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Automatic Classfication of Neuromuscular Diseases Wh Random Forest
(Rf) Algorithm

Erdem TUNCER

Introduction

Neuromuscular diseases; It is a disease that affects the peripheral nervous system, is acquirec
or develops genetically, and is characterized by muscle wasting or weakness later on.
Electromyography (EMG), one tfe most important tools for the correct diagnosis of
neuromuscular diseases, is used. (Bekiroglu & et al. 2016). Separation of EMG signs and
classification of similarly shaped ones by grouping provide valuable information in terms of
neuromuscular pathglp evaluation. Neuromuscular disorder is a general term that refers to
diseases that affect any part of the nerve or muscle. Myopathy and neuropathy are two important
types of neuromuscular diseases. The symptoms of these two diseases can be vexgctimilar t
other. In the complaint of not being able to move the muscles, this movement disorder in
neuropathy is caused by the nerves going to the muscle, while in myopathy, movement disorder
occurs due to a problem in the muscle. The purpose of electrgrmyagthe diagnosis of these
diseases is to support the clinical diagnosis. EMG signals, which have a complex structure, do not
contain easily understandable information. Therefore, these signs need to be classified by computer
(Lee & et al. 2021, Kucuketal. 2019).

In this study, a classification structure consisting of five processing steps was arranged for
the diagnosis of neuropathy and myopathy, which are the most common types of neuromuscular
diseases. EMG signals were preprocessed, windowed, deiiiction and classification stages
before being classified. 80% of the EMG signals analyzed in 0,2 second windows were used for
training and the rest for testing. Afterwards, 10 features were calculated and the feature vector was
obtained. Finallyhé data were classified with the Random Forest (RF) algorithm. With the
proposed features and classification algorithm, a success rate of 96,6% was achieved in the
classification of normal, myopathy and neuropathy EMG data.

Materials and Method

The operaccess PhysioNet EMG dataset was used in this study. Data were collected with
the Medelec Synergy N2 EMG Monitoring System (Oxford Instruments Medical) by placing a 25
mm. concentric needle electrode on the tibialis anterior muscle of all subjectdod ilbeasa
20 Hz. higkpass and 5 KHz. lepass filters, were used during the recording process. Figure 1
shows three 0,2 second samples of EMG data. Figure 1(a) a 44 year old man with no history of
neuromuscular disease; Figure 1(b) 57 year old maryopdhy due to a losganding history
of polymyositis; male subject EMG. Data were recorded at 50 KHz. and then downsampled to 4
KHz. (Goldberger & et al. 2000).
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The data are split in 0,2 second windows with no overlap. The number of windows and data
set information obtained from the data are given in Table 1.

Table 1. Information about the EMG dataset

Data type Number of Total time
epochs (Second)

Normal 63 12,6

Myopathy 137 27,4

Neuropaty 184 36,8

Total 384 384

Various features are extracted for each window using the discrete wavelet-feeghod. 7
wavelet transform is used to separate the EMG signal into lower frequency bands. The wavelet
transform structure using the Symlets (Sym) 2 wavelet is shown @& Figure

~

)

)(

(

EMG>

L(

Fig. 2. Wavelet decomposition tree
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Detail (D) and Approximation (A) coefficients were obtained from the EMG signal using
the discrete wavelet transform. The approximation coefficients are obtained by calculating the low
frequency components, and the detail coefficients are obtained by calculating the other frequency
components (Tuncer E. 2022). 10 different features of these wavelet coefficients are extracted. In
Figure 2, the wavelet coefficients from which the featarestiacted are shown in bold. The list
of obtained features is given in Table 2. With 2 features obtained from 5 different wavelet
coefficients, a feature matrix was created for each window data.

Table 2. Feature list obtained from each window

No. FeaturdName The wavelet No. Feature Name The wavelet
coefficient from coefficient from
which the feature is which the feature
obtained is obtained

Standard deviation D4
Standard deviation D5
Standard deviation D6
Standard deviation D7
0 Standard deviation A7

Shanon Entropy A7
Shanon Entropy D7
Shanon Entropy D6
Shanon Entropy D5
Shanon Entropy D4

abhwWNPE
P Oo0O~NO®

The created feature matrixgigen as input to the classifier algorithm. 80% of the data was
used as training and the rest as testing. RF algorithm was used as the classifier algorithm. The RF
algorithm is an improved version of the bagging method. Instead of branching out eatfgnode u
the best branch among all the variables, it branches each node using the best among the randomly
selected variables at each node. Each dataset is generated by displacement from the original datase
Trees are then developed using random featureoselBetveloped trees are not pruned (Archer
& et al. 2008, Breiman & et al. 2001). With this strategy, the RF algorithm achieves successful
results. RF is also very fast, resistant to overfitting and can work with as many trees as desired. Two
parametersra defined by the user to start the RF algorithm. These parameters are the number of
variables used at each node and the number of trees to be developed to determine the best split
(Breiman & et al., Edla &et al. 2018).

Results and Discussion

In this stug, a machine learning technigue has been proposed to help the correct diagnosis
of neuromuscular diseases from EMG data. In this study using the PhysioNet data set, normal
myopathyneuropty data were classified.

EMG data are divided into windows and ¢ieddiy calculating 2 features from 5 different
wavelet coefficients. Data are classified with the RF algorithm. From the RF algorithm parameters;
Batch size 40, max. depth 10 and number of trees 50. As a result of the study, 96,10% success wa:s
achieved wh the RF algorithm in the correct classification of neuromuscular diseases. In terms of
misdiagnosis rate, the error rate was again determined as 3,90%. The comparison of this study and
the studies in the literature is given in Table 3.

Kucuk H. et al.dcused on-2lass study rather thawtldss study. According to the results
of binary classification using 25 features, they achieved an average success rate of 92,9%. Belkhot
A. et al. similarly made &ladss classification in their study. As a resalasdification, they
achieved a high success rate by using 55 features. However, the proposed model was used only tc
differentiate normalisease data. Istenic R. et al. achieved a success rate of 70,4% with 40 features
using SVM. Subasi A. et al. ackievsuccess rate of 99% using 47 features in their study. In this
study, 10 features were used. Compared to the studies in the literature, the number of features used
is quite low. This provides advantages with faster classification performance acddsisg) pr
overhead. The success rate obtained was close to or higher than the success rates in the literature

10
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Considering the number of features used with success rates, it is understood that the model can be
classified with few features and high accuracy.

Table 3. Accuracy comparison

Author  Dataset Class types Classifier ~ Number of Acc.
Features

Kucuk H. EMGLAB NeuropathicNormal SVM 25 97,39%
et al. NeuropathicMyopathic 94,57%

Myopathic- Normal 86,74%

Avg. 92,9%
SubasiA. EMGLAB MyopathieNeuropathieNormal Bagging 47 99%
etal. Ensemble
with SVM

Istenic R. - MyopathieNeuropathieNormal SVM 40 70,4%
et al.
Belkhou A. EMGLAB  Normat Neuropathic SVM 55 99.34%
et al. NormakMiyopati KNN 99.07%
This work  PhysioNet Myopathic-Neuropathic-Normal RF 10 96,10%

Although artificial intelligence is used in many sectors, its use in the health sector is increasing
day by day. Expanding the use of machine learning algorithms, especially in the early diagnosis of
high-cost chonic diseases, will positively affect the quality and cost of the delivery of health
services. By using the created model on different data sets and increasing the data volume and size
it can give priority to the diagnosis and treatment process stddieas#s.

11



Tuncer, Erdem; Automatic Classification of Neuromuscular Diseases With Random Forest (Rf) Algorithm

REFERENCES

Archer, K. J. (2008) Emprical characterization of random forest variable importance
measure, computational statistical data anatysigutational Statistics & Data Abalyyi2249
2260.

Bekiroglu, S., Cifci, E. G. (2016) The Evaluation Concétatiemt Complaint Systems
Depend On General Secretary Hospilalstnal of Medical Social W{6yk3242.

Belkhou, A., Jbari, A., Badlaoui, O. E. (2021) A corgdeddiagnosis system for
neuromuscular diseases using Mel frequency Cepstral coeHaeariic Africa8 e00904.

Breiman, L. (2001) Random forests,machine leathingr Academic shagig5(1), 532.

Edla, D. R. Mangalorekar, K., Dhavalikar, G., Dodia, S. (2018) Classification of EEG data
for human mental state analysis using Random Forest CRssifielia Computer Sk3ents23
1532.

Goldberger, A., Amaral, L., Glass, L., Hausdorff, J.viManG., Mark, R., ... & Stanley, H.
E. (2000) PhysioBank, PhysioToolkit, and PhysioNet: Components of a new research resource for
complex physiologic sign&@#.culation01(23), e21de220.

Istenic, R., Kaplanis, P. A. (2010) Multiscale eries@chpproach to automated surface
EMG classification of neuromuscular disordiéesl Biol Eng Comgt773781.

Kucuk, H., Eminoglu, 1., Balci, K. (2019) Classification of neuromuscular diseases with
artificial intelligence methodsurnal of the Faduliggineering and Architecture of Gazi B4iversity
(4), 1728.741.

Lee, J. W., Shin, M.J., Jang, M.H., Jeong, W.B., Ahn, S. J. (28&dgeTmoary classifier
for neuromuscular disorders using surface electromyography feature extraction and selection
Medical Engineering and, PBySES2.

Subasi, A., Yaman, E., Somaily, Y., Alynabawi, H.A., Alobaidi, F., Altheibani, S. (2018)
Automated EMG Signal Classification for Diagnosis of Neuromuscular Disorders Using DWT
and Baggindprocedia Compuiem¢aicAQ 236237.

Tuncer, E. (2022) Ictaiterictal Epileptic State Classification with Traditional and Deep
Learning Architecturdsiternational Journal of Research Publication3(3), ReVa®g7.

12



Ersin, ¢aKat ay &erldraningaHeatIRhythid&/ithroé Wsing Ecg Sensor

Performing Heart Rhythm With lot Using Ecg Sensor

¢aKatay ERSKk
Mehmet KARAYEL

Introduction

Today, cardiovascular diseases have become widespread due to unhealthy diets and sedentar
lifestyles. Detection of cardiovascular diseases can be done with EKG tieuailtesistitutions.
In this study, a device that can measure and remotely monitor heart rhythm was designed and
realized for individuals with cardiovascular disease. In the study, the ESP8266 wifi module was
used for remote monitoring of the ECG hearssemmicrocontroller development board, and
loT (Internet of Things) channels over the internet. When the individual with heart disease or heart
rhythm disorder places the probes of the ECG sensors in the heart region, instant measurements
are made with éhcontroller and sent to the previously opened channels on the thingspeak internet
address, which is an 10T interface. Thanks to this study, the healthcare team will be able to follow
the heart rhythm even when the patient is away. Cardiovascularadisease$/ cause death
worldwide [1,3,4 ] Deaths due to heart diseases in Turkey constitute 45% of total deaths. Time is
of the essence in any disease that occurs in the cardiovascular system. Anomalies occurring in the
patient should be identified quickid aommunicated to healthcare professionals. For this reason,
continuous timed ECG recordings are of vital importance in patients with heart disease who have
problems in the cardiovascular system [1].

Early diagnosis or preliminary inference is verytampan the health sector. While this is
important for the quality and effectiveness of the treatment, it also means vital interventions for
critical diseases. The most important step necessary for the realization of preliminary inference and
early diagrsis is the continuous monitoring of the data. Continuous monitoring and analysis of
people's data can enable immediate detection of abnormal situations [2].

cardiovascular diseases occur due to dangerous factors such as smoking, hypertension, blood
lipids,hereditary heart disease from the family, obesity and diabetes. To reduce the mortality rates
brought about by these disorders, an Electro Cardiograph device was made. With this device,
electrical activities occurring in the heart are observed, atitewlidita received, diseases in the
heart can be detected beforehand and necessary precautions can be taken. With the EKG device,
the flow rate and pulse of the heart can be easily measured [4]. The ECG is one of the most widely
available and routinely merhed diagnostic tools in modern medicine for-imagsive
cardiovascular diseases [5]. Instant display of ECG data is of great importance for patients with
heart disease [1]. In this study, a system that can send instant data to the thingspeateloT interfa
with an ECG sensor has been designed. The heart rate graphs of the sick individual were monitored
remotely with this system.
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Material and Method

Heart signals are an important and effective biological signal used in the diagnosis of
cardiovascular diseases [6]. The EKG, which is used for the diagnosis of cardiovascular diseases,
is a device that provides a graphical recording of the electrical activity that occurs during the
contraction of the heart. A weak electrical activity adbaxing the contraction and relaxation of
the atria and ventricles, also known as the heartbeat. This activity contains a lot of data on heart
rhythm, frequency and spread. Electrocardiography, or in other words, an EKG device, is used to
measure electricattivity. Electrodes attached to the skin on the chest, arms and legs allow the
electrical activity of the heart to be measured [7]. In this study, the heart rhythm data from the
ECG sensor were instantly measured and sent to the Thingspeak loT wadifadeSP82266
wifi module. Arduino Uno microcontroller development board was used in the study and the ECG
sensor was connected to the microcontroller development board. The power of the study was
provided by a lithiugpolymer battery with a voltage7o4 volts. The ESP8266 wifi module is
connected to Arduino’'s microcontroller development board to send instantaneous data measured
from the ECG sensor to the Thingspeak IoT interface. The block diagram of the study is shown
in figure 1.

Lipo
Battery

Arduino Uno Microcontroller
Development Board

EKG

\( W ensor
'@6

ANALOG lN‘

O =
> AA AL AR

@ Thingspeak loT Interface
ESP8266 Wifi
Modul = l
- Stigtpens
= | 5 ‘
aem— |l
é_ t evIces “1’;
-

Figure 1. Blodiagram of the system

2.1. Internet of Things

The detection provided by Wireless Sensor Network (WSN) technologies, which is the main
area of use of 10T (Internet of Things), is encountered in many areas of today's life. This offers the
ability to measurmfer and understand environmental indicators from sensitive natural resources
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to urban environments. The proliferation of these devices in a communicative network creates the
Internet of Things (I0T). Here, sensors and actuators seamlessly interecemvihronment and

enable information to be shared across platforms to develop a common language of
communication. Fueled by the adoption of various wireless technologies such as RFID tags and
embedded sensor and actuator nodes, 10T has evolved dayrbosn dag beginning [8] The

Internet of Things (IoT) allows physical objects to see, hear, and think, It allows coming together
and "talk". IoT is the transformation of basic technologies such as embedded devices,
communication protocols, sensor netwankstnet protocols and applications from traditional to

smart ones [9,10]. The concept of the Internet of Things was first used by Kevin Ashton in 1999
in a presentation on the benefits of Radio Frequency ldentification (RFID) technology for P&G
[11]. Intenet of Things; It is used in applications suchtesléh, home automation, smart
environment, smart water, smart agriculture, smart livestock, smart energy, smart cities, smart
measurement, industrial control, security and emergencies, shoppingtiesdRetevant data

are collected from sensors to provide better quality service in these areas and to increase efficiency
and productivity. These data are stored in Cloud Computing systems, creating "Big Data". They
are analyzed by machine learningadsthnd contribute to making related improvements. The
most prominent application areas include the smart industry, where the development of smart
manufacturing systems and connected manufacturing spaces is often discussed under the heading
Industry 4.0. \Mle smart energy applications focus on smart electricity, gas and water meters; In
the smart home or building field, smart thermostats and security systems are attracting a lot of
attention in the context of the Internet of Things applications [12}. $tutty, the heart rate data

was sent to the thingspeak internet of things interface by using the internet of things technology.
Thanks to the study, the heart rate data of the patient, whose ECG sensor is attached to his body,
will be able to be monitoreeimotely.

