
identification. The results of these algorithms are fundamental in measuring the performance and
reliability of the model.

The study shows that machine learning models can effectively detect different types of drones and
operational modes. Considering the rapid development and wide application of drone technologies, such
studies are expected to make significant contributions in areas like security, monitoring, and navigation.

Keywords: Machine Learning, Unmanned Aerial Vehicles (Uavs), UAV Detection, Radio Frequency
(RF) Signals, Randomforestclassifier, Kneighborsclassifier, Decisiontreeclassifier

1. GIRIiS

Son yillarda insansiz hava araclar1 (IHA'lar), cesitli uygulama alanlari ve yiiksek teknoloji
kapasiteleriyle dikkat ¢ekmektedir. Giivenlikten tarima, aragtirmadan kurtarma operasyonlarina kadar
genis bir yelpazede kullanilan IHA'lar, bu alanlarda énemli katkilar sunmaktadir. Ancak bu ilerlemeler
ayn1 zamanda giivenlik, gizlilik ve emniyet gibi kritik konularda yeni zorluklar1 da beraberinde
getirmektedir. IHA"larin kullanimi arttikga bu sistemlerin izinsiz veya kotii niyetli kullanimlarinin
onlenmesi, verilerin korunmasi ve operasyonel giivenligin saglanmasi daha fazla nem kazanmaktadir.

Bu calisma, IHA'larin radyo frekans (RF) sinyalleri iizerinden tespit edilmesi ve tanimlanmas: iizerine
odaklanmaktadir. RF sinyalleri, IHA'larin kontrol sistemleri ve iletisim aglar1 tarafindan siirekli olarak
yayilmakta olup bu sinyallerin analizi, I[HA'larin dogru bir sekilde tespit edilmesi ve kimliklerinin
belirlenmesi icin kritik 6neme sahiptir. Calisma kapsaminda, bu sinyallerin toplanmasi, islenmesi ve
analizi i¢in g¢esitli makine Ogrenimi algoritmalar1 kullanilmaktadir. Bu algoritmalar arasinda
KNeighborsClassifier, RandomForestClassifier ve DecisionTreeClassifier yer almaktadir; her biri, [HA
tespiti i¢in 6zgilin avantajlar sunmakta ve belirli zorluklar1 agmada farkli yaklagimlar sergilemektedir.

Algoritmalarin performansi, F1 skoru, dogruluk, geri cagirma (recall) ve kesinlik (precision) metrikleri
iizerinden degerlendirilmektedir. Bu metrikler, alinan sonuglarin ne kadar giivenilir oldugunu ve
modelin {HA tamimlama siireglerinde ne kadar basarili oldugunu gostermektedir. Ozellikle yiiksek
dogruluk oranlar1 ve F1 skorlari, bu tekniklerin IHA'lar1 etkili bir sekilde tespit edebildigini ve
tamimlayabildigini belirtmektedir. Bu basari, IHA"larla ilgili giivenlik ve gizlilik endiselerine yonelik
¢oziimlerin gelistirilmesine zemin hazirlamaktadir.

Sonug olarak bu arastirma, IHA teknolojisinin getirdigi giivenlik ve gizlilik endiselerine etkili ¢dziimler
sunmay1 hedeflemektedir. Makine &grenimi algoritmalarimin kullanmimi, IHA tespit ve tamimlama
stireglerini 6nemli dlciide iyilestirebilir ve bu alanda yeni bir donemi baglatabilir. Arastirmanin sonuglari
hem akademik literatiire katkida bulunmakta hem de IHA teknolojilerinin daha giivenli ve verimli bir
sekilde kullanilmasina olanak tanimaktadir. Bu gelismeler, ileri arastirmalara ve daha yenilikgi
cozlimlerin kesfedilmesine yol agacak potansiyel tasimaktadir.

2. MATERYAL VE METOT
Bu ¢aligmada radyo frekans (RF) sinyalleri {izerinden yliksek dogrulukta drone algilama ve tanimlama
yapabilme hedeflenmistir.

Giivenlik, gizlilik, altyap1 korumasi gibi alanlarda drone’larin nasil kullanilabilecegini ortaya koymak
icin drone’lardan alinan radyo frekans (RF) sinyalleriyle olusturulan veri tabani gesitli makine 6grenimi
modelleri ile islenmistir ve Insansiz hava arac1 (IHA) tanimlama siirecleri iyilestirilmeye calisiimustir.
Ayrica ¢alisma kapsaminda, farkli makine dgrenimi modellerinin THA tespit ve tanimlama basarist
karsilagtirilarak en etkili yontem belirlenmeye ¢aligilmistir.
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2.1. Veri Toplama

2.1.1. Veri Kaynaklan

Calismada drone tespit ve tanimlama uygulamalar i¢in laboratuvar ortaminda iiretilmis acik kaynakl
bir veri setini kullanilmaktadir (Allahham et al., 2019). Veri seti olusturulurken Sekil 1’de gortildiigii

gibi Bebop AR ve Phantom gibi yaygin olarak kullanilan drone’lar tercih edilmistir.

Sekil 1: Bebop AR ve Phantom marka drone’lar

Bu drone’larin, belirli operasyonel 6zelliklere ve RF sinyal yayilim kapasitelerine sahip olmasi bu
arastirmada tercih edilmesini saglamistir.

RF sinyalleri ise IHA'larm operasyonel g¢evresinde 6zel olarak kurulan Sekil 2’deki RF alicilart
tarafindan toplanmstir.

Sekil 2: NI USRP-2943R RF receiver (National Instruments, 2019)

2.1.2. Veri Toplama Siirecleri
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Sinyal toplama islemi iHA'larin aktif oldugu ve cevresel etkilesimde bulunduklar: ¢esitli ortamlarda
gergeklestirilmistir. Toplanan veriler IHA'larin farkli ugus modlarina 6zgii RF sinyallerini icermektedir.
Bu modlar:

e Kapal (Off): Drone’un tamamen kapali oldugu, hi¢bir elektronik aktivitenin olmadigt
durumu ifade eder. Bu modda, drone operasyonel degildir.

e Acik (On): Drone’un agik oldugu ancak heniiz ugus moduna gegmemis oldugu durumu
belirtir. Bu durumda, drone enerjilendirilmistir ve muhtemelen bazi temel fonksiyonlari
calistirabilir ancak hareket halinde degildir.

e Bagh (Connected): Drone’un kontrol cihazi veya ugus kontrol sistemi ile aktif bir
baglantisinin oldugu durumu ifade eder. Bu mod, drone’un komut almak {izere hazir oldugunu
ve pilot ile iletisim halinde oldugunu gdsterir.

e Siiziilme (Hovering): Drone’un havada sabit bir yiikseklikte durdugu, ileri veya geri bir
hareket yapmadan belirli bir noktada asil1 kaldig1 ugus modudur.

o Ucus (Flying): Drone’un aktif bir sekilde uctugu, hareket ettigi durumu belirtir. Bu mod,
drone’un belirlenen bir rota lizerinde veya serbestge manevra yaparak ugtugu anlamina gelir.

e Video Kaydi: Drone’un video kaydi yaptig1 moddur. Bu durum, drone’un {izerindeki
kameralarin aktif oldugu ve ¢evresini kaydettigi anlamina gelir.

Tablo1’de goriildiigi izere toplamda 227 adet RF sinyal segmenti olusmustur (Allahham et al., 2019).
Bu segmentler, IHA"larin cesitli operasyonel durumlarinda alinmistir ve her segment, IHA'nin o anki

durumunu yansitan zengin bilgi setleri icermektedir.

Tablo 1: Drone RF Veri Tabaninin Her Drone Tipi igin Ham Orneklerinin ve Segmentlerinin Sayisi

Drone Type Segments Samples Ratio
Bepop 84 1,680 x 10° 37.00%
AR 81 1,620 x 10° 35.68%
Phantom 21 420 x 10° 9.25%
No Drone 41 820 x 10° 18.06%

Toplamda 454 RF sinyal kaydi bulunan veri seti, her bir kaydinda 1 milyon 6rnek barmdirmaktadir.
Ek olarak, veri seti, drone’larin olmadig1 durumlarda toplanan arka plan aktivitelerini de igerir; bu
durum, giiriiltiiniin azaltilmasina ve siniflandirma ile tespit sonuglariin dogrulugunun artirilmasina
katk1 saglar.

Veri setinin dagilimi g6z oniline alindiginda, drone kayitlar toplam veri setinin yaklasik %82'sini
olustururken, kalan %18,06'lik kisim drone i¢cermeyen Orneklerden meydana gelmektedir. Bu "drone
icermeyen" veriler, ¢evresel ve arka plan RF aktivitelerini kapsayarak, sistemin giiriiltiiye karst
dayanikliligin1 6nemli 6l¢ilide artirir. Veri seti, drone’larin tespit edilmesini saglamakla kalmayip, ayni
zamanda kullanilan drone’larin marka ve tipinin simiflandirilmasina olanak tanir. Bu 6zellik, RF
sinyallerinin analiz edilmesiyle farkli drone tipleri ve modlar1 arasindaki ayirt edici dzelliklerin
belirlenmesine imkan verir.

2.2. Makine Ogrenimi Modelleri ve Algoritmalari

Makine 6grenmesi, bilgisayarlarin insan miidahalesi olmadan deneyimlerden 6grenme ve bu bilgileri
kullanarak yeni ve bilinmeyen veriler lizerinde tahminler yapma yetenegi kazanmalarim saglayan bir
yapay zeka alt dalidir. Bu disiplin, 6zellikle bliylik veri setlerinden karmasik desenler ve iliskiler
cikararak bu bilgileri ¢esitli problemleri ¢ézmek igin kullanmaktadir. Temel makine 6grenimi tipleri
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arasinda gozetimli 6grenme, gbzetimsiz 6grenme ve pekistirmeli 6grenme bulunmaktadir (Jordan &
Mitchell, 2015).

e Gozetimli Ogrenme (Supervised Learning): Gozetimli 6grenme, egitim verilerinin her 6rneginin
bir "etiket" veya "hedef" ile birlikte gelmesi gereken bir makine 6grenme tiiriidiir. Model, bu
etiketlenmis verileri kullanarak girdiler ile ¢iktilar arasindaki iliskiyi 6grenir ve bu bilgiyi yeni
verileri tahmin etmek icin kullanir.

e Gozetimsiz Ogrenme (Unsupervised Learning): Gozetimsiz 6grenme, etiketlenmemis veriler
tizerinde ¢alisir. Bu yaklasimda model, verilerdeki gizli yapilar1 veya desenleri kesfetmeye caligir.
Etiket veya sinif bilgisi verilmez; model, veri kiimesindeki iliskileri veya gruplamalar1 kendi bagina
belirlemelidir.

e Pekistirmeli Ogrenme (Reinforcement Learning): Pekistirmeli 6grenme, bir ajanin gevresiyle
etkilesimde bulunarak hangi eylemlerin daha yiiksek &diil getirdigini 6grenmeye calistigi bir
Ogrenme tliriidiir. Ajan, deneme yanilma yoluyla en iyi stratejiyi veya politikay1 gelistirmeye calisir.

Her bir 6grenme tirii, yapay zekanin farkli problemleri ¢ézme bigimlerini ve kullanildiklar1 6zel
uygulama alanlarini yansitarak makine 6grenimi disiplininin zenginligini ve ¢esitliligini ortaya koyar.
[HA'lardan alinan radyo frekans (RF) sinyallerini kullanarak, drone’larin algilanmas1 ve tanimlanmasi
gibi belirli gérevleri yerine getirmeyi amaglayan ¢alismada gozetimli 6grenme yontemi kullanilmustir.

Bu yontemin tercih edilmesinin nedenleri sOyle siralanabilir:
v' Etiketli Veri: RF sinyalleri gibi sensor verileri, belirli etiketlerle (6rnegin drone modlari veya tiirleri
gibi) isaretlenmistir, bu da modelin bu etiketlere gore siniflandirma yapmasini saglar.

v Yiiksek Dogruluk: Gozetimli 6grenme modelleri, egitim verilerine dayanarak yiiksek dogrulukta
tahminlerde bulunabilir, bu da giivenlik gibi hassas uygulamalar i¢in 6nemlidir.

v' Ozellik Miihendisligi: Gozetimli 6grenme, 6zellik mithendisligi ve secimi sayesinde daha karmasik
veri setlerinden 6nemli bilgiler ¢ikarmay1 miimkiin kilar.

Calismamizda gozetimli 6grenme algoritmalarindan KNeighborsClassifier (K-En Yakin Komsu-KNN),
RandomForestClassifier (Rastgele Orman-RF), ve DecisionTreeClassifier (Karar Agaci-CART)
modelleri kullanilmustir.

2.2.1. KNeighborsClassifier (K-En Yakin Komsu-KNN)
Gozetimli 6grenme kategorisinde yer alan ve siniflandirma gorevlerinde kullanilan temel bir yontemdir.
Bu model, bir veri noktasinin hangi kategoriye ait oldugunu belirlemek amaciyla, en yakin 'K'

komsusunu baz alir ve bu komsularin siniflarina gére ¢gogunluk oylama yontemiyle karar verir (Hastie,
Tibshirani, & Friedman, 2009).

KNN algoritmasi, veri setindeki her bir noktayi temsil eden dzellikler arasindaki uzakliklari hesaplamak
igin genellikle Oklid mesafesi kullanir. Algoritma, Sekil 3’te oldugu gibi belirlenen bir 'K' sayist igin,
smiflandirilmak iizere olan noktaya en yakin 'K' komsuyu bulur. Bu komsularin hangi siniflara ait
olduguna bakar ve en sik rastlanan sinifi yeni noktanin sinifi olarak atar. Bu yontem, 6zellikle kiiciik ve
orta 6lgekli veri setleri i¢in etkili ve anlagilmasi kolay bir yontemdir.
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Sekil 3: K-En Yakin Komsu algoritmasinin siniflandirilmasi (Khilar et al., 2022)

s @

KNN, birg¢ok farkli alanda uygulanabilir. Ornekler arasinda finansal sahtekarlik tespiti, hastalik teshisi
ve miisteri segmentasyonu bulunmaktadir. Algoritmanin basarisi, uygun 'K' degerinin secilmesine ve
verilerin dogru bir sekilde normallestirilmesine baglidir.

2.2.2. Random Forest Classifier (Rastgele Orman-RF)
Random Forest Classifier (Rastgele Orman-RF), bir¢ok karar agacinin birlesiminden olusan bir topluluk
Ogrenme algoritmasidir ve siniflandirma ile regresyon gorevlerinde yaygin olarak kullanilir. Bu yontem,
Leo Breiman ve Adele Cutler tarafindan gelistirilmistir ve modelin tahminlerinin dogrulugunu ve
kararliligini artirmak igin tasarlanmistir (Breiman, 2001).

Random Forest, birden fazla karar agaci olusturarak calisir ve her bir agacin tahminini birlestirerek son
karar1 verir. Bu siire¢ su adimlari igerir:

» Bootstrap Aggregating (Bagging): Egitim veri setinden rastgele, tekrarli 6rneklem alma islemi ile
bircok alt kiimeler olusturulur. Her bir alt kiime, bir karar agacinin egitim seti olarak kullanilir.

» Karar Agaci Egitimi: Her bir alt kiime i¢in bir karar agaci bagimsiz olarak egitilir. Agaclarin her
bir diiglimiinde, rastgele segilen 6zellikler alt kiimesi iizerinden en iyi boliinme (split) bulunmaya
caligilir. Bu siireg, agaglarin birbirinden farkli olmasini ve overfitting'i azaltmay1 saglar.

» Tahminlerin Birlestirilmesi: Siniflandirma i¢in, olusturulan tiim agaclarin tahminleri arasinda
cogunluk oyuyla karar verilir; yani en ¢ok tekrarlanan etiket nihai tahmin olarak belirlenir.
Regresyon durumunda ise ¢iktilar ortalamasi almir. Sekil 4’te bu algoritmanin ¢alisma yapisi
goriilmektedir.
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Sekil 4: Rastgele Orman algoritmasinin siniflandirilmasi (Tafrali, 2022)

Random Forest, genis bir uygulama yelpazesine sahiptir. Finans sektoriinde kredi riski
degerlendirmeleri, biyoenformatikte gen ifade siniflandirmalari, e-ticarette miisteri tercih analizleri ve
tipta hastalik teshisi gibi ¢esitli alanlarda etkili bir sekilde kullanilmaktadir.

2.2.3. DecisionTreeClassifier (Karar Agaci-CART)

Decision Tree Classifier (Karar Agaci-CART), hem siniflandirma hem de regresyon problemleri igin
kullanilan gézetimli bir 6grenme algoritmasidir. Bu algoritma, verileri belirli kurallara gore bolerek bir
aga¢ yapist olusturur ve her dal, veriyi daha homojen alt gruplara aymrir. Karar agaci, verilerin

ozelliklerine dayali olarak kararlar alir ve bu kararlar1 hiyerarsik bir yapida organize eder (Quinlan,
1986).

CART algoritmasi, veri setini 6zellik degerlerine gore dallara ayirarak calisir. Her bir i¢ diigiim, bir
ozellik tizerinde bir kosul icerir, her dal ise bu kosulun sonucunu temsil eder. Yaprak diigimler, nihai
smiflar1 veya degerleri igerir. Karar agacinin ¢alisma yapisi su sekildedir:

» Kok Diigiim: Agactaki en iist diigiimdiir ve veri setinin tamamini temsil eder. Kok diigiim, veri
setindeki en iyi bolmeyi saglayan 6zellik {izerine kurulur.

> I¢ Diigiimler: Her i¢ diigiim, veriyi daha homojen alt gruplara ayiran bir bolme kriterine dayanur.
Bu bolme, belirli bir 6zelligin degeri lizerinden yapilir.

> Yaprak Diigiimler: I¢ diigiimlerin béliinemedigi son noktalar olup, simf etiketlerini veya tahmin

degerlerini igerir. Her yaprak diiglim, veri setinin belirli bir boliimiinii temsil eder. Sekil 5’te bu
algoritmanin ¢aligma yapist goriilmektedir.
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Sekil 5: Karar Agaci algoritmasinin siiflandirilmasi (Akca, 2020)

CART algoritmasi, Gini indeksini veya bilgi kazancini (entropy) kullanarak veri setini bolmek i¢in en
iyl ozelligi secer. Gini indeksi, bir diiglimdeki orneklerin saflasma derecesini 6lgcer ve diisiik Gini
indeksi, daha iyi bolmeyi gosterir. Bilgi kazanci ise, bir diigiimdeki bilgi miktarini 6lger ve yiiksek bilgi
kazanci daha iyi bolmeyi temsil eder.

Karar agaglari, kredi riski degerlendirme, miisteri segmentasyonu, tibbi teshis ve karar destek sistemleri
gibi bircok alanda kullanilir. Bu algoritma, 6zellikle karmagik karar siireclerini basit ve anlagilir
kurallara doniistiirmek igin idealdir.

2.3. Degerlendirme Metrikleri

Bu calismada, drone’larin tespiti ve tanimlanmasinda kullanilan makine 6grenimi modellerinin
performansini degerlendirmek i¢in dort temel metrik kullanilmistir. Bunlar:

+ Hatirlama (Recall): Hatirlama, gercek pozitif 6rneklerin ne kadarinin dogru olarak pozitif tahmin
edildigini 6lger. Yani modelin gercekte pozitif olan verileri ne kadar dogru bir sekilde tespit ettigini
gosterir. Bu metrik, ozellikle yanlis negatif sonuglarin maliyetinin yiiksek oldugu durumlarda
onemlidir.

+ Hassasiyet (Precision): Hassasiyet, pozitif olarak tahmin edilen drnekler arasinda gergekten pozitif
olanlarin oranini 6lger. Modelin, pozitif tahminlerinin ne kadar dogru oldugunu gosterir. Bu metrik,
ozellikle yanlis pozitif sonuglarin maliyetinin yliksek oldugu durumlarda kritiktir.