2.2. Thingspeak 10T Interface

Thingspeak is a free data platform for the Internet of Things (IoT) that remains popular
today. Thingspeak is also awabked open API Iebased information platform that converts
external components used for loifoitheir data and is used to store sensor data. Thingspeak
communicates between the internet connection and the cloud as a 'data packet' carrier and takes
the detected graphic from the connected sensor to the main microcontroller, records, analyzes,
obseves and works. Thingspeak Arduino, TI CC3200 module, Rappbrryt helps build the
social network of development photos, selbased daily apps, location/location tracking apps,
and updated objects. The main feature of the Thingspeak funceobasetifield, location field,
and Channel field, which is the status field. Thingspeak, mechanical mechanisms can be created,
and the information you choose and information can be processed and visualized alternately and
matched with MATLAB's use of tweatsl other warning forms. It also offers the ability to create
a general channel for general analysis and forecasting. It takes advantage of graphic visualizatior
operations for sensors/actuators and can be used for objects. I0T helps bring evertfieing toge
and allows us to communicate with our things, and more interestingly, allows objects to interact
with other objects. This is the platform. Thingspeak offers the use of real data, graphic
visualization, as well as pilogused to collaborate with veelovices, social networks or API. The
main feature of Thingspeak is the Thingspeak Channel. On a page that will send the channel to
Thingspeak for channelling. Programs loaded on the microcontroller transmit to the thingspeak
channel within a certain petion the sensor screen. Programs uploaded to the microcontroller
have a 15econd period to transmit the latest sensor values to the Thingspeak Channel. As the
internet of things progressed, the wireless sensor network became more and more acceptable. As
the Internet of Things progresses, the wireless sensor network is used. [13].
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In this study, heart rate data is taken with a microcontroller development board and sent to
the thinkspeak channel with ESP8266. By opening an account in the ThingspealateT anter
channel was created and heart rate data was sent to this channel. In addition, the position of the
patient with an ECG sensor is entered in thingspeak, the channel is opened and the position
information is shown in this channel.

2.3 Design of theyStem

In this study, a biomedical device was designed using a microcontroller development board.
With this designed device, heart data can be obtained and monitored while the person with heart
disease is away. ECG sensor pads (green, red, yellow)dhos pfecperson's body. The yellow
electrode was placed on the heart of the patient, the red electrode was placed on the right side in
line with the heart, and the green electrode was placed on the abdomen. The regions where the
electrodes are placed dreven in figure 2.

M

Figure 2. Areas where ECG electrodes are placed

The system is connected electronically and instant data is taken with the electrodes. The

electronic circuit of the system in the study is shown in Figure 3.
’ =0

Figure 3. The electnmuiit of the system
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Data from the system was received with the code written to the Arduino ide software. The
data obtained with the electrodes attached to the person were instantly monitored on the serial
monitor. The graphical representation of the datleoserial plotter is given in figure 4.

480.0

3E0.0

300.0

Z40.0

Figure 4. ECG graph

In the study, this instantaneous data was sent to the Thingspeak loT channel using the
ESP8266 wifi module. The device is connected to the internet with the wifi name and password
and the datis sent to the thingspeak loT interface IP address. The image of the sent data is shown
in figure 5.

Data Send.

112.33

128.67

GET https://api.thingspeak.com/update?api key=1FNPNELLDGNUKX5B&fieldl=128.67

Data Send.

98.67

95.67

GET https://api.thingspeak.com/update?api key=1FNPNELLDGNUKX5B&fieldl=95.67

Figure 5. Data sent to Thingspeak loT interface

These sent data were transferred to the Thingspeak 10T channel, which was opened before.
It is shown graphically in the channel. In addition, the data of the person received through the
electrodes are displayed on the screen by entering the locaticationforine location and
graphical representation of the data sent to the Thingspeak 10T interface are shown in figure 6.
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In the study, heart data was taken from the user and displayed as date and time on the
thingspeak channels with an 10T interface. The location where the user's data is taken is also shown

on a different screen. The display of the user's heart rate graphics and location over the channel is
given in figure 7.
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Figure 6. Data and location imrigepeak 10T interface channel

The healthcare team will be able to follow the patient remotely through this study. In
addition, the thingview, which is an android software, is graphically shown in the interface for the
tracking of the data sent to the riggpeak interface with the android device. The graphical
representation of the data coming to the Thingview interface is given in figure 7. Here, it is seen
that the instantaneous heart rate is 106.33 and the maximum and minimum values are given
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3. Results and Evaluation

In this study, a biomedical device was designed. The device received heart rate data with the
ECG sensor and sent it to Thingspeak, which is used as an 10T interface with the internet of things
technolog. In the designed system, an ECG heart sensor, microcontroller development board for
data acquisition and control, and EPS8266 wifi module are used to send data to the internet. With
this study, the heart rhythm of the user can be monitored remotehewithngspeak internet
address or android device. The study has been tested on the user and the data has been taken. Th
user's heart rate graph is shown in the system. In addition, with the location channel performed in
this study, the information fronhigh region the user's ECG data were obtained is also reached.
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Improvement of Satellite Optimization Parameters with Lagrange
Multipliers

Enes¢ EL k K

Introduction

With the beginning of the space age, satellites began to use in communication, earth
observation and navigation. Satellite design, analysis, optimization, production, integration and
operation have become essential areas.pfbilems that arise in satellite research and
development are becoming increasingly complex. Satellite system design features, satellite orbiting
and security design are still being developed today. Comprehensive design is to design and optimize
at the sytem level. In this process, the design plan is according to the needs. Effective payload,
reliability, launch and orbit are designed simultaneously in satellites. In addition, the effective load
is limited for reliability reasons. Thus, the satellitensy@tsists of many subsystems and becomes
a problem involving a series of complex calculations. One of these subsystems is to optimize the
design. Our limitations here may be parameters such as budget, lifespan and weight. The research
aims to optimize theatellite performance and operation under the relevant rule constraints with
the help of optimization subsystems of the overall satellite design (Larson & Wertz, 1999). The
thrust of the satellites has increased thanks to the batteries with thehlatésgye®utta et al.,

2013). In addition, mini, micro and nano satellites have developed. Earth's outermost satellites or
satellites close to the Van Allen belt are exposed to severe radiation with long transfer times and
sunrays causing damage to $atédvices (Dutta et al., 2014). To better model the satellite system,
the transfer trajectory design should be calculated along with the station holding strategy, power,
state control, thermal control, and outer construction material (SobiesZtaskki 1995).
Therefore, multidisciplinary design optimization is preferred to deal with satellite system design
problems (SobieszczarSkbieski & Haftka, 1997).

Related Works

Shi et al. proposed a surrogagsisted multidisciplinary design optimizétomework for
the multidisciplinary design optimization problem of electrified geostatic orbital satellites,
consisting of multidisciplinary modeling, multidisciplinary analysis, and sassigjaté
optimizer (Shi et al., 2017). Appel et al. werestaedran the optimization problem of multi
satellite orbit transfer. The solution was carried out using functional optimization techniques. This
algorithm is based on a combination of-@irder gradient and neighketremal algorithms
(Appel et al., 20 4Conway, in a study, examined numerical optimization methods in the satellite
optimal orbit problem. He proposed a solution to this optimization process with calculus of
variations, nonlinear programming, parametric optimization and evolutionamnal{foatiway,
2010). In one of his studies, George used a genetic algorithm and simulated annealing methods
together to minimize the revisit time of constellsi@aped satellites (George, 1997). Wu et al.
used the collaborative optimization method foogtenization problem of the remote sensing

tinstructor,#1 I DPOOAO 3 AEAT AAh " AAAAOEE 61,4dd(DBEG0-D0AZ-3262-865X | 1 h +3 OEI AOA
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satellite, which includes power, attitude control, thermal control and infrastructure systems (Wu et
al., 2013). Huang et al. developed the nested cooperative optimization method to solve the
optimization problerof manoeuvrable satellites (Huang et al., 2014).

Material and Methods

Lagrange multipliers are there to solve the constraints incrementally, incrementally. It is a
precise method that optimizes the objective function to meeflKickar conditions (Luentger
& Ye, 1984). Since the main framework of the discrete Lagrange multipliers theory is similar to
continuous lagrange multipliers, it is preferred for satellite optimization problems with continuous
lagrange multipliers.

Continuous Lagrange Multipliers

Continuous Lagrange multipliers were initially developed to address constrained
optimization problems. This method tries to find a local minimum by transforming an equality
constrained issue into an unconstrained problem space with the help of theahdignatigh,
where the objective function is expressed as follows.

Minimize Qw
Qo 1 Q pB
N @
bl Qo 1 Qo

Then the x's are minimized to obtain an extreme point of the Lagrangian function (Avriel,
2003).

Discrete LagrangeMultipliers

Discrete Lagrange Multipliers provide a mathematical basis for handling drsiraieed
optimization. This theory extends the concept of a straight saddle point to discrete space. It
provides the initial conditions for a saddle point & Ibeal minimum by defining a Lagrangian
factorization formulation. Discrete Lagrange multipliers attempt to concentrate on generic
theorems and lemmas related to discrete constrained optimization that do not answer according to
the problem structure. Hed denotes a random set of discrete values. To find discrete Lagrangian
factors, the generalized Lagrangian function defines in discrete space.

0 i Qo 1 0Q®

H is the continuous transformation function. The lambda equality constraints and h(x)
represent the corresponding vector of Lagrangian multipliers. Unlike straight Lagrange multipliers,
it has been proven that the Discrete Lagrange Factors and the concept of the saddle point are
intertwined. Thus, the conditions for a saddle point can dbdmgeufficient conditions for the
local minimum solution (Wu, 1998).

Parameters of an available satellite system that need to be optimized; economy, outer shell,
pneumatics, orbit, reliability, thermal control, thrust, weight, and electromagnetisinalNume
solutions for several representative cases are present for use in optimization processes. According
to the weight function and constraint function consisting of impulse (x), budget (y), and
electromagnetism (z) variables, what can be the x, yaaiathles to minimize the weight?
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substituting X, y, z in the equation,
. _ g1 I«

| f sulstitute in the equations, in order of x, y, z,

(xy3 = R or (3 =« SF BF uK)
substituting X, y, and z in the weight function,

OLHLRE @ @ cd ol
P o ® ¢d ol
These critical point - U V¢ select to minimize the weight function.

According to the age function and constraint function consisting of the orbit (x) and thermal
level (y) variables, what can be the x and y variables to maximize the age?
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X in the equation is substituted for x in the other equation,
w @ ¢ U Pl w

x and y cannot be zero, simplifying the equation with vy,
pd P
@ ow Q¢
@ ow 01 w
¢ ow opil W
¢ oW oW

W pw No

Critical points aréo), ( phvio), Ph Wo), ( ph Vo). If x, y, pairs are written in place

of the age function,
Qph Vo ww Vo

Q pic ww Vo
These critical points can select to minimize the age function.
Qpiic G Vo
Q ph Vo & Vo
These critical points can select to maximize the age function. Since we aim to maximize the

age functioigph/io), ( ph o), these critical points are selected.

According to the cost function and constraint function consisting of pneumatic (x), outer
shell ¢), and weight by mass (z) variables, What can be the X, y, and z variables to minimize the

cost?
ROIN 16 1o S VI o'

Qaftith o o & p
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— — — p,a 9t ¢
L " o —" ga xr o
O=4 from the equations. | f

C
Thus, the critical points dre-h-h), r

A A A

o Xt (oW} —

k and ® are substituted

(1S
1 A — T
® (0]
C C
ccQ
1 A -y
o 2 o
C C
c¢C
1 oA 5 P¢C
d o

Fal

o U
(o)

aTx

v
o

v

o)
P

o

X
o

. , , (Y
® w a —
o

O

n

S

t

Ssubstitute

he

eqguation

espectively. Substituting the x, y, and z cost function,

The value in the equation is the minimum point. There is no maximum point. These critical

points

-h-h choose to minimize the cost function.
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Results

Satellite design, analysis, optimization, production, integration, and operation are critical
subjects. Satellite systems consist of many subsystems and become a problem involving a series o
complexcalculations. Our primary constraints here are budget, life span, and weight parameters.
In this study, satellite design optimization parameters were optimized under minimal possibilities.
In this optimization process, the minimum and maximum points pathmeters related to
Lagrange Multipliers have been determined. Since many parameters exist in satellite systems,
successful results have been observed using Lagrange Multipliers in optimization processes. This
study applied Lagrange Multipliers toiagifworld data, not reabrld data. In future studies,
Lagrange Multipliers can be used in satellite optimization processes under constrained conditions.
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Potent Matrices

Hasan KELEK

Introduction

This section is about the justification of (iii), which is one of the conditions for the algebraic
structure that forms the basis of abstract algebra. The structure monoid of and how it is displayed
on the structure is investigated. The definition ofidmpotent element on a monoid structure
is discussed. The algebraic structures according to the binary operation of multiplying square

matrices in matrice§R,§ and (R, +) are known that are monoid$iereal number® , with

the usual operations of addition and multiplication, also form. énfietder to make the study

more understandable, first the structuré@s and then the structures of square matrices according

to the multiplication operation in the matrix are included. The situation of the equations that
provide idempotent element formation in these structures in their own structures was examined.

The solutia of the equationx® = x in real numbers i3 and1. Also, the solution of the equation
x* = x in integer numbers is the numieand, Ifki Z* is odd, the set of solution to the
equationx” = x is {0, , if k is even, iti§-1,0,} .

The solution of the equatioti =1 in real numbers is= 1. The solution of the equation
x* = x is 0 and1. The solutions of this equati@dhand1, are idempontent numbers.