< Dogruluk (Accuracy): Dogruluk, tiim tahminlerin ne kadarinin dogru oldugunu 6l¢er. Modelin
genel performansini gosterir ve dogru tahminlerin oranini belirler. Ancak veri setinde sinif
dengesizligi varsa bu metrik yaniltici olabilir.

¢ F1 Skoru: F1 Skoru, hassasiyet ve hatirlamanin harmonik ortalamasidir ve bu iki metrigin dengeli
bir kombinasyonunu saglar. Bu metrik hem yanlis pozitiflerin hem de yanlis negatiflerin 6nem
tagidig1 durumlarda kullaniglidir. F1 Skoru, modelin genel performansini belirlemek igin ideal bir
Olciittiir.

Bu metrikler, modelin etkinligini ve dogrulugunu 6l¢mek i¢in kritik 6neme sahiptir.
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3. SONUC VE BULGULAR

Bu ¢alismada, IHA'larin radyo frekans (RF) sinyalleri kullanilarak algilanmasi ve tanimlanmasi
amaciyla farkli makine oOgrenimi modellerinin performanslar1 degerlendirildi. Kullanilan
KNeighborsClassifier (KNN), RandomForestClassifier (RF) ve DecisionTreeClassifier (CART)
algoritmalarinin her biri F1 skoru, hatirlama, hassasiyet ve dogruluk metrikleri ile test edilmistir.
Modellerin genel performanslari, drone tespitinde oldukca yiiksek dogruluk oranlarina ulagmis olup,
drone modlarinin ve tiirlerinin simiflandirilmasinda ise daha gesitli sonuglar elde edilmistir.

3.1. Drone Algilama
DRONE ALGILAMA

1
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0,984

F1Score Recall Predision Accuracy

m KNeighborsClassifier{K NN) 0,995 0,989 0,895 0,992
m RandomForestClassifier{RNN) 0,998 0,999 0,998 0,999
m DecisionTreeClassifier{CART) 0,997 0,996 0,897 0,998

Sekil 6: Drone algilama sonuglar1

Sekil 6’da goriildiigii tizere KNN modeli, genel olarak yiiksek performans gostermistir. Tiim metriklerde
elde edilen degerler, modelin drone tespiti ve tanimlamasi konusunda olduk¢a basarili oldugunu
gostermektedir. F1 skoru, hatirlama ve hassasiyet degerlerinin yiiksekligi, modelin dogru pozitif ve
dogru negatif tahminlerinde yiiksek bir dogruluk oranina sahip oldugunu ortaya koymaktadir.

RF modeli de benzer sekilde yiiksek performans sergilemistir. Ozellikle hatirlama ve hassasiyet
degerlerinin tam olmasi, modelin neredeyse tiim pozitif drnekleri dogru sekilde tanimlayabildigini
gostermektedir. Bu, drone tespiti ve tanimlamasi i¢in oldukga giivenilir bir model oldugunu isaret eder.
CART modeli, diger modellerle kiyaslandiginda benzer performans gostermektedir. Tiim metriklerde
elde edilen yiiksek degerler, bu modelin de drone tespiti ve tanmimlamasinda etkili oldugunu
kanitlamaktadir.

3.2. Drone Tanimlama
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DRONE TANIMLAMA
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F1Score Recall Precision Accuracy

m KNeighborsClassifier{KNN) 0,889 0,903 0,885 0,875
® RandomForestClassifier(RNN) 0,817 0,789 0,907 0,848
m DecisionTreeClassifier{CART) 0,803 0,778 0,878 0,834

Sekil 7: Drone tanimlama sonuglari

Sekil 7°de goruldiigii gibi drone marka, model tanimlamasinda KNN modeli, drone tanimlama
gorevinde genel olarak iyi bir performans sergilemistir. Hatirlama degeri 0.90, modelin yiiksek
dogrulukla pozitif 6rnekleri tanimlayabildigini géstermektedir. Hassasiyet ve F1 skoru da yiiksek olup
modelin dogru pozitif oranin1 ve tahmin giiciinii igaret etmektedir. Ancak dogruluk degeri diger
metriklere gore biraz daha diisiiktiir, bu da modelin baz1 yanlis pozitif veya negatif tahminlerde
bulunabilecegini gosterir.

RF modeli, hatirlama metriginde biraz daha diisiik bir performans sergilemistir. Ancak hassasiyet degeri
0.90 ile oldukga yiiksektir, bu da modelin dogru pozitif tahminlerde basarili oldugunu gosterir. F1 skoru
0.81 ve dogruluk degeri 0.84, modelin genel performansinin makul diizeyde oldugunu ancak KNN
modeline gore biraz daha diisiik oldugunu gostermektedir.

CART modeli, diger modellerle kiyaslandiginda benzer bir performans gostermistir. Hatirlama ve
hassasiyet degerleri sirasiyla 0.77 ve 0.87 olup modelin pozitif 6rnekleri tanimlamada makul bir bagariya
sahip oldugunu gosterir. F1 skoru 0.80 ve dogruluk degeri 0.83, modelin genel performansinin diger
modellere gore biraz daha diisiik oldugunu gostermektedir.

3.3. Drone Modu Algilama
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DRONE MODU TANIMLAMA
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F1Score Recall Predsion Accuracy

m KNeighborsClassifier(KNN) 0,361 0,414 0,457 0,458
m RandomForestClassifier{RNN) 0,457 0,476 0,598 0,517
m DecisionTreeClassifier(CART) 0,407 0,427 0,521 0,473

Sekil 8: Drone modu tanimlama sonuglart

Sekil 8’de oldugu gibi drone’larin ¢esitli ugus modlarini (Kapali, Acik, Bagh, Siiziilme, Ugus, Video
Kaydi) tanimlamada KNN modeli, drone modu tanimlama gdrevinde beklenenin altinda bir performans
sergilemistir. Hatirlama degeri 0.41, modelin pozitif drnekleri tanimlamadaki dogrulugunun diisiik
oldugunu gostermektedir. Hassasiyet ve F1 skoru da olduke¢a diisiik olup modelin genel olarak pozitif
ve negatif tahminlerde basarisiz oldugunu isaret etmektedir. Dogruluk degeri ise 0.45 olup modelin
dogru tahmin oranimin diigiik oldugunu gostermektedir.

RF modeli, KNN modeline kiyasla biraz daha iyi bir performans gostermistir. Hatirlama metrigi 0.47
olup modelin pozitif 6rnekleri tanimlamada nispeten daha iyi oldugunu gostermektedir. Hassasiyet
degeri 0.59, modelin dogru pozitif tahminlerde KNN modeline gore daha basarili oldugunu
gostermektedir. F1 skoru 0.45 ve dogruluk degeri 0.51, modelin genel performansinin KNN modeline
gore daha iyi ancak hala diisiik oldugunu isaret etmektedir.

CART modeli, KNN ve RF modellerine kiyasla orta seviyede bir performans gostermistir. Hatirlama
metrigi 0.42 olup modelin pozitif Ornekleri tanimlamadaki dogrulugunun diisiik oldugunu
gostermektedir. Hassasiyet degeri 0.52, modelin dogru pozitif tahminlerde nispeten daha basarili
oldugunu isaret etmektedir. F1 skoru 0.40 ve dogruluk degeri 0.47, modelin genel performansinin diger
iki modelden diisiik oldugunu gostermektedir.

3.4. Sonu¢ Tartisma Uygulama ve lyilestirme Onerileri

Drone tanimlama gérevinde, KNN modeli genel olarak en yiiksek performansi gostermistir. Ozellikle
hatirlama ve F1 skorunda elde edilen yiiksek degerler, modelin dogru pozitif ve negatif tahminlerde
oldukga basarili oldugunu gostermektedir. RF modeli, hassasiyet agisindan en yiiksek degeri elde etmis
olup dogru pozitif tahminlerde basarili oldugunu isaret etmektedir. CART modeli ise genel olarak makul
bir performans sergilemistir ancak diger modellere kiyasla biraz daha diigiik sonuglar elde etmistir.

Bu analiz, drone tanimlama goérevinde makine 6grenimi modellerinin etkinligini ve giivenilirligini
ortaya koymaktadir. KNN modeli, bu goérevde en dengeli ve yliksek performans: sergileyen model
olarak 6ne ¢ikmaktadir. Modellerin performans metrikleri, dogru model se¢imi ve optimizasyonu igin
kritik bilgiler saglamaktadir. Bu bulgular, drone tamimlama gérevlerinde makine 6grenimi modellerinin
optimize edilerek giivenilir bir sekilde kullanilabilecegini gostermektedir.

225



\I/ . .. .
'5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Drone modu tanimlama gorevinde ise tiim modellerin performansi beklentilerin altinda kalmistir. RF
modeli, 6zellikle hassasiyet metriginde diger modellerden daha iyi performans gdstermis olsa da genel
olarak tiim metriklerde elde edilen diisiik degerler, bu modellerin drone modu tanimlamada yetersiz
kaldigim1 gostermektedir. KNN modeli, tiim metriklerde en disiik performansi sergileyen model
olmustur.