X¥X=x YX -X &

X(x-1) 0D % & xUl

Let F be a field and, (F) :{ig.j rﬁq]. IF,n iZ*}. HereM,, (F) is considered as set

of square matrices. The equation= Bis written forA X, Bl M_ (R) matrices.

If A= X =B matrix is taken ilAX = B equation,X* = X equation is obtained. Necessary
conditions in the solution of this equation necessitated the following definition.

x?-x 0]y x(x 4) [&
x?-x §0]Y x FUX I

Also, the solutions of the equatigi = X are zero dividing matrices,
X(x-1,) $0]Y x [oUx 1

n"

1 Lecturer, Karadeniz TechnicalJniversity
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In this section, the forces resulting from the multiplication of matrices and hence the forces
of matrices are examinEdr the special matrices existing in the literature, the conditions for being
written for some orders are given.

Let us start with the row-clivisor definition that | gave in the studyi6-1[1].

Let A" denote the transpose &f M, (F) Let A and B be two regular square matrices

of ordern. The determinant of the new matrix obtained by writini' tr@w of the matrixa
on the j™ row of the matrix8 is called theedivisor by roWthe matrixA by the row on the

matrix B. It is denoted bjB. Their number i®”. The matrix calivisor by rovis gAB) [9].
éj e ij

&
For the two matrices satisfying the above conditions, the matrix division is also given by

ﬁ\:igg) and at the same time, the solution of the equaiK = Bis X :E.
B [ge s A

The row cedivisor definition is related to the prodixzt, and the column edivisor definition
is related to thé\X product. The same expression is written in terms of powers when the
solutions of the expressions here are repeatedly divided into the same matrix.

Let Al M, (R) bea regular matrix then there are at least two regular matacesA, which
satisfies the following equation,

A=AA[12].
Every regular matrix can be written as the product of an infinite number of regular matrices. Briefly,
for any regular matrig

o
A= AwhereA, A,... are regular.

An n3 n matrix A is called inuolutoy ifA* = |, wherel, is then® n identity matrix [16].

The broader perspectives are presented fonblative mind by takin* = X*, the periodic
mind by takingk*** = X and the the idempotent mind by takix§=1_in the equation
Xk =X.

Any power of a matrix other than an intege? o equal to the unit matrix. To generalize this
situation, the following definition is given.

Defination 1.An n3 n matrix A is calleck™ order involutive iffak = |, wherek?2 2.

1

1
Example 2.Let the matrixA= 10 be given. The matriA is the6"™ order infolutive

DxXD- (D~

matrix by
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gidempotentif X* =1,
} involutive if X*=xX"1
nilpotent if X* =[]
I peryodik if X=X

k —

—_) —

There is sufficient information in the literature about nilpotent, periodic and involutive matrices.

MatrEces | denkffotent Degree

Definition 1. A group is a set equipped with a binary operatid® & G that associates

an element.bi Gtoeverypairofelemerﬂsbi G, and having the foll ow
associative, has an identity eleraén, and every element@i s i nverti bl e (w.r
explicitly, tr8 means that the following equations hold fé, hlicl G:

i. a(bc=(ab.c (associativity);
i. ae=ea =c (identity);
ii. Foreveryal G, thereis soma '~ Gsuchthapa'=aa =¢. (inverse) [11].

A setM together with an operatiddbM ® M and an elemegt satisfying only
Conditions (G1) and (G2) is calleda@noif2, 17]

An elementai G is an idempotent (element)®fif a* a= a. We noteP(G)the set of

idempotents o6 in [1, 2, 17]. This set is the seP¥f order idempotent elements. Shortly,
P’ (G*)={a* a=aa id.

If ais eIemean(G,*), then pocessing, k- times is still equal #@, for a positive integer

k2 3.

a*a--* a= a.
| —

k- times
The setP*(G,*) is the set olempotent elewictegrded’ . Likewise,

Pk(G,*):‘!eda* a-* azaa iG:.

| k- times
The setP?(R,+) of the monoid(R, +) is{0Q} and the seP?(R,Q of the monoid(R,} is
{0.3.

The set of square matrices onfof a field F is denoted by, (F) . The set of idempotent

elements of the monoid, (F) is
P, (F). [y A AA @, Bl(5)
={[0], .10}
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If n=2, this set is

P2(v,(F).0 fea g% AA w, mul A}

In this studyF =R is taken.
PZ(MZ(]R),C)) {:@aj EAZ AA g, Wzi(R)}-

e2 -8 g
Example 2.The matrixA= €1 Yy

e -1u

é4 u
. This matrixA is a second order secedefree idempotent matrix since this matrix provides
the definition of idempotent,

P (M2 (R), ) is theidempotent elements of deg@3e

&2 -8 926 8 @
AZ=¢€ u, e =y
A1 ,1A 1 ﬂ
&4 04 é 4

7
7

A.

DR D @

Lemma 3.Let Ai PZ( M, (R), ): Then,

A= A whereki 7Z*.

Proof. The proof of this Lemma 3 is done by induction mefhoel given statement is true for
k=1.

A=A
Assume that given lemma 3 is truekfod. Then
A=A V(A A =pA 2
A=A

Lemma 4.Let Al P2( M, (R), ): The elements in the positions of this matrix satisfing the
conditions (i) and (ii) given below,

. 1.1
I a11:§ _2\]1 4a12a21 &y Ay az? 1.

1

4a,,
1

4a,,

Fa, >0 ¥
i. &, 0V
1Ia21<0 Y

8,

<,

o O

, . €&
a,=0 YA =g)
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Proof. If the matrix Al P2( M, (R), ): then A> = A,

ean a, gag a, _@, @y,
&, A, 148 A B @

8121+312821 -y, G
a,8,+ a,8,, -3, G

Q,8,F 8,8, -9, G

agz +3a,3,, -, G

. A
1- 4a12a21 20 \312 ,0 iYalz

a:LZ = O’all +aZZ i

Lemma 5.Let Al P3(M2 (C) ): The elements in the positions of this matrix satisfing the
conditions (i), (ii) and (iii) given below,

. 2
I |au| ¢ T*\fl 'a12a2111 2,3,

8- a
818, + 28,8,

ii. &, = '53114_'5\/4 36@1 4a12a21-

. a,= , Wherea,,a,,, 2a,,a,,

Proof. If the matrix A is the thirddegree idempotent matrix, th&h= A.

Aa_f?an a, gag a, a@ €, aip a@
- € U, e u & a&
eazl a,, uaze a,, 22 21.1 22
C.a,=
3

&, = o a, .0
' ’7 %\/4 332%2 48,8, ’

— ——D:
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a11' afl h '3322
U 28,8, +a,d, 0
23,8, + 8,3, 2a11a21 taya, oo

C' a21a22 - O @11 @

a,=
A,a, =0 @a,a, &,a, 0=

— ) =) =) ) =) =) (]

Z,a,=0
B2 w, e, 0, Pl E, e,z
8,=1- T, daa,e, 0, 2p (A, e,z A pE @ easC L
-% 4 % da,a,.a, O, %@%/4-%1 @z%i-zz% %+\/m c\i

i e < .
A’a12>0 Q% 5 4 ‘?’af'l da,8, C VI %%’\/4 3%11 dapa, GV I

— =) ) ) =) ) i) =) =) =) =)
|
=

2

0’1 a121 -, a11a22

CD

Py .
a, y2

e

I

i

_fc1-a) -a, aa, 0m, O
a, =

{0,3122011 -afl agz 87,85 (}

—_—) =) =) =) =) —) —)

Example 6.Conditions (i), (ii) and (iii) are fulfilled &9y=1,a,, = 2 anda; =1,a,, = 2
Indeed, the matriai P3(M2(R), )':ise since

2= el 2 gle 2 _gl &2 A
&1 208 2ok &
The matrixA is not the matrix idempotesegree2™ .
e el 2 gle 2 1g & lg 2¢

= N = < A
&1 208 20 #& - 4 £
But, matrixA is the matrixdempotent elements 8f degree

Lemma 7.Let Al P3(M2 (C), ): Then,

A* = A whereki Z* .
Proof. The proof of this Lemma 7 is done by induction method. It is trite=for

A=A
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Assume that given Lemma 7 is true2for 1.
A=A V(A R AR
A2k+1= A3 =A.
Theorem 8. An regular matribAl P*(M, (R), ¥ if and only if theA matrix is involutive™
degree.
Proof. Y : If Al P°(M, (R), {, then
A=AYAXK 4.
‘U If the A matrix is involutive™ degree, then,

A= YA =A.

CONCLUSIONS AND DISCUSSIONS

It is obvious that the concept ddémpotent elements of degkd¥', which has just been defined,

will find many application areas. The studies on the set of square regular matrices is carefully
observed whether it adds a new feature to their algebraic struchoesg@neral expectation is

the expansion of algebraic structures. For example, group, object, ring, etc.
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The Role Of MachEne Lear-MEEE!| Ag&nigt |

Bekir PARLAK!

Introduction

Programs called MAILBOX on the Massachusetts Institute of Technology (MIT) computers
dating back to 1965 are the first examples of electronic mail. A networked system was created by
ARPANET and email started to be wused in 1972. Emails are defined as
dOusername@comput er nameao. I n a few years 75%
the invention of-enail, the world has moved from ARPANET to the Internet. With the discovery
of the internet,-enailshave provided users with an easy way to exchange information on a global
level. The simple message transfer protocol (SMTP: Simple Mail Transfer Protocohai$ the e
standard that was first introduced. SMTP does not check whether the email seodcts a
Because of this, some problems such as forgery and fraud aroaéd coemunication. This
simplicity in the SMTP protocol is exploited by viruses, fraudsters and spammers.

The continuous increase in the number-obremerce companies with theerof e
commerce has led to an increase in the number of advertisingCemailsk, 2008)0nline
shoppers receive emails from untrusted senders to hunt for their passwords or bank account
informaton. These randomly sent unsolicited bullais are called spam. Symantec states that
the total spam rates in 2015, 2016 and 2017 were 52.7%, 53.4% and 54.6%, (€gaegtately
al., 2018)Kaspersky also reported the rate of spam emails as 53.49% at the dmdiafubeedr
of 201§Vergelis et al., 2019)

The ease of use ohmails and the ability to reach thousands of people at the same time have
brought some disadvantages. One of these disadvantages is unsolicited(spa(Bhaowssakes
and Hazarika, 2018Jhanks tats cost and speed advantageaids are used for purposes such
as advertising, promotion, marketing, creating public opinion, sharing inappropriate content,
obtaining personal information by sending malicious software, and dozens-oiaifmaresent
to email boxes every day. The rate of spamaikis increasing day by day in the researches
conducted by most of the research companies. While this situation causes loss of time and effort
for users, it also causes unnecessary occupation of netfiorkntraddition, from the point of
view of enterprises, it is seen that it causes huge financial losses. Many different methods and
techniques are used to filter spam and successful results are obtained. Despite this, they continue
to use their -enail syems, developing new strategies and methods to overcome the filters or
techniques applied to spam users. For this reason, it is essential to carry out current studies in this
field, to develop different methods and techniques, to create different datd setsupport
analyzes.

1$08 veg,08 AOUAOCET EOAOOEOAOE
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In order to solve many problems, computers aim to provide machines with abilities such as
learning and interpretation inspired by the behavior of the human brain. Different methods and
techniques are used to reveal spam. Hoveesdr studies are usually carried out with English
datasets. Studies on Turkish datasets are not serious. The reason for this is the inadequacy of date
sets or the scarcity of researchers working in this field. There are many techniques for detecting
and renoving spam. These techniques can be grouped into two groups, namely artificial
intelligence and machine learning. Machine learning techniques are examined in two groups as
supervised or unsupervised. However, it is supervised learning that is widelpnasedo
detect whether anreail is spam or regulamail, a large data set must be prepared as spam and
regular email, with each document labeled according to its class.

In this study, it aims to contribute to the spam filtering studies ancereirkt by
determining the most successful classification algorithms and feature selection methods using a
Turkish and English datasets available in the literature. In order to classify Turkish and English e
mails as spam or normal, firstly, a TurkishEagtish email datasets containing tbased spam
and normal-enail samples were used. Then, the content of-ezahweas analyzed and different
words or terms appearing in eaaled were found. After applying some preprocessing technigues
to these wals, scores were assigned with three successful feature selection methods, Gini
Index(Gl), MaxMin Ratio(MMR), and Extensive Feature Selector (EFS). The feature vectors
obtained by these methods are classified by two successful classifiers.

E-mail Systemand Spam Email

Electronic mail ¢enail) is the name given to an electronic message, usually in the form of a
simple text, image or video, that a user sends to a computer and forwards it to another user who
can read it over a computer netWAlkinyaprak, 2006mail messages consist of a header and
a body. The title includes the sender, retigebject, and date. Spam are messages sent in bulk
by strangers, malware, or bot accounts. These can also be defined as messagesikent to e
accounts without the request of the person. Unwamtailsecan be used for purposes such as
advertising, motion and propaganda, as well as for purposes such as stealing personal
information and crashing companies' systems. When we look-atadleiceresses in daily life,
we encounter dozens of advertising messages every day, and some of them comes$esn add
we do not know. In addition, some spam messages may send viruses orazmguitey links
to capture our personal information and bank account information. They can steal our information
when they copy trusted web addresses and make us tru&ntitber.reason why we face spam
today is the email trade. Companies that offeileservices usually offer it for free. However,
while providing this service, it can provide access to many data, especmlly addeess.-E
mail addresses belongiagrttillions of people are marketed to different businesses and cause us
to receive unsolicited messages from companies we do not know. While companies are always
looking for ways to communicate with their customers more accessible, cheaper or faster, they
offer all three with the-mail service available on the internet. In this case, the marketing of email
addresses is one of the reasons for the increase in spam. Today, many different methods are usec
and new techniques are being developed to filter led@Bpam)-eails. Some of these methods
are Word Filtering, RulBased Filtering, Blacklists and Antivirus Scanning.

There are some common features when examining spam. These are;
A The contents are up to date.

A They can t al k ashkforihe enhilioba forwdrdecetd manygeoplea n d  a
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A Often their content is misleading.

A I't is sent for promotional pur poses.

Related Works

Although there are many studies to filter spam written in EAghséd, 2020; Sharma and
Kaur, 2016; Venkatraman et al., 2G18h studies are relatively few with TyRedteturk and
Akay, 2020; Ergin et al., 2012; Ozgur et al.,, 2004pglutinative language with ahnmicre
compl ex morphol ogi cal structure t h@®nurEtngl i st
al., 2004yused a rooting operator ¢tassify Turkish emails and applied two different classifiers,
with a success rate of approximately 90%. Tunga ard ®igkn g © r  a n dprogoged t E k ,
methods based on thegram method and the firstwvord heuristic. The best success rates with
their approach were about 97% for a Turkish dataset. In the study(Afesie2014){wo
different contenbased filtering methods were carried out using the supervised learning algorithm
Support Vector Machines and the unsupervised learning algorithm Gaussian Mixture Models, using
both Turkish and English datasets. Deniz @ealiz et al., 201%ttribute extraction was
performed using the TurkishEmarhail dataset and algorithms belonging to the Doc2Vec library
were usé. Doc2Vec includes two different algorithms called Distributed Bag of Word (DBoW)
and Distributed Memory (DM). Classification was made with six different pattern classifiers. The
highest performance DBoW+DM feature selection and support vector machine feaming
resulted in a score (Kdram@l8oglT & &h, 20k8aed  analyze a o K1
the content information ofmails written in Turkiskyp determine whether thesmails are spam
e-mails and to classify them with the help of Naive Bayes Classifier and Vector Space Model, one
of the machine learning methods. Both methods were subjected to different evaluation criteria and
their performanee wer e compar ed. Experi ment al resul t:
Bayes Classifier method compared to Vector Space Model. Unlike other studies, Kaynar et
al(Kaynar et al., 201oposed an automatic enceblased deep learning machine, which is one
of the modern machine learning approaches for the classification of spam. Autoencoders are
actually multilayer sensors where the inputs and outputs have the same dataset.riitsngassifie
the automatic encoder deep learning machine has been shown to have an extremely high success
rate of 98% accurate classification. Erginetgih et al.,@L2)applied a Turkish argpam filter
to identify texbased Turkish spam emails (junk or bulk email). In the study, a database containing
spam and normaidraail samples in Turkish was created. The content of@adhixas analyzed
and different wals from all enails were identified. The content of eactakwas analyzed and
different words from altmails were identified. Then, a Turkish root extraction function was used
to obtain the root forms of different words. Mutual Information (MI= Mirté@mation) scores
of different words were calculated, so that two types of feature vectors were created according to
the MI scores. After this process, binary and probability based models of Bayesian classifier were
tested and success rates of binahypesbability based models were compared.

In addition to the Turkish spam filtering studies, there are also Engdishleering studies
in the literature. In one styBenuka et al., 201§)am classification in the proposed system was
carried out using the Naive Bayes classifier, which is a conditional piodsdxlifyrobabilistic
classifier applicable to more complex classification problems. The application of feature selection
using Hybid Ant Colony Optimization also serves to be efficient and yielding good results for the
system proposed in this study. Venkatraman(¥erddatraman et al., 203@pposed the
integration of the Naive Bayes classification with the conceptual and semantic similarity technique
to combat the uncertainty posed by polysemy in spam detection. To aneffeitlemess of
the approach, experiments were performed on comparative datasets such as Spambase, PU1,
Enronl and Lingspam. It is clear from the experimental results that the proposed system achieves
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a higher accuracy of 98.89% than existing approbclaeather studBhuiyan et al., 2018)

related to Machine Learning Tegnes (MLT=Machine Learning Techiques) such as Naive
Bayes, SVM, flearest Neighborhood, Bayesian Additive Regression, KNN Tree and rules shows

a survey of the different email spam filtering system available. However, this study presents the
classificatiorgvaluation and comparison of different spam filtering systems and summarizes the
general scenario regarding the accuracy of the different approaches available. Bhowmick et
al(Bhowmick and Hazarika, 2Q)8ksented a comprehensive review of the latest@assful
contentbased spam filtering techniques. Their focus is mainly on machinebeasdrgpam

filtkers and their inspired derivatives. They came to the conclusion by examining techniques,
evaluation criteria and exploring promising branches datdst developments and making
recommendations for future research. SubagiSetbalsi et al., 20¥8pposed an approach for

spam filtering based on simple and better accuracy decision tree algorithms. From the experimental
results, the proposed random forest classifier outperformed other decision tree methods for public
datasets.

Feature Extraction

The word bagpf-words (BoW) approafth et al., 2020)s one of the methodssed for
feature extraction in text classification studies. In this approach, the order of the terms in the
documents is ignored, while the frequency of their occurrence is used. Therefore, each unique word
in a text collection is considered a differenbate. As a result, a document is represented by a
multidimensional feature ve¢Rarlak and Uysal, 202lk) a feature vector, each dimension
corresponds to a value giged by term frequency (TF) or term frequean®rse document
frequency (THDF)(Parlak and Uysal, 2018)

In addition, it should not be forgotten that someppoeessing stefigysal and Gunal,
2014)are necessary for performance during feature extraction from text documents. Commonly
used preprocessing steps are the "removal efvstdg” and the "stemming" algorithm. In this
study, both pr@rocessing steps wer@kgd. For stemming, ZembefeR k En  a n dand k En ,
Porter stemméPorter, 1980algorithm and term frequerAoyerse document frequency {TF
IDF) were used as weighting approach.

Feature Selection

In addition, it should not be forgotten that someppoeessing stefigysal and Gunal,
2014)are necessary for performance during feature extraction from text documents. Commonly
used preprocessing steps are the "removal efvstdg" and the "steming" algorithm. In this
study, both pr@rocessing steps were applied. For stemming, Zetmi#ekelE n  a n dand k E n ,
Porter stemmé@Porter, 1980algorithm and term frequernayeise document frequency (TF
IDF) were used as weighting approach.

Feature selection techniques generally fall into three categories: filters, wrappers, and
embedded methods. Filter techniques are computationally fast; however, they usually ignore
attribute @pendencies. Filtbased techniques are widely preferred especially for text classification
field. There are many filleased techniques for the selection of distinctive features in text
classification. In this study, three different feature selechoigtess, namely Gini Index (Gl),
Normalized Difference Measure (NDM) and Extensive Feature Selector (EFS) were used. Table 1
explains the notations in the formulas of these methods. Also, the methods are detailed below:
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Table 1 Notations ff@ature selection methods

Notation Meaning

p(tj6 )  Probability of termwhen clas8 exists

pOl6)  Probability of absence of tetinhen clas§ exists

p(tj6)  Probability of absence of of termhen clas8 does not exists
pOl6)  Probability of termiwhen clas8 does not exists

pO |t)  Probability of clags whent term is present

pG|t)  Probability of absence of classvhent term is present

pO | &  Probability of clags whent term is not present

pOG|d  Probability of absence of classvhent term is not present

Gini Index(Gl)

Gl is animproved version of the method originally used to find the best feature distribution
in decision tre€Singh et al., 20100 is an accurate and fast method. The formula is as follows:

. . 1)
00 006020 6@

Max-Min Ratio(MMR)

MMR(Rehman, Javed, Babri, & Asim, 2018) probiektsr performance on datasets
including highly skewed classes. The method is a combination of true positives, false positives and
their differences. According to the method, the feature score is calculated as follows:

C o ax 2)
06y UL OO P -

- JAD 06,0 06

LU YO ——
I E O 06,0 00

Extensive Feature Selector(EFS)

The EFS methd®arlak and Uysal, 202kJects more important features by using both
classhased and collectirased probabilities of the feature. Its formula is a bit more complex than
other methods:

b 8 o (3)
'O “O“U 5 5 o o) 5w 7w
(Vo]

Datasets

I n this st ud(#rgin ed dl.u20K3nd "BErifomlfUydaléand Gunal, 2014)
datasets were used. There @ogahof 800 enails in this dataset, which consists of normal and
spam amails in the Turkish dataset. In the English dataset (Enronl), there aradils/ia éotal
in this dataset, which consists of regular and spaarise The distribution of tramg and test
data of these datasets is given in Tablee2ow.
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7able 2 Turkish Email Dataset

Train Test
Ham 300 100
Spam 300 100

Table 3 English Email Dataset

Train Test
Ham 1836 1836
Spam 750 750

Classifiers

In this study, it is employed two successful classifiers. These classifiers Multinomial Naive
Bayes(MNB) and Decision Tree(DT).

A particular naive Bayes classifier called MNB was created specifically for classifying texts.
This naive Bayes classifiersnémodel was specifically represented by the multinomial term. For
text categorization, multinomial and ruatiate Bernoulli event models are frequentl{Arsex
et al., 2016)The way a portion of the formula is calculated varies across multinomial and multi
variate Bernoulli event models. Mudtiiate Bernoulli event model employs docufreguencies
in this calculation, whereas multinomial model considers term frequencies.

The widelyused DT classifi@uinlan, 198&)reates a hierarchy of decision rules from data
automatically. Each path in the tree structure used to express these decision criteria leads to the
assigment of a class label. After making Yes/No decisions along a path of nodes inside a tree
structure, classification is carried out. One of the most effective decision tree classification methods
is C4.5.

Experimental Study

Different sized vectors of theatures selected by each selection method were fed with
MNB and SVM classifiers. Stoprds removal and stemming were applied in the experiments.
The widely known Zemberek algorithm has been implemented as a stemming algorithm for
Turkish dataset. Also, far-stemmer algorithm has been employed as a stemming algorithm for
English dataset. In this study, GI, MMR and EFS were used as feature selection methods. The total
number of features was 18650 and 27521 for Turkish and English datasets, respeetezly. Ho
in terms of size; dimension reduction was performed by creating 100, 250, 500 and 1000 feature
vectors. In addition, the F so@eutte and Gaussier, 200)s used as a measure of success.
This score is presented predwantly, not in a claspecific form. The-Bcores obtained are listed
in Table 47. The best ones in the results are shown in bold.

Given the highest weighted average F scores, it outperformed the Gl, MMR, and EFS
methods overall in most cases. In th&i$hdataset, Gl has the highest performance in the MNB
classifier, while MMR has the highest performance in the DT classifier. However, the methods are
more successful when the feature size is low in the MNB classifier, while the methods are more
successit when the feature size is high in the DT classifier. In the English dataset, EFS has the
highest performance in the MNB classifier, while GINI has the highest performance in the DT
classifier. However, the methods are more successful when the featiregtizn the MNB
classifier, while the methods are more successful when the feature size is low in the DT classifier.
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7able 4.F Scores for Turkishdtl Dataset with MNB Classifier

Turkish Email 100 250 500 1000
GINI 0.977 0.940 0.930 0.930
MMR 0.970 0.925 0.935 0.915
EFS 0.970 0.940 0.915 0.930

Table 5.F Scores for Turkishdd Dataset with DT Classifier

Turkish Email 100 250 500 1000
GINI 0.950 0.960 0.970 0.965
MMR 0.955 0.965 0.975 0.970
EFS 0.960 0.965 0.970 0.965

Table 6.F Scores for Englisielt Dataset with MNB Classifier

English Email 100 250 500 1000
GINI 0.877 0.904 0.916 0.921
MMR 0.869 0.901 0.918 0.917
EFS 0.884 0.902 0.916 0.923

Table 7.F Scores for Englisialt Dataset with DT Classifier

English Email 100 250 500 1000

GINI 0.911 0.897 0.889 0.889

MMR 0.888 0.893 0.880 0.871

EFS 0.894 0.888 0.890 0.890
Conclusions

In this study, the performances of two widely kndessifiers were extensively analyzed

Spa

using three different feature selection methods. This analysis was carried out on datasets consisting

of Turkish and English-reail documents. Experimental results were obtained with the
combination of MNB classifienc Gl Feature Selector of the most successful scheme for the

Turkish dataset. For the English dataset, the most successful schema was obtained with the

combination of MNB classifier and EFS Feature Selector. As a future study, a newntaitkish e

datasein this field will be gained and analyzed with different attribute selection techniques.
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Rised Q02 And Climate Change Effects On Wheat
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Introduction

Shortwave radiation from the sun, retainedoagrwave radiation in the earth and
atmosphere; dispersed on earth by ocean circulation and given back to the atmosphere as ground
radiation. Part of it absorbed by clouds and greenhouse gases in the atmosphere and released bac
to the atmosphere. In thigy the earth's surface and the lower atmosphere are warming. Earth
warming more than expected this process, which provides and regulates the heat balance, is callec
the natur al greenhouse effect (T¢r kegiobal S¢ mer
climate change as a result of the strengthening the natural greenhouse effect of the rapid increase
in greenhouse gas accumulations released into the atmosphere increase in the average surfac
temperature of the Earth and reveals changes in climate.

The average temperature of the earth and water bodies has been increasing since 1861. The
increase is around 0.8 AC during the 20th ce
was the warmest decade and 1998 was instrumental measuremestdtdeasas the hottest
year of the process. Every 10 years betweeil 995€he average dailghtly maximum surface
air temperatures increased by@.Zhe specified increase i&®Higher than the 3@ear increase
in the daily maximum temperatwaedo much. The prolongation of fréite seasons in many
mid and high latitudes seen as a result of temperature increase. Since 1880, the temperature of the
Earth has risen by 0.08 AC per decade, but s
than twice that, to 0.18 AC per decade ( NOA;
2021 was the sixthiarmest year ever. Nine years between 2013 and 2021 are among the ten
warmest on record (NOAA, 2022). Clearly indicates that the negativefdftentn actions on
the climate in recent years shows its effects (Figure 1). The extraordinary development of the
industry in recent years and increased use of fossil fuels, incressmgsiins; 120 years of the
past the increase in temperature duha last 20 years of today.
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Figure 1. Annual surface temperature as compared to the average fordd@2201tReenbans (1880
reflect years that were warmer than normal, and blue bars show years that were cooler than usu
Climate.gov graph, based on data from the National Centers for Environmental Information. (NOA/

In this context, Turkey is at risk for the potential effects of global warming group of
countries. The most striking changes observed in Turkey clzaddig increases in summer
temperatures. Summer temperatures, mostly, increases in the western and southwestern regions
In addition, the last 50 years the amount of precipitation on the western provinces of Turkey in
the winter season decreased (Kapean i z & Tayan-, 2000) .

The last 70 years, according to the data recorded at the meteorological stations, the increase
in annual average temperatures in Turkey tends to; especially in the Mediterranean and Southeas
Anatolian regions increase between@3¥degrees every 10 years (WorldData, 202200330
in a study using Masdendall trend analysis S|gn|f|cant increases in annual average temperatures
in the ¢ukurova region (Kapur et al ., 2007)

Agro-economic systems (agriculture, foyedisheries and water resources) are vital to
human development and is highly sensitive to climate change. The annual average increasing
temperature will enhance desertification, salinization, erosion and thus, aridaaittiesens.