Drone tanimlama ve mod tanimlama gibi daha karmagik gorevlerde, modelin genellemesi ve
dogrulugunu artirmak icin derin 6grenme algoritmalar1 veya ansamble modeller gibi yontemler
kullanilabilir.
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EKSENEL BASINC ETKIiSINDEKIi CELIiK T-PROFILLERIN TASARIMI
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Ozet

Cogu zaman I- veya H-kesitli hadde profillerinden kesilerek tiretilen ¢elik T-profiller, pek ¢ok farkli
yapisal tasiyici sistemde ana, yardimci ya da ara baglanti elemani olarak kullanilmaktadir. Bu ¢aligmanin
amaci; c¢elik T-profillerin eksenel basing etkisi altindaki temel sinir durumlarini tanimlayarak, “Celik
Yapilarin Tasarim, Hesap ve Yapim Esaslarina Dair Yonetmelik”in (CYTHYEY) tanimlanan sinir
durumlari, bu tiir elemanlarin tasarim esaslarina nasil dahil ettigini ortaya koymak ve CYTHYEY *deki
tasarim esaslarini kullanarak Tiirkiye’de yaygin sekilde kullanilan HEA profillerden elde edilen yarim
HEA Kesitli T-profillerin farkli boylardaki tasarim basing kuvveti dayanimlarini hesaplayip pratik bir
tasarim tablosunda sunmaktir. Bu amagla ¢alismada ilk olarak, eksenel basing kuvveti etkisi altindaki
T-profillerde gozlenen akma, egilmeli burkulma, egilmeli burulmali burkma ve yerel govde/baglik
burkulmasi sinir durumlari ele alinmig; bu sinir durumlarin CYTHYEY’de tasarima nasil dahil edildigi
irdelenmistir. Ardindan, tipik bir T-profilin CYTHYEY ’ye gore tasarim eksenel basing kuvveti
dayaniminin nasil hesaplanacagi adim adim gosterilmis; benzer hesaplar farkli kesit ve burkulma
boylarina sahip yarim HEA profiller icin tekrarlanarak elde edilen dayanimlar tablolastirilmistir.
Calismada, profil numarasi 500’¢e esit veya daha kii¢iik olan HEA profillerden elde edilen T-profillerin
eksenel basing etkisi altindaki davranislarinin burkulma boyunun nispeten kiigiik oldugu durumlarda
egilmeli burulmali burkulma, orta veya biiyiik oldugu durumlarda ise egilmeli burkulma sinir durumu
tarafindan belirlendigi; profil numarasi 500’den biiyiik olan HEA profillerden elde edilen T-profillerin
ise basing davranislarinda belirleyici olan genel burkulma smir durumunun, burkulma boyundan
bagimsiz olarak, egilmeli-burulmali burkulma oldugu tespit edilmistir.

Anahtar Kelimeler: Celik Yapilarin Tasarim, Hesap Ve Yapim Esaslarina Dair Yo6netmelik, Eksenel
Basing, 1/2HEA Profil, Tasarim Basing Kuvveti Dayanimi, T-Profil, Yiikk Ve Dayanim Katsayilarina
Gore Tasarim

DESIGN OF STRUCTURAL STEEL TEES UNDER AXIAL COMPRESSION

Abstract

Typically produced by cutting steel hot-rolled I- or H-shapes, structural tees are widely used in different
load resisting systems as primary/secondary members or connecting elements. The aim of this study is
to define the fundamental limit states for structural steel tees under axial compression, to reveal how the
"Specification for Design and Construction of Steel Structures (SDCSS)" incorporates these limit states
into their design principles, and to calculate and tabulate the design compressive strengths of tees
produced by splitting different European HEA shapes widely used in Turkey for various buckling
lengths. For this purpose, the limit states of yielding, flexural buckling, flexural torsional buckling and
local web/flange buckling are defined and how these limit states are incorporated into SDCSS is
summarized first. Afterwards, the calculation of the design compressive strength for a typical structural
tee based on the design principles defined in SDCSS is showed step by step and similar calculations are
conducted to determine and present in a tabular form the design strengths of structural tees produced
from different HEA shapes for different buckling lengths. In the study, it is found that the compressive
behavior of tees cut from HEA shapes with profile numbers not exceeding 500 is governed by flexural
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torsional buckling limit state unless their buckling lengths are relatively small, in which case the
governing limit state becomes flexural buckling. On the other hand, regardless of the buckling lengths,
the governing global buckling limit state is found to be flexural torsional buckling for larger tees.

Keywords: Specification For Design and Construction Of Steel Structures, Axial Compression,
1/2HEA-Shape, Design Compressive Strength, Structural Tee, Load And Resistance Factor Design

1. GIRIS

Dogal olarak sahip oldugu yiiksek siineklik ve yiiksek dayanim gibi iistiin dzellikleri, yapisal ¢eligi son
donemlerde diger yapi malzemelerinin arasinda 6n plana ¢ikartmaktadir. Yapisal ¢elik tasiyict
sistemlerin, Tiirkiye gibi deprem kusaklar {izerinde yer alan iilkelerde insa edilen yapilarda daha yaygin
sekilde kullanildig1, giiniimiiz diinyasinda hizla artan gokdelenlerin ve biiyiik agiklik gecen kopriilerin
vazgecilmez unsurlar1 haline geldigi goriilmektedir.

Yapisal celik tagtyict elemanlar denince ilk akla gelen profiller her ne kadar I- veya H-kesitli hadde
profiller olsa da, T-kesitli hadde profiller de farkli ¢elik tastyici sistemlerde degisik gorevlerde kullanilan
temel tasiyict elemanlar arasindadir. Kafes sistemlerin iist ve alt basliklarinda ¢ekme ve basing
elemanlar1 olarak kullanilan T profiller (Sekil ), caprazli ¢cergevelerde merkezi veya digsmerkez capraz
(Sekil ), kisa agiklik gecen kompozit kopriilerde kiris (Sekil ), baglantilarda baslik, alin, bayrak veya
kayma levhasi gibi ara elemanlar (Sekil ) olarak kullanilabilmektedir.

T-kesitli uist
=~ bagslik eleman1

Korniyer govde

. . [ elemant
Korniyer govde
elemani

T-kesitli iist
baslik elemani

1
=

LI~ T-kesitli alt
== baslik eleman:

T-kesitli alt
baslik elemani

Sekil 1: T-profillerin kaynakli kafes kiriglerde alt ve iist baglik elemanlari olarak kullanim1 (URL-1, 2024) (Aghayere &
Vigil, 2020)

Sekil 2: T-profillerin ¢elik bir kpriide gapraz elemanlari olarak kullanimi1 (URL-2, 2024)
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@) (b)

Sekil 3: T-profillerin kisa agikli kompozit koprii sistemlerde kiris olarak kullanimi (a) Kompozit Celik T-Profilli Beton
Tabliyeli Koprii Sistemi (Naito, Hendricks, Sause, & Cercone, 2021) (b) Precobeam kompozit képrii sistemi (Lorenc,
Seidl, & Berthellemy, 2022)

(2)

L
T-profil

(b) ©

Sekil 4: T-profillerin baglantilarda ara eleman olarak kullanimi (a) moment aktaran bir birlesimde baglik/alin levhasi
(Huang, Wang, Chen, & Wang, 2018) (b) ¢apraz birlesiminde bayrak levhas1 (McCormac & Cserna, 2012) (c) kirig-kolon
birlesiminde kayma levhasi (Astaneh-Asl, 2005)

T-kesitli ¢elik bir profilin iiretim asamalar Sekil 5°te gosterilmektedir. Sekilden de fark edilebilecegi
gibi T-profiller, sicak haddelenmis I- veya H-profillerin govdelerinden kesilmesiyle iiretilmektedirler.
Kesim isleminin ortadan yapilmas: durumunda, iki es T-profil elde edilir. Ulkemizde T-profiller,
kesildikleri profillerin isimlerine atif yapilarak (6rnek olarak, 1/2HEA700) isimlendirilmektedir.
Amerikan T-profillerde de benzer bir isimlendirme kullanildigi (6rnek olarak, WT24x55) bilinmektedir
(Segui, 2018).
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©

Sekil 5: 1/2HE1000x438 profilinin iiretimi (a) Kesim 6ncesi (b) Kesim esnasinda (¢) Kesim sonrasi (Ikdheimonen, ve
digerleri, 2013)

T-kesitli celik profillerin tasarimi, uygulamada nispeten daha fazla kullamilan I- veya H-kesitli
profillerin tasarimina kiyasla ¢ogu zaman daha karmagsik hesaplar igerir. Bunun belki de en 6nemli
nedeni, T-kesitli profillerin tek simetri eksenli ve agik kesitli olmalar1 ve kayma merkezleri ile geometrik
merkezlerinin ¢akismamasidir. Bu nedenle burulma, o6zellikle basing ve/veya egilme etkisindeki T-
profillerin davramiglarimi belirleyen en temel kesit zorlarindan biri haline gelebilmekte, egilmeli
burulmal1 burkulma gibi burulma igeren farkli genel burkulma modlarmin T-profillerin tasariminda goz
oniinde bulundurulmas: gerekebilmektedir. T-kesitli profillerle, I- veya H-kesitli profillerin arasindaki
bir diger fark da, I- veya H- kesitli profillerin gdvdelerinin yiike paralel olan kenarlarinin her ikisinden
de bagliklar tarafindan tutulmalari nedeniyle “rijitlestirilmis” enkesit parcalari olarak siniflandirilmalari;
buna karsin, T-kesitli profillerin govdelerinin kenarlarinin yalniz birinden tutulmalari nedeniyle
“rijitlestirilmemis” enkesit pargalar1 olarak siniflandirilmalaridir (Sekil ). Bu nedenledir ki, T-kesitli
profillerin basing ve/veya egilme etkisindeki davranigini belirleyen sinir durumlardan biri olabilen yerel
gdvde burkulmasi, T-profillerin tasarimlarinda mutlaka dikkate alinmalidir.
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Rijitlestirilmemis enkesit

pargast
I__\
[ e 2|
I profilindeki govde, rijitlestirilmis - T profilindeki govde,
enkesit parga \ rijitlestirilmemis enkesit parca

Sekil 6: Tipik bir T-profilin enkesit pargalari ile tiretildigi H-profilin enkesit par¢alarinin yerel burkulma sinir durumu
acisindan kiyaslanmast