The type of cropyield and growth time and duration are determined by atmospheric conditions.
Within this context, wheat is a crucial plant that needs to be protected from the harmful impacts
of climate change. It occupies 15% of the world's agricultural areas argigs®vafehe protein

and 20% of the calories needed for food. Turkey, which meets 3.6% of the world wheat production,
is among the most important wheat producer and consumer countries in the world. Wheat is
cultivated on an area of approximately 9.5 mikotares in our country. Although it changes

from year to year in production, it is around 20 to 21 million tons. An average of 225 kg of wheat
per year is required to feed one person considering that, for our 80 million population
(OECDI/FAO, 2021).

Posgble effects of global climate change on wheat crop

In wheat, a positive effect could be seen due to the increasewhe®Gt transfers the
growth which affects positively to the expanding leaf area. Thus, the plant receives more light and
CO,, positivey affecting its development. This positive development, in additiop te@éhds
on the competition for light, water, temperature and plant nutrients (Gifford & Morrison, 1993).
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However, in the field, such a high increase in yield should not bededpetdethe competition

in the field. The positive effect of &ah the development of wheat decreased due to the limited
water and plant nutrients, decreased aeration in the plant root zone and increased salinity levels.
With these limitations, the plant negativly effected and could not responde to the posiive effect
CO; and this is known as the plant's capacity to use assimilates (Sink Effect). Root development
acts as a depot for photoassimilation and thus, the reason for the limitation of plant growth
depends on the limited storage of roots. Stitt (1991)sréhatdahe limiteghytosythesidespite

to the increasing GQevel attributed to the effect of deficit root storage capacity. Thus, plant
responses determined by lbagn, experimental studies could be explained according to the
capacity of the plant,hieh depends on the plant variety, development process and growing
conditions.

Due to the increase of G@nhanced plant growth and leaf area also causes a rise in the loss
of CO; by respiration. As a result of this, more larger plants, in other \eoidshat grow faster,
so that more respiration they do (Gifford & Morison, 1993). Another negative effect is the plant
shading itself. Allows larger leaf surface area to benefit from more light however, increasing leaf
sizes shade each other. Thus ghisaes the photosynthesis in the unit area. All these positive and
negative factors combined effects reveals the actual vegetation growth rate was positive in the trials
against the COncrease (Reddy & Hodges 2000). Table 1 displays the anticiptaenhefieeat
yield under two fold CLlimatic scenarios developed using global circulation models, taking into
account the studies that are currently published worldwide.

Table 1. Wheat production with Global Circulation Model in conditonsedso(BIECQ001).

Region Yield Change(%) | Countries
Europe -10 to +10 France, UK, and Northern Europe
South America -61to +5 Argentina, Brazil, Chile, and Mexico

Former Soviet Union | -19 to +41

North America -100 to +234 USA andCanada

Africa -65 to +6 Egypt, Kenya, South Africa, Zimbabwe

South Asia -61 to +67 Bangladesh, India, Philippine, Thailand, Indonef
China -78 to +28

Asia -41 to +65 Australia and Japan

Effects of CQand possible C{ncrease on plant physiology and productivity

The effect of the rised GOn the plant is varies from the microscopic level (at the cell level)
to the macroscopic agegosystem level. The study of the increase leve} of C®crops such
as wheat isomplex to explain the physiology and the process. Photosynthesis, respiration and
transpiration is one of the most important processes which the plants are directly affected by the
increase in COSome of these primary effects is positive; some willdgmateve effects on wheat.
The general effects of increased @®the plant are schematicly illustureted in Figure 2. With
increasing carbon dioxide, if plant nutrients and climatic factors are suitable an increase in yield
could be possible. However, hplants respond to increased carbon dioxide under restrictive
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conditions will depend on the level of negative conditions. Examining the level these interactions
of possible changes are very important in determining the adaptation approaches.
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Figure Z'he response of plantsdor€éntration (Bazzaz, 1990).

Photosynthesis and respiration

The net relationship of photosynthesis and respiration between the atmosphere and terrestrial
ecosystems which is clearly known that it affeadgélsion of carbon flow.

Photosynthesis: Despite the rise in atmosphericiCi® thought that this increase may
benefit agriculture if changes in temperature and precipitation regime do not actually.occur. CO
is an absolute requirement for photosyanshend life on earth. The increased @@centration
in the atmosphere, enhance the @centration differences between the atmosphere and inside
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uptake of CQ@by diffusion and thus, chloroplasts.@f@usion increases in leaves and conversions

of carlmhydrates rised. In C3 plants, including wheat, the increasgimtréases the rate of
photosynthesis at both leaf and vegetation levels (Lemon, 1983; Acock & Allen, 1985; Drake &
Leadley, 1991).

Due to the different photosynthetic mechanisms of theq@acies to C{ncreases causes
different respond. In some species, photosynthesis takes the C3 pathway. The reason why this
pathway is called the C3 is because the first formed in the biochemical process phosphoglyceric
acid which has three carbonsotimer species, this path is conversely, since the first product has
four carbons, the C4 path and called C4 plants. The C4 plants affected less than C3 plants versus
CO:increase in photosynthesis action as reflected in Figure 3 (Akita & Moss, 1973).

100 |

Wheat

Photosynthesis (mg COz2dm-2 hr-1)

1 L 1 I
0 200 400 600 800

COz2 concentration (ppmv)
Figure 3. The rate of photosynthesis in maize and wheat change depending on CO2 (Akita & Mos

Respiration: Photosynthetic carbon uptake response to atmosphari@ai@@s can be
easily understood and modeled at many scales. However, the mechanism of respiration change
versus to C@increse (in a short tinsecond or minute; long in the proessasonal) is less
understood. Photosynthesis, growth and substratsesia enhance the respiration rate per unit
area. This situation could be explained as the higher biomass requires higher energy support to
grow. On the other hand, increasing levels efi€e atmosphere could reduces the level of
CO:; that releasediav respiration (Amthor, 1989). So these two opposing effects interaction is
unknown. Some researchers think twice the do@centration reversing the outward, net
movement of C@in plant tissue found to decrease. Some researchers also found that increased
CO;concentrations increased Qe efficiency on phytosynthesis (Gifford & Morrison, 1993).
In addition, increasing G{@vels in wheat, in the long term, contratteatition studies and field
trials demonstrating reduced respiration Reddy & Hodd@%y. (B@wever, today shoerm
metabolic changes has not been fully determined with the relations intérenlang permanent
changes.

Climate adaptations of photosynthesis and respiration (aclimation): Depending on the
increase of CQOevel cause ancirease in the rate of photosynthesis however, it is stated that this
initial reaction will decrease in the long run (Stitt, 1991). An organism's adaptation to changing
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environmental conditions is often inherited (Hale & Orcutt, 1987). Plants adapt dfie rate
photosynthesis and respiration to high, G®els. However, adaptability of the plants is
insufficiently defined today. Photosynthetic adaptation causes a decrease in Rubisco enzyme
production. This process is more linked with the high levels ofychdieh in the leaves (Stitt,

1991). Another important factor affecting the photosynthesis rate of the plant is depends on the
effectively storing capacity of photosynthesis products as refered physiological capacity. In other
words, higher persistence@hbbtosynthesis at high levels, or continuous/stable formation depends

on the biomass storages such as fruit, tuber and grain. These depots provide increasingly fixed
carbohydrates. Even in the process of adaptation level, photosynthesis is geneeslgsrttiea

CO; concentration increase in the atmosphere. On the other hantbriorgdaptation is
necessary for photosynthetic capacity and respiration (Reddy & Hodges 2000).

Stoma resistance and water use efficiency

Another important physiological effe€ CO; increase is on the movement of stomata is
the effect. C@absorption from stomatal pores on leaf surfaces and water vapor is released. In this
context, due to atmospheric O@crease, transpiration level may decrease. A 30% decrease in
conductiiy stoma was detected in a double @&ease environment. (Cure & Acock, 1986)
(Table 2).

Table 2. Percentage change in transpiration in plants aga(B880mpmeaS&idtease) (Cure &
Acock, 1986).

Reaction Type Wheat Barley Rice Corn
Transpiration -17N 17 -19N 6 -16N 9 -26N 6
Type Reaction Sorghum Soy Beans Cotton Potatoes
Transpiration 278 16 -23N 5 -188 17 51N 24

Thus, the water use efficiency (WUE) is increased by this two fold increasegatksD,
it will cause a decrease in transpiration. WUE is defined as the biomass rate to the water lost by the
plant through evapotranspiration. Proportionality rise eb@€zts positively C3 crops such as
wheat under limited irrigation conditionarntithe sufficient water conditions due to smaller
stomatal openings of C3 plants. Increases betw&6A%0n water use efficiency in wheat which
was determined by Kimball & ldso (1983) and Morison (1985).

At the leaf level, in the conducted studiesfiyrdifferent plants, COncreases effects C3
and in C4 plants on gymnosperms, angiosperms, monocotyledons and dicotyledons as different
stoma responses (Morison, 1985). However, an increaseirhi@@tomatal behavior associated
with the reductionral the related physiological mechanism not fully understood. Contrary to past
information, the stomata of C3 and C4 plants in a linear relationship against the, hitielaS©
and that, on average, both C3 and C4 plants have showed a 40% decmreasal iopEning to
double CQincrease. (Figure 4.) (Rosenzweig & Hillel, 1998).
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The stomatal response to the increase ywv&@@s according to mafactors. These are
leaves age, light intensity, atmospheric humidity, and temperature (Morison, 1985). Determining
the stomatal response with the relationship betweers @@ficult because of the interaction
between Cg) temperature and plant hormones. The relationship between stomatal regulation and
gas exchange also presents similar difficulties for the explanation.

The closure of stomata and the parallel as aackdetireased transpiration and latent heat
loss associated with the leaf temperature increase is a well known aspect. Leaf and vegetation
temperatures under controlled climate chambers inci@aséA\lC d e p e n drinoregpseon  t h
(Chaudhuri et. al., 198@so, Kimball & Mauney, 1987). Reduction in transpiration associated with
closure of stomata ([B35%), is not equal to the decrease in stomatal conduction (40%) (Allen,
Jones & Jones, 1985; Morison, 1985). The reason for this is the increased ueporguieste
leaf, partial it increases the vapor pressure gradient from the leaf to the air in order to compensate
for the decreasing conductivity. Thus, the leaf temperature is also increases the metabolism and
leaves (including respiration and phygicdl development) causes tissue aging.

The relationship between photosynthesis and stomatal movements can be considered at
three levels. These can be considered as leaves, plants and vegetation. At the leaf level, certair
increased transpiration efficg (photosynthetic water use) as a result of the increasg in CO
increases net assimilation between-@@@% with a decrease in transpiration (Morison, 1985).

At the plant level, photosynthetic water use efficiency do not increase as much as water use
efficiency during longer growth periods. This is caused due to the photosynthetic adaptation,
adverse temperature effect, amount of product and transpiration. Under deubtze@Sed
conditions, Morison (1985) reported a plant growth increase of &adag8ther with a decrease
in transpiration, in which case both factors mentioned (plant growth and transpiration) water use
efficiency in the plant between 70% and 100% increases.

At the vegetation level, the water use efficiency in the field is péanied area biomass
accumulation to the total water level used by plants in that area (ETc) ratio. The total amount of
water used by the plant directly affected byir@@ease but by vegetation cover and plant water
uptake both affected by stomatalusicins and soil evaporation and transpiration.
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Another change in the hydrological regime under increasirgpi@ions is the water
balance interaction due to the increase of leaf area. In arid environments this cause a direct
transpiration rise signdiatly. Thus, at the vegetation level at the field, on the water use efficiency
more complex relationships and effects occur. With doubledc€ase, the increases in WUE
causes increase by approximately 30% to 50% in products and vegetation.

Biologicalield and grain yield

Increased photosynthesis at high atmospheric cGrentration provides increased
biomass accumulation as expected (Kimball & Idso, 1983; Cure & Acock, 1986; Poorter, 1993).
With a doubling of COn trials under controlled conditiqteday 350 ppm), yield levels of plants
such as wheat differs. Response (yield level) of most plants is positive, but small some of them
were negative (Table 3). Some researchers have conducted their experiments to verify controlled
conditions (Lawlor & Nthell, 1991; Hendrey, 1993).

Table 3. The rate of the yield change in different crops agai#st chargsi(8PCPpm CO
increase) (Cure and Acock, 1986).

Wheat | Barley | Rice Corn Soy Cotton Potato | Dessert | Weighted

Beans potato average

+35N|+70N/+15N/+29N|+29N+209N+51N|+83N|+41

Response to increased L£dfferent plants and even different varieties of the same plants
varies. Varieties of the same cultivar different response te @pending on the genetics of
plant varieties, experimentation technique and to the pattern. C3 and C4 photosynthetic pathways
seem to be the general variation reason for differences between plants.

Biomass formed in the crops is the difference bephegosynthesis and respiration via
accumulation in the form of carbon products, plus mineral accumulation. Therefore biomass
increase parallels concurrent to net photosynthesis impact as expected. On the other hand, under
real conditions, plant nutrierttse amount of soil water content and other factors, should also be
at an optimum level. Example;the promotion of root and vegetative parts growth means additional
resource use. This on the contrary, increased carbon assimilation makes nutrientgtinere restr
for growth. Growth at low temperatures is probably not by assimilation, rather it will be limited by
its photosynthetic capacity. If these factors are sufficienhc€ase could rise the wheat yield
from 0% to 40%. Earlier field studies found tdleaibling CQcould be increased to 30%, and an
increase of 20% can be achieved by quadrupling. In trials simulating field temperature in England,
The biomass value of winter wheat is betwei%?5with a doubling of G@nd if theCO; level
is doubledn graduated temperature tunnels, the reaction was be®4éeérflawlor & Mitchell,

2000). Nine regions in Europe under Open Top Chambers (OTC) 25 studies were conducted with
wheat, starting at 10% 60,320 OQmol / mol encour agels#&mdomass
regression analysis using all/l d a-graundrbienfiasse c t s
increase detected (Lawlor & Mitchell, 2000).

Wheat's response to increased carbon assimilation is resilient and all plant organs could
growth. The maistems are usually the least affected organs which is also mentioned by Kapur
(2010) for the wheat under climate change effects. On the other hand, tiller growth and viability
and root growth were the most encouraged are organs. However, the leaf raredyethof
grains per spike and the grain weight was determined by the variety and environmental conditions.
From risedCO, the grain yield increase is similar with the increase of the biomass. Reproductive
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period in comparison to the vegetative gromtioggrain yield is more sensitive to biomass
production, especially during flowering. Summer wheat variety Minaretsiten@TiC trials
reveals 11% grain wei €@enridhmentr heses resuls are siniladd 0 O
which obtained on the wheat variety Mersia (Lawlor & Mitchell 2000).