Bu g¢aligmanin amaci, Tiirkiye’nin giincel gelik tasarim yonetmeligi olan “Celik Yapilarin Tasarim,
Hesap ve Yapim Esaslarina Dair Yonetmelik’te (CYTHYEY, 2018) tanimlanan tasarim esaslarini temel
alarak, T-kesitli ¢elik yap1 elemanlarinin eksenel basing elemanlar1 olarak kullanilmalar1 durumunda,
hangi tasarim esaslarina tabi olduklarini ortaya koymak ve yonetmelikte verilen tasarim denklemlerini
kullanarak tipik bir T-profilin mevcut dayanimmin nasil hesaplanacagini adim adim gostermektir.
Hesaplarda, yonetmelikte tanimlanan iki yontemden biri olan Yiikk ve Dayanim Katsayilarina gore
Tasarim (YDKT) yontemi kullanilacaktir. Ayrica, tipik eleman i¢in yapilan tasarim hesaplarinin, farkli
burkulma boylarina ve kesitlere sahip elemanlar icin tekrarlanmasi suretiyle, Tiirkiye’de ¢elik tasarim
yapan mimar ve miihendislere tasarimlarinda kolaylik saglayacak ornek bir tasarim tablosunun
olusturulmasi da hedeflenmektedir. Bu amagla calismada ilk olarak, eksenel basing etkisi altindaki T-
profillerde gozlenen temel sinir durumlardan bahsedilmistir. Ardindan, bu tiir profillerin dayanim
hesaplar1 icin CYTHYEY de tanimlanan tasarim esaslar1 ve denklemleri sunulmus; tasarim esaslarinin
uygulamasina 6rnek teskil etmesi amaciyla, her iki burkulma diizleminde de burkulma boyu 3 metre
olan 1/2HEA900 enkesitli bir T-profilin tasarim basing kuvveti dayamiminin nasil hesaplanacagi
gosterilmistir. Son olarak, iilkemizde yaygin sekilde kullanilan HEA profillerden kesilerek iiretilen T-
kesitli profillerin farkli burkulma boylarindaki dayanimlar: hesaplanip tablolanmis; tablolanan degerler
kiyaslanarak burkulma boyunun ve profil enkesitinin incelenen T-profillerin basing dayanimlari
tizerindeki etkileri arastirilmigtir,

2. T-PROFILLERIN EKSENEL BASINC ETKIiSI ALTINDAKI TEMEL SINIR DURUMLARI
T-profiller eksenel basing etkisi altinda akarak ya da burkularak sinir durumlarina ulagirlar. Burkulma
sinir durumlari, eleman narinliginden (genel burkulma) kaynaklanabilecegi gibi, kesit narinliginden
(yerel burkulma) de kaynaklanabilmektedir.

2.1. Akma

T-kesitli gelik bir profilin basing etkisi altinda akma sinir durumuna ulasabilmesi i¢in; boyunun oldukca
kisa, enkesitini olusturan parcalarin genislik/kalinlik oranlarinin da oldukg¢a kiigiik olmasi
gerekmektedir. Cogu miihendislik uygulamasinda, eleman veya enkesit narinlikleri nispeten yiiksek
oldugundan akma, T-kesitli ¢elik profillerin basing davranisini kontrol eden bir sinir durum olarak
gozlenmemektedir.

2.2. Genel Burkulma

Basing etkisi altindaki T-profiller, sinir durumlarina iki farkli genel burkulma moduyla ulasabilir: (i)
egilmeli burkulma, (ii) egilmeli burulmali burkulma. Egilmeli burkulma, eksenel basing kuvveti etkisi
altinda olan, enkesitinde en az bir simetri eksenine sahip ¢elik yapi elemanlarinda gozlenen sinir
durumlardan biri olup; bu burkulma modunda eleman ilgili asal eksen etrafinda egilerek burkulur. Buna
karsin, kesitinde en fazla bir simetri ekseni bulunan celik yapi elemanlarinda gdzlenen egilmeli
burulmali burkulma modunda, elemanin egilerek burkulurken ayni zamanda buruldugu da gozlenir.
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T-profillerde egilmeli burkulma, Sekil 7°de gosterildigi gibi basliklara paralel olan asal eksen (x ekseni)
etrafinda meydana gelir. Bunun en 6nemli nedeni, X-ekseni etrafindaki burkulma esnasinda olusan
kesme kuvvetinin, kesitin kayma merkezinden geciyor olmasidir. Bu durumda, egilerek burkulurken
elemanda burulma gézlenmez.

Sekil 7: Tipik bir T-profilin simetri eksenine dik eksen etrafinda egilmeli burkulmasi (Li, Fafard, & Boissonnade, 2022)

Diger taraftan, simetri ekseni olan y eksenine gdére burkulmada, burkulma esnasinda olusan kesme
kuvveti, enkesitin kayma merkezinden gegmediginden, Sekil 8’de goriildigii gibi, egilerek burkulmaya
burulma da eslik eder.

Sekil 1: Tipik bir T-profilin simetri ekseni etrafinda egilmeli burulmali burkulmasi (Lee, 2003)

2.3. Yerel Burkulma

Basing etkisi altinda kalan bir T-profilde biitlin enkesit pargalar1 basinca maruz kaldigindan, hem baslik
hem de gbvdenin yerel burkulmasi profilin davranisini sinirlandirabilir. Sekil 6’da gosterildigi gibi, bir
T-profilin gévdesi tipki bagliklar1 gibi “rijitlestirilmemis” enkesit parcasi olarak siniflandirilmaktadir.
Bu nedenle, kompakt gévdeli bir I-/H-profili goévdesinin ortasindan kesildiginde, her ne kadar govde
uzunlugu yartya diismiis olsa da, yani, narinligi %50 azalmis olsa da, yiike paralel kenarlarindan birini
destekleyecek bir basliga sahip olmamasi nedeniyle ¢ok daha kiigiik yiiklerde burkulabilir. Gévdenin
yerel burkulma davraniginda gézlenen bu degisiklik, basing/egilme etkisindeki T-profillerin tasarimina
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mutlaka dahil edilmelidir. Genel olarak, gévde kalinliklarinin baglik kalinliklarina kiyasla daha kiiciik
olmast sebebiyle, T-profillerde yerel burkulma, Sekil 9°da gosterildigi gibi, govdede gozlenmektedir.

Sekil 9: Eksenel basing etkisi altindaki tipik bir T-profilin govdesinde gbzlenen yerel burkulma (Taras, Kugler, &
Unterweger, 2017)

3. EKSENEL BASINC ETKIiSINDEKI T-PROFILLERIN CYTHYEY (2018)’DE
TANIMLANAN TASARIM ESASLARI

Bu boliimde eksenel basing kuvveti etkisi altindaki T-profillerin, CYTHYEY (2018)’de tanimlanan
tasarim esaslar1 ve kurallar1 6zetlenecektir.

3.1. Enkesit Siniflandirmasi

Eksenel basing etkisi altindaki celik bir yapi elemaniin yerel burkulma sinir durumu agisindan
degerlendirilebilmesi i¢in, ilk olarak enkesitinin siniflandirilmasi gerekmektedir. CYTHYEY (2018)’e
gore, bir basing elemaninin enkesit siniflandirmasi igin, enkesiti olusturan pargalarin genislik/kalinlik
oranlar1 (b/t oranlari), yani narinlikleri (1), yonetmelikte Tablo 5.1A’da verilen ilgili sinir narinliklerle
(4r) karsilagtirilmalidir. Enkesiti olusturan pargalarindan en az birinin narinligi, sinir narinlik degerinden
bliylik olan, yani, enkesit parcalarindan en az biri “narin” olan kesitler “narin enkesit” olarak
siniflandirilmaktadir. Elemanin “narin olmayan enkesit”li olabilmesi igin, hi¢bir parcasinin narin
olmamasi gerekmektedir.

T-profillerin baslik narinligi A;, yarim baslik genisligi b /2 nin baslik kalinlig1 tf'ye oranindan; gévde

narinligi Aw ise kesit derinligi d’nin gévde kalinlig1 t,’ya oranindan hesaplanir;

— bf

A = 2t, (1)
4

A=t @

Denklem (1) ve (2)’den elde edilen narinlik oranlari, CYTHYEY (2018)’de Tablo 5.1A’da
rijitlestirilmemis enkesit pargalari i¢in tanimlanan boliimde baslik pargalari ig¢in birinci durumda
(Denklem (3)), govde pargasi igin ise dordiincii durumda (Denklem (4)) tanmimlanan sinir narinlik
degerleriyle (sirastyla, 71,y ve [1,,) kiyaslanmalidir;

E

A, =0,56 |—
: /Fy ©

’ E

A =149 |—
w |:y (4)

Denklem (3) ve (4)’te, E ve Fy yapisal ¢elik malzemenin, sirasiyla elastisite modiilii (200 GPa) ve
karakteristik akma gerilmesidir.

3.2. Karakteristik Eksenel Basin¢ Kuvveti Dayanim

CYTHYEY (2018)’e gore, eksenel basing etkisindeki ¢elik bir yap1 elemaninin karakteristik dayanima,
elemanin olasi biitiin genel ve yerel burkulma sinir durumlar dikkate alinarak hesaplanmalidir.
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Yerel burkulmanin bir simir durum olmadigi, yani enkesiti narin olmayan T-profillerin karakteristik
eksenel basing kuvveti dayanimi P,, Kritik burkulma gerilmesi F¢ ile kayipsiz enkesit alan Ag’nin
carpimindan hesaplanmalidir;

P, =F,A ()
n cr g

Kritik gerilme F¢, Denklem (6) veya (7)’den uygun olan kullanilarak hesaplanmalidir;

F » o

FVSZ,ZS icin F, =/0,658" |F, (6)
F, .

E >2,25 igin F, =0,877F, (7)

e
Denklem (6) veya (7)’de, elastik burkulma gerilmesi Fe, elemanin genel burkulma sinir durumuna bagh
olup, egilmeli burkulma sinir durumu i¢in Denklem (8)’de verilen esitlikten hesaplanmalidir;
2
n°E
Fe = Fex = 2 (8)
(L /i)
Denklem (8)’de Lcy/ix, T-profilin x ekseni (yani, simetri eksenine dik eksen) etrafinda egilmeli burkulma
sinir durumu i¢in narinlik oran1 olup, profilin X ekseni etrafindaki etkin burkulma boyu (Lcx) ayni eksene
gore atalet yarigapina (ix) oranlanarak hesaplanir. Egilmeli burkulma simir durumunda kritik burkulma
gerilmesinin, elemanin narinligine (Lcd/ix oranina) bagli olarak degisimi Sekil 10Sekil *da gosterilmistir.

Sekilden de fark edilebilecegi gibi, eleman narinligi sinir deger olan 4, 71,/E / Fy degerinden biiyiikse

burkulma elastik, kiigiikse elastik olmayan bolgede gerceklesmektedir.
Egilmeli burulmali burkulma sinir durumu igin elastik burkulma gerilmesi, Denklem (9)’da verilen
esitlik kullanilarak hesaplanmalidir;

E :(Fey—kFezj 1- ho aF, F,H ©)
e 2
2 H ( Fey + Fez )
5
0.658% |F,
F. =0.877F,
Elastik olmayan balge hge&
471 F L
F, i
Sekil 10: Egilmeli burkulma sinir durum igin kritik burkulma gerilmesinin eleman narinligi ile degisimi
(CYTHYEY Uygulama Kilavuzu, 2017)
Denklem (9)’da;
2
7°E
Fy = 2 (10)
(LCy /i, )
GJ
= (11)

F —
ez Ag ioz
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2 2
X, +Y
H =]__°i_—20 (12)
0
olarak tanimlanmaktadir. Denklem (10)’da L, profilin y ekseni (yani, simetri ekseni) etrafindaki
egilmeli burkulma boyu, Iy ise ayni eksene gore atalet yarigapidir. Denklem (11)’de, G yapisal ¢elik
malzemenin kayma modiilii (77,2 GPa) ve J burulma sabitidir. Denklem (11) ve Denklem (12)’de! o,
profilin kayma merkezine gore kutupsal atalet yaricapi olup, Denklem (13) kullanilarak

hesaplanmalidir;

_ | |
ioz\/x02+y02+ «Fly (13)
Ay

Denklem (13)’te X, Ve Yo, profil enkesitinin kayma merkezinin geometrik merkezine gore koordinatlari,
Ix ve Iy profilin asal x ve y eksenlerine gore atalet momentleridir.

Denklem (10) ve Denklem (11)’den fark edilebilecegi gibi, Fey Ve Fe; sirasiyla y ekseni etrafinda egilmeli
burkulma ve z ekseni etrafinda burulmali burkulma siir durumlarina karsilik gelen elastik burkulma
gerilmeleri olup, her iki smir durum da eksenel basing etkisindeki T profillerde ayr1 ayri
gozlenmediginden, dayanim hesabina dogrudan katilmamaktadir.

Enkesitleri narin olmayan T-enkesitli basing elemanlarimin karakteristik dayanimi hesaplanirken, X
eksenine etrafinda egilmeli burkulma ile y ekseni etrafinda egilmeli ve z ekseni etrafinda burulmali
burkulma (yani, egilmeli burulmali burkulma) sinir durumu i¢in Fer ayr1 ayr hesaplanmali; Denklem
(5)’ten elde edilen iki degerden kiigligii, profilin karakteristik dayanimi olarak alinmalidir. Diger bir
deyisle, profilin olasi genel burkulma sinir durumlarindan hangisine ilk dnce ulasacagi belirlenip, o sinir
durum i¢in hesaplanan dayanim, karakteristik dayanim olarak alinmalidir.

Eksenel basing kuvveti etkisi altindaki davranislari agisindan narin enkesitli elemanlarin narin olmayan
enkesitli elemanlardan en 6nemli farki, yerel burkulmanin genel burkulmadan once goézlenmesidir.
CYTHYEY (2018), yerel burkulmanin eleman dayanimina etkisini, “etkin genislik” ydntemiyle
tasarima dahil etmektedir. Bu yontemde, elemanin narin olarak smiflandirilmis enkesit pargalarinin
etkin genislikleri belirlenip, etkin enkesit alan1 A. hesaplanir. Profilin karakteristik eksenel basing
kuvveti dayanimu, kritik gerilme ile etkin enkesit alaninin ¢arpimindan hesaplanmalidir;

P =FA (14)

n— ‘o'l

Denklem (14)’te Fcr, enkesiti narin olmayan elemanlardaki gibi Denklem (6) ve Denklem (7)’de
tanimlanan baglantilardan uygun olan kullanilarak hesaplanmalidir. Ae ise kayipsiz enkesit alan Ay’den
enkesitin narin pargalariin etkin olmayan alanlar1 ¢ikartilarak belirlenmelidir;

A=A - (b-b)t (15)
Denklem (15)’te b ve be, enkesitin narin olarak siiflandirilan her bir pargasinin sirasiyla kayipsiz ve
etkin genislikleri, t ise ayn1 enkesit pargasinin kalinligidir. Denklem (15)’te be, narin enkesit par¢asinin

b/t oran1 (1) ile profilin karakteristik akma dayaniminin kritik burkulma gerilmesine oranina (Fy/F)
bagli olup, Denklem (16) veya (17)’deki esitliklerden uygun olan kullanilarak hesaplanmalidir;

A< A, /F—y icin b, =b (16)
F F, | [F
A>A |—L icin b, =b|l-c, [ | |
> T Fcr 9 e { Cl Fcr J Fcr (17)

T
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Denklem (16) ve Denklem (17)’deki Ar degeri, etkin genislik hesabi baslik i¢in yapiliyorsa Denklem (3),
govde igin yapiliyorsa Denklem (4) kullanilarak hesaplanmalidir. Denklem (17)’deki Fei, etkin genisligi
hesaplanan narin enkesit par¢asinin yerel elastik burkulma gerilmesi olup, Denklem (18)’de tanimlanan
bagmt1 kullanilarak hesaplanmalidir;

/1 2
F, :(027'] F, (18)

Denklem (17) ve Denklem (18)’deki c1 ve c; katsayilari, etkin genislik hata diizeltme katsayilar1 olup;
rijitlestirilmemis enkesit parcalari i¢in degerleri CYTHYEY (2018)’de Tablo 8.2’de ¢1=0,22 ve ¢»>=1,49
olarak verilmektedir.

4. ORNEK BiR T-PROFILIN TASARIM EKSENEL BASINC KUVVET DAYANIMININ
HESAPLANMASI

Bu boliimde, S235 (Fy=235 MPa) ¢eliginden iiretilmis, egilmeli burkulma boylari Le=Lcy=L:=3 m olan,
1/2HEA900 enkesitli bir T-profilin eksenel basing kuvveti dayaniminin hesab1 adim adim anlatilacaktir.
Dayanim hesabinda, CYTHYEY (2018)’de Boliim 5’te tanimlanan iki tasarim yaklagimindan biri olan
Yiik ve Dayanim Katsayilari ile Tasarim (YDKT) yaklagimi kullanilacaktir. Bu tasarim yaklagiminda
yapisal giivenlik kosulu, elemanin tasarim eksenel basing kuvveti dayanimi Pq’nin, gerekli eksenel
basing kuvveti dayanimi Py’dan kiigiik olmadig1 durumlarda saglanir. Py, karakteristik eksenel basing
kuvveti dayanimi P, ile dayanim katsayisinin ¢ carpimindan elde edilir:

R =¢.F (19)
CYTHYEY (2018)’de ¢, olast biitiin sinir durumlar i¢in 0,9 olarak tanimlanmistir.
Secilen 1/2HEA900 profilinin, dayanim hesaplarinda ihtiya¢ duyulan enkesit 6zellikleri (URL-3, 2023)

Tablo 1’de sunulmustur. Tablo 1’de yg, profilinin bagliginin iistinden enkesitin geometrik merkezine
olan mesafedir.

Tablo 1: 1/2HEA900 profilinin enkesit boyutlari ile temel enkesit 6zellikleri

1/2HEA900
Enkesit Boyutlari Enkesit Ozellikleri
d b tu t Aq Iy iy ly iy J Yo
mm | mm | mm | mm mm? mm?* mm mm?* mm mm?* mm
445 | 300 16 30 16000 |287100000| 134 |67700000 65 3700000 107,7

Denklem (1) ve Denklem (2) kullanilarak, 1/2HEA900 profilinin baslik ve govde narinlikleri (sirastyla,

Asve Aw);
A =ﬂ=5,00 ve lw=ﬁ=27,8
2x30 16

olarak hesaplanabilir. Hesaplanan narinlikler, Denklem (3) ve Denklem (4)’te tanimlanan sinir
narinliklerle kiyaslandiginda;

A, =5,00< A, =0,56 /200000 16,3 ve 4, =27,8> 4, =0,75 22090 _51 g
235 235

oldugundan, 1/2HEA900 profilinin basliklarinin narin olmadigi, ancak gdvdesinin narin oldugu
sonucuna varilir. Buradan, profilin yerel govde burkulmasi sinir durumuna, akma sinir durumundan
once ulasacagl; bu nedenle, dayanim hesabinda profilin kayipsiz enkesit alan1 yerine etkin enkesit
alanimmin kullanilmas1 gerekebilecegi fark edilebilir. Ancak, enkesitin etkin alami kritik burkulma
gerilmesine bagli oldugundan, dayanim hesabinda ilk olarak, Fe¢r hesaplanmalidir.

1/2HEA900 profilinin x ekseni etrafinda egilmeli burkulma sinir durumundaki elastik burkulma
gerilmesi Fey, Denklem (8) kullanilarak hesaplanabilir;
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2
F_F -7 x200000 _.q/00pa

© % (3000/134)°
Fy I F, =235/3940 =0,0596 < 2,25 oldugundan, egilmeli burkulma sinir durumu i¢in Kritik burkulma

gerilmesi (F¢r), Denklem (6)’da verilen esitlik kullanilarak hesaplanmalidir;

F, =[ 0,658 |x 235 = 229 MPa

Fer hesabinin ardindan, etkin enkesit alan1 hesabi yapilabilir. Profili olusturan enkesit parcalarindan
yalniz gévdenin narin olarak siniflandirildigr ve govde narinliginin (1,=27,8), Denklem (16) veya
(17)’de tanimlanan sinir narinlik degeri olan

F
A =L =21,9x /ﬁ =22,2
F, 229

degerinden biiyiikk oldugu goz oOniinde bulunduruldugunda, gévdenin etkin genisliginin Denklem
(17)’deki bagint1 kullanilarak hesaplanmasi gerektigi fark edilebilir. Bu adimda, profilin gévdesinin
yerel elastik burkulma gerilmesinin hesaplanmasi faydali olacaktir. Profilin gévdesi i¢in, €1=0,22 ve
c2=1,49 alinarak ve Denklem (18)’de tanimlanan bagint1 kullanilarak, yerel elastik burkulma gerilmesi