Kimball (1983) investigated the effec0f on wheat in more than seventy studies on pot
experiments, yield levels also increased around 90% sitidies. These increases are varies
between 400%. Although a few negative results were mentioned, but the reason was not
disclosed. Gifford and Morison (1993) stated that the negative results of the experiment are due to
the mixing oCOxwith other gses such as ethylene may be a decrease in yield. Kimball (1983) and
Cure & Acock (1986) found that C3 plants on average yields were reported with a twofold increase
in CO; an increase of 35% yield reported. On the other hand, this increase was deiétted as
C4 plants. For C3 plants, this means biomass of 0.1%/ppmv inckeé@sege. The increase in
C4 plants is not directly related to photosynthesis, may be due to the improvement of the efficiency
of water use. Despite several trials on yieldygtiadiincrease @O, appears to have little effect
(Reddy & Hodges, 2000).

In general, the increase in wheat yield, tillering and more depends on the grain (Lawlor &
Mitchell,1991; Kapur, 2010). Experime@ta} increase also changes in organs were observed.
These changes are related with the stem and root length, the ine&iaaeeamand thickness.

If not always also, generally increased leaf thickness, which is due to increased starch levels
and the specific leaf surface area (Reddy & Hodges, 2000). These two effect could reduces the
potential assimilation of unit leaf ati@edowering the rise of photosynthesis (Rosenzweig & Hillel,
1998).

Temperature and possible temperature rise effect on plant physiology, growth and yield

High temperature stress processes in plant is the least understood subject. Soil and air
temperatugs although they are not simultaneously rise often show a high level of variation.
Therefore the roots and branches grow in changing environments. The metabolism of field crops
is highly affected by these environmental temperatures. Significantly ta¢urengitects the
crop morphology, degradation of photosynthetic products andbraoch ratio. 'Critical
Temperatures' that used in the empirical description of plant growth, covers the average minimum
and maximum diurnal temperatures and the tota¢tatape above a certain limit as well as in the
growth period. Different physiological processes and plant development periods have different
temperature responses (Reddy & Hodges, 2000).

The effect ofCO, increase on plant growth has been studied exlgnsiowever, the
interaction ofCO, with temperature increase in this regard has not been well studied. Genarally
the studies covering the effect of temperature change in controlled environments taking into
account without nighttime changes. In the, fretth temperatures are often associated with high
radiation and increased water requirements and thus, it is difficult to understand the effects of
climatic factors separately on the plant (Reddy & Hodges, 2000).

Global climate models over the growthagakof any plant, gives the number of days in the
season that the total temperature and tolerance limit value required will be exceeded. This reflects
only the potential effects of high temperature on the amount of yield (Reddy & Hodges, 2000).

Effect of Emperature on physiological processes
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High temperatures mostly in modarate climatic regimes is expected to decrease the yield.
This type of damage in plant production systems is difficult to detect and temperatures are generally
within out of optimal rangan many agricultural regions. For example, optimum growth of wheat
temperature is 1%®& as the period average, however, in the Great Plains in the USA. It is also
grown when the daily temperature maxima reach@gl@&ng the grain fillifgrocess (Paulsen,
1994).

Plants balance the temperature rise;viavglength radiation and heat energy by spreading
through transpiration and close their stomata when exposed to drought stress (Gates, 1980). These
closures reduce transpiration and, asudtythe cooling effect of water loss disappears, so plant
temperatures increase. Thus, water and temperature stresses often occur together and they affect.

Hot dry winds (North African Sirocco or Middle East Chamsin) often increase high
temperature dama. Temperatures betweerb8% for at least 30 minutes are damage the leaves
many environments. Even if temperatures of arourl@ 3hd 40°C last longer, they show
aproximately the same effect (Fitter & Hay, 1987) and abtvdefiperatures also atf¢he
closure of stomata (Shibles, Anderson & Gibson 1975). Considering the effects of high
temperatures on major crops such as wheat that vernalization is reversed in temperature periods
of 30°C and above for more than eight hours (Acock & Acock, 1993).

Root temperature is more effective than above soil surface temperature because the roots
optimal temperature values are lower and to rapid temperature fluctuations shows less adaptations
(Paulsen, 1994). Reduction of metabolic substrates, increas atstioé respiration affects the
root activity and the other physiological processes negatively. Therefore, root growth and function
are highly affected under high temperature.Temperature affects the uptake of plant nutrients and
water, as well as themglacement of root carbohydrates. Prolonged high temperatures ultimately
result in completely stop the root growth.

The sensitivity of photosynthesis to temperature is higher than the respiration. The leaf
photosystem 1l (PS2) reaction center in theirapbllmsts and thylakoid membranes is very
sensitive and responds quickly to high temperature and high luminous (especially during the grain
filling process) (Paulsen, 1994).

I n many studies, net photosynt heverawidei n  wh ¢
optimum range as the temperature increases
Mitchell, 2000). Due to the nature of Rubisco, the sensitivity of net photosyntb€sigato
found to increase significantly with temperature. Optimmpetature with elevatedO,
increases by a few degrees. This is related with the kinetic parameters of Rubisco that due to
temperature and the proportional solubility Gi), and oxygen (£ This means that
photorespiration increases with temperaturembisé important effect of the climate change is
the higher temperature accelerates the leaf formation and aging, thus shortening the active
photosynthesis period (Lawlor & Mitchell, 2000).

Above a minimum limit value, the plants' resistance to risingaemgtnds to be positive
up to the optimum temperature value. Optimum temperature value is the maximum rate of plant
growth when all other variables are optimum. These other variables are humidity, aeration, plant
nutrients (BBM), light and CO2 of thevieonment (Fitter & Hay, 1987). When this optimal range
is exceeded, plants react negatively and significant reduction in growth and yield occurs (Fig. 5).
Different Optimal temperatures vary according to plants. For exampleaadsesgion plant
optimal temperature required by corn for photosynthesis is higher than the wheat and grows in a
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more temperate climate (Figure 6). Generally plants maintained the temperature of the leaves
according to the ambient temperature, if the usable water levieiensuff

Toptim um
p——

Plant Growth Rate

Tmin T

Temperature

Figure 5. The relationship between plant growth rate and temperature (Rosenzweig & Hillel,1¢

Net CO: Conductance (mg/CO2 dm? hr)

Temperature (C°)

Figure 6. Relationship between net photosynthesis rate and temperature (a: grass; b: wheat,c: me
lines indicate optimum(Rogenzweig & Hillel, 1998)

Rising temperatures increase the metabolic activities of plant cells, however, extremely high
temperatures can damage enzymes (Fitter &Hay,1987). Rapid reaction levels are useful up to a
certain level, above which temperatiaesiamage some plant processes. Balancing both effects
serves to determine the general response of the plant to the increase in temperature. Optimum
temperature above the range photoplasmic proteins, cellular enzymes and membranes decompose
and a cessatiam decrease in the rate of cytoplasmic flow occurs.

I n temperate zone varieties, respirat

i on
with the rise in temperature it reaches the
the respation rate is equals the rate of photosynthesis; and a net carbom ¢hodd not occur
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at this point which stops the growth. The net level of photosynthesis is obtained when the gross
carbon is subtracted from the respiration carbon consumptionel@henrwere reflected in

Figure 7 (Fitter & Hay,198Axcelerated respiration reduces net biomass accumulation and lowers
the efficiency of economical product. In an example given by Paulsen (1994), wheat grains was
reduced by the increased respirataidngh temperature levels. Under increa@gdonditions
respiration rate changes may partly contribute to reduce the photosynthesis. On the other hand,
plants have a certain respiration adaptation to warmer conditions, without an increase in rate
(Reddy& Hodges, 2000).
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Figure 7. The effect of temperature on plant photosynthesis and respiration and net production (Pis

The susceptibility of plants to high temperature damage may be affected vegetative and
reproductive development perioddferently by their prolongation. Especially during the
reproductive development of the plant the high temperatures could damage the plant. Possibly, it
can affect grain filling in wheat. In the Anthesis process and just before, the changes that may cause
many types of infertility, however, it was determined that wheat was less sensitive to this change
(Paulsen, 1994).

Low yield depends on low assimilation rates, accelerated plant development and shortened
daily temperature changes. High temperaturesaaarate ripening and effect the functional
quality properties of wheat. After reptimal temperatures in the main products negative effects
of rised temperatures, will be highethe doubleCO, scenario when the predicted temperature
rise reaches its upper limit, plant breeders must be to develop tertpiedatevarieties
(approximately €C temperature rise).

The effects of temperature on wheat phenology are more than the effects ef extrem
temperatures. Extreme cold can damage wheat; or late frosts promote sterility. During flowering
temperatures above freezing (lower than 5 AC
damage pollen formation. This, as a result, may reduce yeetdduaihg grain settling. Climate
change is likely can lead to low yields due to extreme temperatures; because of climate change dut
to the frequency of extreme temperatures, especially in short development stages to which plant
growth is sensitive, mayange over time (Lawlor & Mitchell, 2000).

As the effects of changing climate, winter death, vernalization, respiration levels and high
temperature stress may vary. High night temperatures can stop the accumulation of carbohydrates
of plant organs (Hall &llen, 1993), and thus, flowering and grain filling may be adversely affected.
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In some field crops, the tissues are resistant to low temperatures and thus they become more
resistant to the harmful effects of frost. Warmer or milder autumns waaliecestrength and
infrequent cold could increases the yield damage sensitivity in this periods. Some studies reveals
that 'Winter Deaths' may increase with warming scenarios (Mearns, Rosenzweig & Goldberg,
1992).

In some crops, such as winter wheat, bfobming' cannot occur without passing the
cooling period. This process is called 'vernalization'. In winter ss temperatures rise, vernalization is
negatively affected. Farmers can adapt to the change by switching to the 'summer wheat variety'
(Rosenzwgi 1985). This situation changes the marketing, processing and quality of wheat.

Rising temperatures during the night increase respiration so increase the use of plant
carbohydrates storage and thus yield decreased. This effect, limits some tropeldkdrop
agricultural areas. In a simulation study, the effects of the minimum and maximum temperature
changes were investigated by Rosenzweig & Tubiello (1996) and they reveal, the minimum
temperature increase negatively effects the wheat yield inAtmeotéSthan the maximum
temperature rise. Plant responses to adverse effects of climate change are variable, however if a
north-south section consideration, the southern part of USA has more negative effects due to
decreases in vernalization on wheat Rosgm & Tubiello (1996).

Effect of temperature on growth and development period

In mid and high latitude areas Increased warming could be beneficial as increase the duration
of the potential growth season. A prolonged potential growing season coulearyvédeving
in spring, accelerated growth and early ripening with the harvest. As a result, multiple cropping can
take place.

The main environmental factor controlling plant growth is temperature. High temperatures
generally affect the phenological dgveént of plants and accelerates maturation (Ellis et. al.,
1990). Shortened growth period of time due to rised temperature can reduce the potential yield of
annual crops (Rosenzweig, 1990; Butterfield & Morison, 1992). In this context, the length of the
growth period and the the total amount of light input is main determinants of the total dry matter
and yield (Monteith, 1981). Early plant growth in warm environments effects the potential grain
yield in the plant growth period (Paulsen, 1994).

With high tenperature, the lengths of all developmental stages are shortened. Especially if
the period from double ring formation at the apex to flowering is shortened more causes a decrease
in the number of grains of each spike and a decrease in grain yield Radiggs&2900). High
temperatures often reduce the number of leaves and spikes due to rapid growth (Paulsen, 1994).
Optimum photosynthesis temperature for wheat is betw@@AQ0vhereas it is 16 on average
for grain yield during the growing periods Temperature difference reveals the importance for
maximum yield for temperate plant varieties via photosynthetic activity and temperature process
in wheat (Paulsen, 1994). High temperature it also reduces the number and weight of grains that
can be hamsted. Figure 8 shows the effects of high and low temperatures (Acock & Acock,1993).
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Figure 8. Effects of low and high temperatures on plant growth and yield (E: Germination, F: Beg
development of plant organs for harvest, @ Begaméngaofumulation, H: End of dry matter
accumulation) (Acock & Acock, 1993).

Researchers have determined the need for thermal time for a plant during its development
period as various linear and nonlinear indices. Thermal indices are usuallstydexjrgewth’
(Thermal Time = Total Temperature defined as Growing Degree Days, GDD) and calculated
based on total daily or monthly maximum and minimum temperatures. Some of these have been
changed as day length, solar radiation and water stresqiditesalre used in calculating the
effects of seasonal temperatures according to plant growth, crop and geographical region.

Phenological development and growth processes of plants as seed germination, leaf
formation, growth and the beginning of the spéed are directly related to the temperature.
The plant total temperature need for each development period is called Thermal Time. Effective
thermal process cannot accumulate and plant growth cannot progress below from a certain base
or subtemperatureelel. Thermal time, accumulation level and plant growth level are increasing
with optimal temperature. A forementioned above this optimal temperature, basic process
accumulation and plant growth decreases and with the increase in temperature, themmccumulat
inhibited and accordingly the development of the plant stops.

Effects of temperature on biological yield and grain yield
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High temperatures shorten all development cycles. In this context, there is more limited time
to obtain resources such as the ligdter and nutrients, and thus biomass production decreases
with increasing temperature. The size of influence depends on which growth cycle is affected.
Because the maximum shortening of the growth rate period compared to the shortening of the
first growh peri od, has greater i mpact on bi omas:s
throughout all growth periods reduces the biomass of winter wheat 16% and grain yield by 35%
with greatly shortened growth period (Reddy & Hodges, 2000). Further moregaockeginr
(2010), vegetative parts (leaf, stem and root weight) per plant, under warm conditions increased
more rapidly than in cooler conditions with reached to the highest value early and consequently
the weight is lower in hot conditions than in cootltions. Generally, in the greenhouse trails
where the ambient temperature changes, the effects of increasing temperature on biomass were
more negatively detected. However, this situation varies greatly between seasons and varieties
(Lawlor & Mitchell, @00).

The negative effect of increasing temperature on grain yield is higher than on the biomass.
So the harvest index decreases more in rised temperature. This means that particular the grain yielo
is sensitivity to grain filling period. During the grainl 1 i ng peri od 1 AC i nc
shortens the time by 5% and thus, harvest index and grain yield Hetthéckidih temperatures
promote sterility in flowering period also this reduces yield. In open air growth chamber using
minaret summer whevariety trials at 9 different regions, statistical analysis, reflects 6% of grain
yield and biomass decreased for each 1 AC in
to maturity). Also these effects can be estimated very well with simuldét (brawlor &
Mitchell, 2000).

Water and possible drought effects on growth and yield

Precipitation is the primary source of soil moisture and in arid regions it is the major factor
that influencing the plant yield. An overall average precipitationeegiotzal climate model
results also reflect the potential changes of hydrological regimes in each location. A change in
climate parameters affects the total seasonal precipitation. In addition, also this situation affects the
seasonal distribution andeirseasonal distribution change. For plant productivity, the seasonal
distribution of precipitation degradation may be even more effective than the reduction in total
precipitation. Yield, beside amount of water, is also sensitive to potential deslynal ‘&I
variation.

Crop water stress depends on the cellular water activity, reduced energy potential in plants,
low cell turgor pressure, increased solution densities, decreased cell pressure and lost hydration of
tissues (Hale & Orcutt, 1987). Atidrthe cell expansion and division, cell wall formation, protein
and chlorophyll synthesis, and photosynthesis slows down. When significant water stress occurs,
the respiratory level rises, sugar and proteins accumulate and metabolism is disrufted (Fitte
Hay,1987).

As water stress increases, the potential osmotic pressure in plant cells decreases. This proces:
adjusts the regulation of turgor. Osmotic regulation allows cell growth at low water levels (Kramer,
1983). Conservation of turgor featurestterdowering osmotic pressure, deposition of solute
capacity, and elasticity properties of cells (Hale & Orcutt, 1987).

In the initial stages of drought stress, crop could be protected via turgor osmotic regulation.
If water stress persists, plants msg tbeir adaptive properties and yield levels are more likely to
suffer from drought, especially during the reproductive development period. In water stress, leaves,
which absorb water rapidly during the dry period can draw water from the grain (Rd&enzweig
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Hillel, 1998). Drought in leaves accelerates aging and leaf fall. The water tension during the
flowering, pollen release and grain filling phases affects the yield especially in wheat. In wheat, leaf
formation and spike formation are affected by watsss

Wheat studies on the interactiorC@k and drought under field conditions are quite a few
and can be summarized as follows (Bauer,1972);

a) In elevated GQ@pplication, the water use of the wheat plant is may decrease slightly in
moist environment, however, in dry conditions could increase slightly

(b) Stimulation of biomass and grain yield with elevatete@{3 to be greater in dry
conditions compared tmimid conditions.

CO,, climate change and wheat yield

CO, temperature and precipitation variations change the growing conditions of crops. The
physiological effect of increa&€dh on the plant may be beneficial to agriculture. Under changing
conditions,in environments where plant nutrients and water are not limited, the water use
efficiency and photosynthesis increased in the short pdowadser, in field conditions, there is
often a lack of water and plant nutrients and so productivity may natdrease (Rosenzeweig
& Hillel, 1998).

A combination of changes in key factors in plant physiological processes, understanding of
the reasons for the yield change is very powerful. In order to determine the effects of climate
change realistically, W@, more research is needed on the irtteralsetween temperature and
drought. Furthermore, conducting such studies for eackcagystem could give reasonable
results.
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Introduction

The study area covers ArdE-IE District an
Konya province. Previous studies were mainly stratigraphic and mineral exploration, and the
KEzEIl°ren Formation dol os amandKsbar\{26l5)etuded the s t u
KEzEl°ren Formation carbonates in detail (se
this study, the petrographic features of KE:z
thin sections were carri@at under a polarizing microscope for all samples and a scanning electron
microscope was performed for some samples. Alizagriasidvas applied to separate dolomite
and calcite minerals on thin sections of dolostone. Thus, the mineralogical aosypesitiral
properties, and depositional environments of the dolostones were determined.

In accordance with the purpose of the study, 3 measured stratigraphic sections were
measured from the KEzEI°ren For maevelsamthe s ampl
measured sections were correlated (¥zkan and

According to the petrographic characteris
unimodal, very fine to fine crystalline plan@ubhedral) mosaic dolomite, (2) medium teecoa
crystalline planar (euhedral) mosaic dolomite, (3) medium crystallinegp(en&edral) replaced
dolomite, (4) unimodal, medium to coarse crystallinplawoars-a (subhedralnhedral) mosaic
dolomite, (5) finerystalline planars (euhedraduthedral) mosaic dolomite, (6) polymodal
planare-s (euhedradubhedral) mosaic dolomite, (7) coaesg coarse crystalline Aaanarc
(cement) saddle dolomite and (8) defined as

Results

PetrographicPrpoper t i es of the Samples Taken from Kar
Stratigraphic Section (A)

The KEzEIl°ren carbonates at Karage¢ney Tep
continue as limestow®lostone alternation in the middle sections and continud@oate
towards the top after the dolomitic limestone, and end with limestone at the top. Considering the
mi croscopic properties of the samples taken

1 Assoc Prof. Dr., Konya TechnicalUniversity A . . .
2 AT11TcU -83A8 % CET AAOh dh 3Aglaeg OA ' i OATITEgE ' AT Al -1 AiC
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section, it was observed that they were dolomitic limdstastone (mudstone), dolomicsparite,
crystalline [

dol osparite,

and

mestone

Tabl el. Mi croscopic properties of
Allochems Orthochems
Calcite | Dolomite Name of the rock
Sample| content%| content | Fossil| Intraclast| Ooid | Pellet| Sparite| Micrite (Dunham,1962)
% % % % % % %
A-1 82 18 10 5 - 7 25 53 dolomitic limestone
A-5 85 15 5 - - 10 85 dolomitic limestone
A-9 92 8 9 - - - 7 84 limestone
A-20 94 6 7 5 - - 15 73 limestone
A-25 80 20 - - - - 100 0 dolomitic limestone
A-33 5 95 - - - - 50 50 dolomicsparite
A-41 91 9 - - - - 0 100 mudstone
A-57 8 92 - - - - 90 10 dolomicsparite
A-67 95 5 - - - - - 100 mudstone
A-85 82 18 - - - - 2 98 dolomitic limestone
A-120 7 93 - - - - 100 0 Dolosparite
A-160 91 9 - - - - 100 0 crystalline limeston

In thin sections, idiotopic, hibidiotopic, and

accor

sampl es

xenotopic textured dolomite crystals are

observed in the form @uhedrabubhedral and anhedral grains in sizes varying from micro to
coarse (Table 2).

Table 2. Textural properties of
Primary Dolomite Crystal
Calcite | Dolomite texture Shape
Sample, content%| content | preservabn Size Sorting Texture
% rate Eu | Su | Xe

A-1 82 18 Mimetic fine good yes | yes | yes xenotopic

A-5 85 15 Mimetic fine good - - yes xenotopic

A-9 92 8 Mimetic fine good - - yes xenotopic

A-20 94 6 Mimetic fine good - - yes xenotopic

A-25 80 20 norrmimetic fine good yes | yes | yes subhedral

A-33 5 95 Mimetic fine- kot ¢ yes| - yes euhedral
coarse

A-41 91 9 Mimetic fine good yes| - yes xenotopic

A-57 8 92 Mimetic fine- poor yes | yes| yes subhedral
coarse

A-67 95 5 Mimetic fine- poor - yes | yes xenotopic
coarse

A-85 82 18 Mimetic fine good - - yes xenotopic

A-120 7 93 non-mimetic fine- good yes | yes| - euhedral
medium

A-160 91 9 norn-mimetic fine good yes| yes| - subhedral

Eu: euhedral, Subhedral, Xe: xenotopic

sampl es t

As a result of petrographic examinations, it was observed that they were in the form of fine
to very fine crystalline dolomite (Figure daliitecemented brecciated dolomites (Figure 1b),
fine-to-coarse crystalline (polymodaduFe 2a) dirty, euhedral and subhedral dolomite rhombs,
mediumcrystalline, euhedral replaced dolomite (Figure 2b), subhedmydmydinecrystalline
dolomites (Figure 3a), subhedmlotopic, mediurooarse crystalline and mostly in the form of
dirty dolomites (Figure 3b), fine crystalline dolomitic limestone (Figure 4a) and crystalline limestone

(Figure

4b).
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Figure 1. a) Veryfine to fine crystalline, subhedral mosgifodsibfarmugiolomitic limestone. F:
fossil (PPL, SalAdalomitic limestone), b)-Calogeted brecciated (Br) délpariie ddfomicsparite
(df1) (PPL, Sa:-A7 dolomite)

Ve

yr B
'. -~ .‘h . . ‘
‘ 0.5 mm

Figure 2. a) Tiuoarse crystalline (polyr®&daytddral (E) and subhedral (S) dolomite rhomboids (PPL
Sa: A57 dolomitd) Mediuorystalline-8Jf euhedral dolomite rhombs (PR33;Skoldmite)

Figure 3. a) Foigstalline-{gf xenotopic dolomite (PPL-8Sadélomitic limestone) b) Subhedral
xenotopic, medioanse crystalliag éifd mogtiyty dolomite (PPL, Nt1:2A@; dolomite), C: calcite, D:
dolomite
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Figure 4. a) Fine crystalline dolomitic limestonel®® Llingsstdne), b) Crystalline limestone (PPL,
Sa: A160; limestone), C: calcite, D: dolomite

As a result of the SEMdanning electron microscope) examination made from a sample (A
33) taken from the Karagg¢neyt-mquiam anystaliseu r e d
subhedral dolomite crystals, and the EDX diagram is seen (Figures 5 and 6).

45 Ao i_(.’;\q.‘,

j~L*"“: - ‘fl—‘

Figur®. Finenediwerystalline, euhedral, subhedral dolomite crystals, intracrystalline and intercrys
porosity (SEM) and energy disgresiapectra (EDX)

{11

Figure 6. Fiagystalline, euhedral dolomiténtrgstgtgalline and intercrystalline porosity (SEM), and
energy dispersiBayspectra (EDX)

=

Petrographic Properties of the Samples Taken
Section (B)

The carbonates in the DoKuidwitdolngmesaithee d st
base, contain intercalations of calcitic dolomite upwards, and end with dolostones2b&ssils (5
are observed in some dolostones and calcite dolomites, and th@@&@anei€ite and 1000%
sparite in the dolostones (Table 3).
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In thin sections, euhedral, subhedral, and anhedral dolomite crystals of varying sizes from
micro to large are observed (Table 4).

Tabl e 3. Mi croscopic properties of sampl e
Allochems Orthochems
Calcite | Dolomite knt r ¢ Ooid | Pellet| Sparite| Micrite| Name of the rock
Sample, content | content | Fossil % % % % % (Dunham,1962)
% % %
B-1 3 97 25 - - - 100 0 dolosparite
B-15 2 98 5 - - - 55 40 dolomicsparite
B-33 1 99 15 3 - 5 17 60 dolomicsparite
B-60 4 96 - - - - 10 90 dolomicsparite
B-80 35 65 14 - - - 86 0 calcitic dolomite
B-100 3 97 - - - - 85 15 dolomicsparite
B-120 2 98 - - - - 80 20 dolomicsparite
B-160 2 98 - - - - 65 35 dolomicsparite
B-195 2 98 - - - - 55 45 dolomicsparite
B-235 45 55 - 4 - 2 84 10 calcitic dolomite
B-257 6 94 - 14 - - 60 26 dolomicsparite
B-300 8 92 - 15 - - 70 15 dolomicsparite
Table 4. Textur al properties of samples t
Primary Dolomite Crystal
Calcite | Dolomite texture Shape
Sample content| content | preservation Size Sorting Texture
% % rate Eu | Su | Xe
B-1 3 97 nortmimetic | finecoarse, k°t ¢ yes| yes| - euhedral
B-15 2 98 mimetic fine- good yes | yes | yes Subhedral
medium
B-33 1 99 mimetic fine- good yes | yes | yes Subhedral
medium
B-60 4 96 mimetic fine good yes | yes | yes xenotopic
B-80 35 65 nonmimetic fine- good yes| yes| - Subhedral
medium
B-100 3 97 mimetic fine- good yes | yes| yes Subhedral
medium
B-120 2 98 mimetic fine- good yes | yes| yes Subhedral
medium
B-160 2 98 mimetic fine- good yes | yes | yes Subhedral
medium
B-195 2 98 mimetic fine- good yes | yes | yes Subhedral
medium
B-235 45 55 mimetic fine-coarse| poor yes| - - euhedral
B-257 6 94 mimetic fine good yes | yes | yes Subhedral
B-300 8 92 mimetic fine-coarse| poor yes | yes | yes Subhedral

Eu: euhedral, Su: subhedral, Xe: xenotopic

As a result of the petrographic examination of the samples, it was observed that they were
in the form of rhomboids of medium to coarse crystalliF®) @lihedral dolomite (Figure 7a),
dolomicsparitic (polymodal;-@)f dolomite (Figure 7b), fine crystall{dfl) dolomicsparite
(Figure 8a), fine crystalline Jgitalcitic dolomite (Figure 8b), famgstalline (dt) dolomicsparite
and replacement with iron oxide (Figure 9a), dedolomitization in dolosparites (Figure 9b),
intraclastic dolomite and calcitement (Figure 10a), fioeystalline (Figure 9a) -Df
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dolomicsparite with calcite veins and patrtially replaced by dolomite (10b), medium to coarse
crystalline (d2) euhedral, zoned dolomite rhomboids (Figure 11a) and fossiliferous dolomicsparite
(11b;df-1).

Figure 7. a) Euhedral, medarse crystallif®y), (dirty dolomite rhombs (PPLL;Skl@nite), b)
Euhedraubhedral, polymodilddfomite crystals and dedolomite (PPLd@arrite), D: dolomite,
De: dedolomite

Figure 8. &)necrystalline-{dfdolomicsparite and calcitic vein (FGeL. dB&orBite) b) Enystalline
(df1) calcitic dolomite (PPL-88adalcitic dolomite), C: calcite, D: dolomite

)

Figure 9. a) Replacement by fine cri3tdbinen{déparite and iron oxide. (PRQOSa@olBmite), b)
Dedolomitization in dolomicsparite (RPP&QS#olBmite), D: dolomite, De: dedolomite, Ir: iron oxide
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Figure 10. a) Intraclasiberoke and calcite cement (PRB5SealBitic dolomite), b) Calcite vein in fine
crystalline-{difdolomicsparite and partially replaced by dolomids {PBbloFate}, D: dolomite, C:
calcite, In: intraclast

0.5 mm

Figure 11. Mediurtoarse crystalli¥®), (dfhedral, zoned dolomite rhombs (BB0;, dédoiRite), b)
Finecrystalline-(Jif fossiliferous dolomicsparite. F: fossil (3P ld@amize)

As a result of the SEM (scanning electron microscope) examinatiosaiples (B, B
120) taken from the DoKudaK measured strati
12), and euhedral (Figure 13) dolomite crystals and EDX diagram are seen.