(FE|)1
2
F, = [1, 49 x ;1—9J x 235 =324 MPa

olarak hesaplanir. Buradan, govdenin etkin genisligi (de), Denklem (17) kullanilarak,

d, =445x|1-0,22x f32—4 X /32—4=391mm
229 229

olarak elde edilir. Profilin etkin alani, kayipsiz alanindan gévdenin etkin olmayan alani ¢ikarilarak
(Denklem (15)) hesaplanabilir;

A, =16000 — (445-391) x16 =15100 mm’

Boylece egilmeli burkulma sinir durum i¢in karakteristik eksenel basing kuvvet dayanimi, Denklem (14)
kullanilarak hesaplanabilir:

P =F, A =229x15100x10"° =3460 kN

Elemanin egilmeli burulmali burkulma sinir durumundaki elastik burkulma gerilmesini hesaplamak i¢in
ilk olarak Fey ve Fe; hesaplanmalidir. Denklem (10)’dan,

_ 7%x200000 _
” (3000/65)°

olarak hesaplanir. Fe; hesabi igin, ilk olarak enkesitin kayma merkezine gore kutupsal atalet yarigapi

7 MPa

(E ) hesaplanmalidir. Profilin kesitinin kayma merkezinin geometrik merkezine gore koordinatlarinin
Xo=0 Ve Yo=Yq — t1/2 = 107,7-30/2 = 92,7 mm oldugu g6z 6niinde bulundurularak ve Denklem (13)’ten

yararlanilarak,
4
i~ \/0+92,72 , (28710+6770)x10° _ .
16000
olarak hesaplanir. Boylece Fe;, Denklem (11)’den,
_ 77200x 3700000 _ 580 MPa

¥ 16000x175°
olarak elde edilir. Buradan, Denklem (9)’da bulunan ve Fe hesabi igin gereken bir diger parametre olan
egilme sabiti (H), Denklem (12) yardimiyla
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2
H=1-25927 4719
175

seklinde hesaplanir. Buradan, elemanin egilmeli burulmali burkulma sinir durumundaki elastik
burkulma gerilmesi Fe, Denklem (9) kullanilarak asagidaki gibi hesaplanabilir;

F _[927+580j 1l 4x927x580x0,719
“ | 2x0,719 (927 +580)’

Fy | F,=235/456=0,515<2,25 oldugundan, egilmeli burulmali burkulma sinir durumu igin Kritik

burkulma gerilmesi (Fc), Denklem (6)’dan
F, =0,658""" x235=189 MPa

olarak elde edilir. Etkin enkesit alan1 hesabinin gerekip gerekmedigine karar vermek igin, govde
narinligi (4,=27,8), Denklem (16) veya (17)’de tanimlanan sinir narinlik degeri olan

F
A =L =21,9x /@ =24.4
F, 189

degeriyle karsilastirilmalidir. Gévde narinligi sinir degeri astifindan, gdévdenin etkin genisligi
hesaplanmalidir. Denklem (17)’deki c1, €2 ve Fe terimlerinin, genel burkulma modundan bagimsiz
oldugu ve egilmeli burkulmali sinir durum i¢in degerlerinin sirastyla 0,22, 1,49 ve 324 MPa olarak elde
edildigi gz oniinde bulundurularak, profilin gévdesinin etkin genisligi, Denklem (17)’den

d, =445x|1-0,22x /% X f%:415 mm
189 189

olarak hesaplanir. Profilin etkin alani, kayipsiz alanindan govdenin etkin olmayan alani ¢ikarilarak
(Denklem (15)) hesaplanabilir;

A =16000— (445 —415) x16 =15500 mm?

Boylece, egilmeli burulmali burkulma sinir durum igin karakteristik basing kuvvet dayanimi, Denklem
(14) kullanilarak hesaplanabilir;

P =F, A =189x15500x10° = 2930 kN

Sonug olarak, drnekte ele aliman 1/2HEA900 profilinin karakteristik eksenel basing kuvvet dayanima,
yukarida hesaplar1 detayl bir sekilde verilen iki farkli genel burkulma sinir durumu i¢in belirlenen P,
degerlerinden (3460 kN ve 2930 kN) kiigligiine, yani 2930 kN’a esittir. Bu deger, Denklem (19)’da
tanimlandig1 gibi, dayanim katsayisi ile carpilarak tasarim dayanimina doniistiiriilebilir;

P, =¢,P, =0,9x2930 = 2640 kN
olarak elde edilir.

] =456 MPa

5. 1/2HEA KESITLI T-PROFILLER iCiN TASARIM TABLOSUNUN HAZIRLANMASI
Ulkemizde yaygin sekilde kullanilan 22 farklit HEA profilin ortalarindan kesilmesiyle elde edilen T-
profillerin tasarim eksenel basing kuvvet dayanimlari, Boliim 3’teki tasarim kurallar1 kullanilarak ve
Boliim 4’teki hesap isleyisi takip edilerek hesaplanmis, ve Tablo 2’de sunulmustur. Tablo 2, Amerikan
Celik Yap1 Enstitiisii (American Institute of Steel Construction) tarafindan hazirlanan Celik Yap1
Kilavuzu’ndan (Steel Construction Manual) uyarlanarak hazirlanmigtir (AISC, 2017).

Tablo 2°den fark edilebilecegi gibi, profillerin tasarim eksenel basing kuvveti dayanimlari, egilmeli
burkulma ve egilmeli burulmali burkulma sinir durumlart i¢in ayri ayr1 hesaplanarak tabloya
eklenmistir. Boylece, her ne kadar Bolim 4’teki ornekte, hesap kolaylig1 saglamasi amaciyla Le=Ley
kabulii yapilmis olsa da, uygulamada profillerin burkulma boylarinin farkli olabilecegi durumlar da gz
Online alinmigtir.

Secilen bir profilin tasarim eksenel basing kuvveti dayanimi, o profil i¢in tablodan okunan iki degerden
kiiciigii olarak almacaktir. Ornek olarak Tablo 2’den, Boliim 4’te dayamim hesaplari sunulan
1/2ZHEA900 profilinin tasarim eksenel basing kuvveti dayanimlarinin L= 3 m ve egilmeli burkulma
sinir durumu i¢in 3120 kN, L¢,= 3 m ve egilmeli burulmali burkulma sinir durumu i¢in 2640 kN oldugu
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goriilebilir. Buradan profilin tasarim eksenel basing kuvveti dayanimi, 2640 kN olarak belirlenir.
Tablodan da fark edilebilecegi gibi, ¢alismada ele alinan T-profillerin Tablo 2’de verilen dayanim

degerleri, 3 anlaml1 rakama yuvarlanarak tabloya dahil edilmistir.

Tablo 2: S235 ¢elik kaliteli, 1/2HEA enkesitli profillerin egilmeli burkulma (iistte) ve egilmeli burulmali
burkulma (altta) sinir durumlari i¢in ayr1 ayr1 hesaplanan tasarim eksenel basing kuvvet dayanimlari

239

S235 Tasarim Basin¢ Kuvvet Dayanimlar: (¢Pn , KN)
12HEA
Profil
140 160 180 200 220 240 260 280 300 320 340
0 332 410 478 569 681 812 918 | 1030 | 1190 | 1320 | 1410
0,5 315 394 463 555 667 798 904 | 1010 | 1180 | 1300 | 1400
1,0 270 351 421 514 627 757 864 977 1140 | 1270 | 1370
15 208 288 359 453 565 694 800 917 | 1080 | 1210 | 1310
2,0 145 219 287 380 489 614 719 839 997 | 1130 | 1240
2,5 94,0 | 153 216 302 405 525 627 748 902 | 1030 | 1150
3,0 65,3 | 106 153 229 323 433 531 650 798 931 | 1050
35 78,2 | 113 169 246 345 435 551 691 821 946
= 4,0 129 188 267 346 456 585 711 837
3| 45 149 211 273 366 485 604 729
2| 50 171 | 221 | 297 | 394 | 502 | 625
E 55 183 245 325 415 525
g 6,0 206 273 349 441
i 6,5 233 297 376
:?c: 7,0 256 324
; 75 282
= 8,0
=
0 308 379 433 515 611 732 823 911 | 1060 | 1180 | 1280
—~ | 05 308 379 433 515 611 732 823 911 | 1060 | 1180 | 1280
% 1,0 307 378 433 515 611 731 823 911 | 1060 | 1180 | 1280
% 15 301 375 432 514 610 731 822 910 | 1060 | 1180 | 1280
E 2,0 282 359 426 510 608 729 821 910 | 1060 | 1180 | 1270
g 2,5 257 336 407 496 601 724 818 908 | 1060 | 1180 | 1270
i 3,0 231 308 382 472 581 708 809 903 | 1050 | 1170 | 1260
§ 35 202 278 353 442 553 680 786 889 | 1040 | 1160 | 1240
.5 4,0 174 247 322 411 521 647 754 863 | 1020 | 1130 | 1210
E 4,5 147 216 291 377 486 610 719 829 985 | 1090 | 1170
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5,0 121 186 259 343 450 572 680 792 947 | 1050 | 1120
5,5 100 158 228 309 413 532 639 751 904 999 | 1070
6,0 84,0 133 198 275 376 491 598 709 860 950 | 1020
6,5 71,6 113 170 243 339 451 555 665 814 899 961
7,0 61,8 | 97,5 146 211 303 411 513 621 767 847 905

75 850 | 128 184 269 371 | 471 577 719 794 | 848
8,0 112 162 237 334 | 430 | 534 671 742 791
Enkesit Ozellikleri

Ag mm? 1570 | 1940 | 2260 | 2690 | 3220 | 3840 | 4340 | 4860 | 5630 | 6220 | 6670
ix mm 155 | 178 | 198 | 222 | 245 | 26,7 | 286 | 313 | 335 | 360 | 39,1
iy mm 352 | 39,8 | 452 | 49,8 | 551 60 65 70 749 | 749 | 746

Not: Bos olan hiicreler L¢/i > 200 oldugunu gostermektedir.

Tablo 2: (devami) S235 ¢elik kaliteli, 1/2HEA enkesitli profillerin egilmeli burkulma (iistte) ve egilmeli burulmali burkulma
(altta) sinir durumlari i¢in ayri ayri1 hesaplanan tasarim eksenel basing kuvvet dayanimlari

S235 Tasarim Basing Kuvvet Dayanimlar: (¢Pn , KN)
1/2HEA
Profil

360 400 450 500 550 600 650 700 800 900 | 1000

0 1510 | 1680 | 1880 | 2090 | 2240 | 2380 | 2520 | 2700 | 2900 | 3190 | 3360

1 1470 | 1650 | 1850 | 2060 | 2220 | 2360 | 2510 | 2690 | 2890 | 3180 | 3350

2 1350 | 1550 | 1770 | 1990 | 2160 | 2310 | 2470 | 2660 | 2860 | 3160 | 3340

3 1170 | 1390 | 1630 | 1870 | 2060 | 2230 | 2400 | 2600 | 2820 | 3120 | 3300

4 965 | 1200 | 1460 | 1720 | 1920 | 2120 | 2300 | 2510 | 2750 | 3070 | 3260

5 750 997 | 1270 | 1540 | 1770 | 1970 | 2190 | 2410 | 2670 | 3000 | 3210

6 550 792 | 1070 | 1340 | 1590 | 1820 | 2050 | 2290 | 2580 | 2920 | 3140

7 404 602 869 | 1150 | 1410 | 1640 | 1890 | 2140 | 2470 | 2830 | 3070

= 8 310 461 684 955 | 1220 | 1470 | 1720 | 1980 | 2350 | 2730 | 2990
\_Ig 9 364 541 774 | 1040 | 1290 | 1550 | 1820 | 2230 | 2620 | 2890
% 10 438 627 863 | 1110 | 1370 | 1650 | 2090 | 2500 | 2790
n‘;; 11 362 518 713 949 | 1210 | 1480 | 1930 | 2380 | 2690
—-?_ 12 435 600 798 | 1040 | 1320 | 1770 | 2250 | 2570
c:z 13 511 680 894 | 1160 | 1620 | 2120 | 2460
§ 14 440 586 770 | 1010 | 1460 | 1960 | 2340
; 15 511 | 671 | 880 | 1310 | 1810 | 2210
é 16 449 590 774 | 1170 | 1660 | 2090

240



\/ . . .
'5.’ INCOHIS  INCOHIS 2024 SPRING | MAY 11-12, 2024 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

0 1370 | 1540 | 1730 | 1920 | 2050 | 2160 | 2290 | 2430 | 2550 | 2750 | 2810
1 1370 | 1540 | 1720 | 1920 | 2040 | 2160 | 2280 | 2430 | 2540 | 2740 | 2800

2 1370 | 1530 | 1720 | 1910 | 2030 | 2150 | 2270 | 2410 | 2520 | 2710 | 2770
3 1350 | 1510 | 1680 | 1870 | 1980 | 2090 | 2220 | 2350 | 2460 | 2640 | 2690
4 1290 | 1430 | 1600 | 1770 | 1880 | 1980 | 2100 | 2220 | 2340 | 2510 | 2560
5 1200 | 1320 | 1470 | 1630 | 1730 | 1820 | 1930 | 2030 | 2160 | 2320 | 2370
6 1080 | 1200 | 1330 | 1470 | 1550 | 1630 | 1730 | 1820 | 1920 | 2080 | 2120
7 964 | 1060 | 1180 | 1300 | 1370 | 1440 | 1510 | 1580 | 1670 | 1790 | 1840
8 843 923 | 1020 | 1130 | 1180 | 1240 | 1300 | 1350 | 1410 | 1500 | 1540
9 723 789 873 958 | 1000 | 1040 | 1090 | 1130 | 1170 | 1230 | 1250
10 609 662 731 799 833 861 897 924 952 | 1010 | 1030

11 505 548 605 661 690 713 744 768 792 840 858
12 425 461 509 556 581 601 627 647 668 710 726
13 362 393 434 475 496 513 536 553 572 608
14 312 339 374 410 428 443
15
16

y Eksenine Gore Burkulma Boyu L., (M)

Enkesit Ozellikleri

Ag mm? 7140 | 7950 | 8900 | 9880 | 10600 | 11300 | 12100 | 13000 | 14300 | 16000 | 17300
ix mm 42,2 | 488 | 56,2 | 638 | 723 | 80,8 | 89,5 | 98,9 116 134 152
iy mm 743 | 734 | 729 | 724 | 715 | 705 | 69,7 | 684 | 66,5 65 63,5

Not: Bos olan hiicreler L¢/i > 200 oldugunu gostermektedir.

6. SONUCLAR

Bu ¢aligmada, I- ve H-kesitli ¢elik hadde profilleri kadar yaygin olmasa da, pek ¢ok farkli uygulamada
ana, yardimci ya da ara eleman olarak kullanilan T-kesitli profillerin {iretimleri, kullanim alanlari,
eksenel basing etkisi altindaki temel sinir durumlarn ve “Celik Yapilarin Tasarim, Hesap ve Yapim
Esaslarina Dair Yonetmelik’te (CYTHYEY) verilen tasarim esaslar1 6zetlenmistir. Ardindan, tipik bir
T-profilin CYTHYEY ’ye gore tasarim eksenel basing kuvveti dayanimimin nasil hesaplanacagi,
burkulma boylar1 3 m’ye esit olan, S235 ¢elik kaliteli, 1/2HEA900-kesitli bir T-profil i¢in adim adim
gosterilmis; benzer hesaplar farkli kesit ve burkulma boylarina sahip S235 c¢elik kaliteli HEA
profillerden elde edilen T-profiller i¢in tekrarlanarak, iki genel burkulma sinir durumu i¢in ayri ayri elde
edilen dayanim degerleri bir tasarim tablosu halinde Tablo 2’de sunulmustur.

Caligmada incelenen T-profillerin burkulma boylar1 (Lcx Ve L) sifira yaklasirken, elastik egilmeli
burkulma gerilmelerinin (Fex Ve Fey) degerlerinin sonsuza yaklastigi; buna karsin elastik burulmali
burkulma gerilmesi (Fe;) degerlerinin elemanin burkulma boylarindan bagimsiz olmasi nedeniyle sonlu
degerlere sahip oldugu tespit edilmistir. Bu nedenledir ki, bu tiir profillerin egilmeli burkulma sinir
durumu i¢in hesaplanan karakteristik dayanimlar1 akma dayanimlarina esitken, egilmeli burulmali
burkulma sinir durumu i¢in hesaplanan karakteristik dayanimlari, akma dayanimlarindan kiigiiktiir.
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Incelenen T-profillerden, profil numarasi 600’e esit veya daha biiyiik olan HEA profillerden iiretilmis
T-profillerin eksenel basing etkisi altinda gévdelerinin narin olarak siniflandirildigi; bu nedenle, bu tiir
profillerde etkin alan hesab1 yapilarak yerel burkulma sinir durumunun tasarima dahil edilmesi gerektigi
tespit edilmistir. Bununla birlikte profillerin etkin alanlari, kritik burkulma gerilmelerine bagh
oldugundan ve kritik burkulma gerilmeleri profillerin burkulma boylar arttik¢a azaldigindan; yeterince
biiyiik burkulma boylarinda profillerin etkin enkesit alanlarinin kayipsiz enkesit alanlarina esit oldugu
fark edilmistir. Ornek olarak, Boliim 4’te ele alinan, narin gévdeli 1/2HEA900 profilinin, egilmeli
burkulma sinir durumunda, burkulma boyunun 3 m oldugu durumda etkin enkesit alan1 kayipsiz enkesit
alanin %94,4’{ine esitken, burkulma boyunun 9 m oldugu durumda, bu oran %97,0’ye ¢ikmakta,
burkulma boyunun 14 m oldugu durumda ise etkin enkesit alanin kayipsiz enkesit alanina esit oldugu
gozlenmektedir. Bu durum, eleman narinligi nispeten fazla olan profillerde genel burkulma sinir
durumlarindan birine, yerel burkulma sinir durumlarindan 6nce ulasiliyor olmasiyla agiklanabilir.
Incelenen T-profillerden, profil numarasi 500’e esit veya daha kiiciik olan HEA profillerden iiretilmis
T-profillerin egilmeli ve egilmeli-burulmali burkulma sinir durumlari i¢in ayri ayr1 hesaplanan dayanim
degerleri karsilastirildiginda, profillerin basing davranislarimi kiicik burkulma boylarinda egilmeli
burulmali burkulma siir durumunun, nispeten daha biiyiik burkulma boylarinda egilmeli burkulma sinir
durumunun belirledigi tespit edilmistir. Buna karsin, enkesiti daha biiylik olan profillerde egilmeli-
burulmali burkulma, burkulma boyundan bagimsiz olarak, profillerin basing davranislarinda belirleyici
olan genel burkulma sinir durumu olmaktadir. Bu durumun, incelenen profillerin asal eksenleriyle
iligkili oldugu disiiniilmektedir. ix/iy oranlarinin, enkesit numarast 500 ve 500’den kiigiik olan HEA
profillerden iretilen T profillerde 1’den kiigiik oldugu; enkesit numarast 500’den biiyiikk olan
profillerden iiretilen T-profillerde ise 1’den biiyiik oldugu tespit edilmistir. Ornek olarak, 1/2HEA140
profili igin ix/iy oran1 0,440 iken, 1/2HEA1000 profili i¢in bu oran 2,40’a esittir. Diger bir deyisle,
incelenen profiller arasinda enkesiti nispeten kiiciik olanlarda x ekseni zay1f eksenken, biiyiik enkesitli
profillerde zayif eksen y-ekseni olmaktadir.

Tablo 2°de sunulan tasarim tablolari, tek bir ¢elik sinifi (S235) ve kesit tiirii (1/2HEA) i¢in hazirlanmig
olup, calismanin ilerleyen agsamalarinda, farkli ¢elik siniflar1 (S275 ve S355) ve kesit tiirleri (1/2IPN,
1/2IPE, 1/2HEB ve 1/2HEM) i¢in benzer tablolarin hazirlanmasi1 hedeflenmektedir. Boylece yarim HEA
profiller i¢in elde edilen sonuglarin, Tiirkiye’de sik¢a kullanilan diger celik kaliteleri ve profil tiirleri
icin de gecerli olup olmadigi belirlenebilecektir.
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