U

d / E _ovm— g 4
MIAGEB0D X HV: 20.0 Ky WD ]

Figure 12. Fiogystalline, subhedral dotpstatis, intercrystalline porosity (SEM), and energy dispersion
Ray spectra (EDX1)B
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Figure 13. Fiogystalline, euhedral dolomite crystals, intercrystalline poeosityy Sisid¢rsiod X
Ray specteeDX; B-120)

Petrographic Propertieso f t he Samples Taken from the SarceE
Stratigraphy Section (C)

The carbonates in the SarEbayErsErtE meas
at the base, continue with dolomitic limestone interbedded limestone in theetiiddie, and
end with dolostone at the top, after the alternation of calcitic dediohogéone (Table 5). Thin
crystalline, subhedral and anhedral dolomite crystals with hibidiotopic and xenotopic textures are
observed in thin sections (Table 6).

Tablé . Mi croscopic properties of samples tak
Allochems Orthochems
Calcite | Dolomite kntr e Name of the rock
Sample| content| content | Fossil % Ooid | Pellet| Sparite| Micrite (Dunham,1962)
% % % % % % %
C-7 9 91 10 8 - - 60 22 dolomicsparite
C-17 25 75 - - - - 85 15 calcitic dolomite
C-25 6 94 - 15 - - 50 35 dolomicsparite
C-30 9 91 - 10 - - 60 30 dolomicsparite
C-39 45 55 5 - - - 100 0 calcitic dolomite
C-50 100 0 8 - - - 44 48 mudstone
C-56 93 7 7 - - - 46 47 mudstone
C-62 60 40 - - - - 85 15 dolomitic limestone
C-67 94 6 - - - - 100 0 crystalline limeston
C-73 92 8 - - - - 100 0 crystalline limestone
C-87 9 91 - - - - 100 0 dolosparite
C-109 8 92 8 - - - 100 0 dolosparite
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Table 6. Textur al properties of
Primary Dolomite Crystal
Calcite | Dolomit texture Shape
Sampl| content| e content preservation| Sjze Sorting Texture
e % % rate Eu | Su | Xe
C-7 9 91 mimetic fine good yes | yes | yes subhedral
C-17 25 75 mimetic fine good yes | yes | yes subhedral
C-25 6 94 mimetic fine- poor yes | yes | yes subhedral
coarse
C-30 9 91 mimetic fine- poor yes | yes | yes subhedral
coarse
C-39 45 55 nonmimetic fine good yes | yes| - subhedral
C-50 100 0 mimetic fine good - - - xenotopic
C-56 93 7 mimetic fine good - yes | yes xenotopic
C-62 60 40 mimetic fine good - yes | yes subhedral
C-67 94 6 non-mimetic fine good - yes | - subhedral
C-73 92 8 non-mimetic fine good - yes | - subhedral
C-87 9 91 non-mimetic fine good yes | yes | - subhedral
C-109 8 92 non-mimetic fine good yes | yes | - subhedral
Eu: euhedral, Su: subhedral, Xe: xenotopic

As a result of the petrographic examination, it was observed that they were in the form of
dolomicsparite (Fig. 14a;-1df calcitic dolomite (Fig. 14b), dolomitic limestone (Fig. 15a),
euhedratubhedral, firerystalline (db) sugary dolosparite and dedolomite (Fig. 15b, 16a),

dolomitic limestone (Fig. 16b), euhesubhedral, finerystalline (db) dolomite crystals

dolomicrite, calcite fossil and void fill calcite cement (Figyrard/coarseery coarse crystalline
(df-7) saddle (cement) dolomite (Fig. 17b).

Figure 14. a) Fine to very fine crystalibelddiicsparite (PPL,-3ad@omite), b) Bioclast, fine

crystalline-{gifdolomicsparite and calcite cemanC#PdolBmite), C: calcite, D: dolomite, Bi: bioclast
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Figure 15. a) Bioclastedceahgteed dolomicsparilPldf Sa:-Z; dolomite), b) Euhsedbdiedral,
finecrystalline-§dfdolosparite and dedolomite (PBR) SealCitioldmite), C: calcite, D: dolomite, De:
dedolomite, Bi: bioclast

Figure 16. a) Euhedral to subhedral, fine cB)staljgarfdflolosparite and dedolomite-@9PL, Sa: C
calcitic dolomite), b) Sparicalcite, fossil (F), styloliteystats dBIBmi®a6 T, limestone), ), C:
calcite, D: dolomite, De: dedolomite, St: stylolite

Sd

0.5 mm

Figure 17. a) Euhesirtbhedral, {ongstalline-§difdolomite cryslasmicrite, calcite fossil,-iidyoid
calcite cement, (PPL;1R®;dolomite) F: fossil, b)dearamarse crystalie(tdinplargrsaddle
dolomite cen{BRiL, Sa: @5; dolomite), C: calcite cement, D: dolomite, Sd: saddle dolomite
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Discussion

Unimodal, very fine to fine crystalline planésubhedral) dolomites-(df small crystal
sizes (<60 Om) indicate | i mithoeahd&iedmanj18%4) t o
It may develop by early replacement of fine crystalline early diagenetic dolomite or concurrent
neomorphic or original peritidal carbonate mudstones (Zenger, 1983; Amthor and Friedman,
1991). Crystal size is controlled by the ratationship of the two functions; nucleation and
growth rate (Spry, 1969; Amthor and Friedman, 1991). Dolomite often selectively replaces fine
crystalline CaCQ@Murray and Lucia, 1967; Sibley et al., 1987; Amthor and Friedman, 1991). The
fine particlebave a very large surface area compared to their volume and therefore the nucleation
rate is fast. If the nucleation rate is high compared to the growth rate, the resulting crystal size will
be small (Amthor and Friedman, 1991). This can be explained, @imers, by selective
dolomitization of finer crystalline calcium carbonate and early dolomitization of subtidal and
supratidal carbonate muds (Amthor and Friedman 1991). We can emphasize that the fine crystalline
dol omites i n the efineddyearlydiageretc replacémernt of cabenates
in tidal and subtidal environments.

Medium to coarse crystalline plaméeuhedral) mosaic dolomites2dare often presented
as evidence of pomolomitization texture. Because the crystal simbividual mosaics is unimodal
and it can be stated that the nucleation sites for dolomite are homogeneously distributed (Sibley,
1982; Schofield, 1984; Amthor and Friedman, 1991). The fact that the dolomite crystals show the
sharing of reconciled bouni@ar indicates that they are formed in situ. They develop
simultaneously to form congruent crystal boundaries and the developmentepteades is
achieved by the combined growth of zones in adjacent crystals (Schofield, 1984; Amthor and
Friedman, 199. The absence of intracrystalline chipping features, continuity, and zones of equal
width indicate the continued development of the crystals. We can say that theoaeskum
crystalline plana (euhedral) mosaic dolomites2(gf o f t he HKdhz&eldpeden Fo
simultaneously and in situ.

Mediumcrystalline plan#r (euhedral) replaced dolomites3jdélirty core and clean margin
texture can be observed widely in rocks of all ages (Sibley, 1982; Amthor and Friedman, 1991).
Intercrystalline chippg in dolomite rhombs indicates dissolution after dolomitization. Late
diagenetic cradkled dolomites are formed at high temperatures (burial origin). The crack fillings
that cut the dolomite rhombs in the roigistalline euhedral replacement doloroftéise late
diagenetic phase indicate a high temperature (burial origin) formation. The euhedral form of
dolomite rhombs suggests formation at temperatures beddWFAC (appr oxi mat €
temperature), since higher temperatures develop anhedmal($ibley and Gregg, 1987;
Ramadan, 2014). Also, planar dolomite crystals may form along chemical compaction dissolution
wrinkles. We can state that the medium crystalline-@l@gndredral) replaced dolomites3jaif
the KEzEI °ren dagenetiabuialonginar e of | at e

Unimodal, medium to coarse crystalline-planars-a (subhedranhedral) replaced
dolomites (d#); it develops as a replacement for the original limestone or dolostone. This type of
replacement usually completely destroyaritfieal depositional tissues (Amthor and Friedman,

1991). This type of dolomite corresponds to the xen@aptomite described by Gregg and

Sibley (1984) and Sibley and Gregg (1987) (Ramadan, 2014). They propose that the xenotopic
dolomite texture reks from the neomorphic recrystallization ofgisting dolomite or the
replacement of limestone at high temperatures. Folk (1959) descriladarardolomite as the
replacement of the original limestone in the burial setting. Such a replacemsent caty in

certain zones and originally had high porosity and permeability. This ceplesganaolomite

cement is generally called saddle dolomite (Radke and Mathis, 1980; Amthor and Friedman, 1991).
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It has been emphasized that almost all of tieésmites consist of high temperaturesl(@0 A C ;

Radke and Mathis, 1980) and high salinity basinal waters (Ramadan, 2014). No conclusive evidence
of saddle dolomite formation at low temperatures from marine or hyposaline waters has been
demonstrated so fékmthor and Friedman, 1991; Ramadan, 2014). We can say that the unimodal,
medium to coarse crystalline qpdainars-a (subhedrainhedral) replacement dolomitestjdh

the KEzEI°ren For meanrpéraiune burial eneiforonere.d i n a hi gh

Finemedium crystalline plaras (euhedradubhedral) mosaic dolomites-gf fine
crystalline matrix dolomite usually develops as a fabric destroyer (Lonnee, 1999). At this stage, the
micritic matrix and fossil components in the sswgported sedimentseareplaced. The fine
crystalline matrix dolomite was restricted to formation after the initial chemical compaction but
formed approximately simultaneously with the medium crystalline matrix dolomite.- The mid
crystalline matri x rdatidn davelopes asifakdiestrictve rpiaced | © r e |
dolomite.

Polymodal planars (euhedradubhedral) mosaic dolomites@yifare formed by mimetic
and nommimetic replacement of fossils and unimodal matrix (Sibley and Gregg, 1987). If the
dolomitizationsolution is slightly less supersaturated with respect to dolomite, the matrix may
become dolomitized but the fossils may remain undolomitized (Sibley and Gregg, 1987). The
fossils remain undolomitized because at less saturation very few dolomitdaronesl arevery
coarse calcite. If these fossils remain as calcite, the resulting rock will be in the form of unimodal,
planars dolomite with unreplaced allochemes (Sibley and Gregg, 1987). If allochemes are resistant
to dolomitization, they then dolométiabove the critical temperature or critical saturation, and the
resulting texture may be polymodal with-planar dolomite, nemimetic replacement
allochemes, and plarsamatrix (Sibley and Gregg, 1987). Another possibility is thraptemed
fossilswill dissolve leaving patterns either during or after dolomitization (Sibley and Gregg, 1987).
If the nondolomitized matrix and allochemes dissolve, the resulting dolomite will be unimodal,
planare dolomite. This form of dolomite is commonly referredstsugary. It may develop
similarly to the situation described by Sibley and Gregg (1987), but the dolomite may continue to
evolve until the void is completely filled, resulting in unimodal,-pldakrmite (Sibley and
Gregg, 1987; Ramadan, 2014). Wecssay t hat the KEzEIl °ren For ma
replacement of the original limestones in the polymodal-gRit@nhedredubhedral) mosaic
dolomites (db).

Coarsévery large anhedral cement dolomite§)(dfre generally referred to addte
dolomite (Radke and Mathis, 1980). Almost all of these dolomites have been interpreted as formed
by brines at elevated temperaturedl@¥C; Radke and Mathis, 1980) and high salinity (Amthor
and Friedman, 1991). Saddle dolomites, for which cem@uglence has not been provided so
far, may form in hyposaline water, or at lower temperatures than seawater (Radke and Mathis, 1980;
Machel, 1987). In this lack of evidence, anhedral cement dolomite has also been interpreted as
being formed at highetiséies than seawater and elevated temperatures from brine (Amthor and
Fri edman, 1991) . I't i s thought that the sad
dolomites are formed from basinal saline waters at elevated temperatures witteeye @itat.

Microbrecciated dolomites @lf the time of formation of fractures and cracks reflect the
state of the rock or sediment while providing evidence of local or regional tectonic events (Boillot
et al., 1988). They are helpful in determining relatmeology and can sometimes determine the
time, and they may also be important in restoring porosity (Boillot et al., 1988). Fractures and
fissures are therefore of great importance in a diagenetic study. The chronological order establishes
the relation bthe original rock to the petrification state and its relation to the stylolitization. The
crack line is used to distinguish two types of cracks:4ag zicacks with jagged or irregular edges
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without specific geometries, (2) roughly linear cracksiguthy, smooth, or irregular (on close
examination) edges (Boill ot et al ., 1988) .
brecciated dolomites within the local and/or regional tectonic fractures in the microbrecciated
dolomites (dB).

The be@ning of the stylolitization in the limestones is about 500 m (Dunnington, 1967,
Lind, 1993; Duggan 2004). Horizontal stylolites with amplitudes of 10 cm or greater are found,
although they are less than 1 cm in most lithofacies. It suggests that theditgde stylolites
cut the smaller amplitude stylolites, suggesting that the stylolization in a given lithology occurred
during the progressive middle and deep burial (Duggan, 2004). Since the amplitudes of the stylolites
observed i n nmatioa dokrbitessare<t @) thely suggest shakalium burial.

The dark coloration observed at the borders of the stylolites was thought to be probably of organic
origin.

The characteristics of the KEzEl°ren For
temperatures in the shallburied (imtidatsubtidal) mixed water area in a shallow marine
carbonate environment in the early diagenesis, and at high temperatures from altered seawater in
the middeep burial area in the late diagenesis. Dedolomitizatioredcby meteoric water
affection in the KEzElI°ren Formation.
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Introduction

The aim of the study is to study the geochemical properties of the Saytepe Rdppation (
Cretaceous) carbonates around Hadim (Konya,
In this context, major, trace, and rare earth element analyzes were made from the Saytepe
Formation carbonate samples, in which environment this formasoteposited, how it was
altered in its diagenetic history, it was determined how the climate was during the deposition
process, whether there was terrigenous material input to the basin during the deposition of
carbonates, and which rocks were the @igletrital.

Previous studies have shown that the distribution and amounts of some major and trace
elements in fingrained rocks can be used to determine paleoclimatic conditions (Cao et al., 2012,
Wang et al., 2017; Ding et al., 2018). It has beerbgtatady researchers (Cao et al., 2012; Wang
et al.,, 2017; Ding et al., 2018) that elements such as Fe, Mn, V, Cr, Co, and Ni show relative
enrichment in humid climatic conditions. Ding et al. (2018) emphasized as a result of the increase
in alkalinity ofvater due to evaporation in arid climate conditions, the storage of salty minerals
increases, and elements such as Ca, Mg, Na, K, Ba, and Sr are concentrated.

The geochemical properties of the Saytepe Formation carbonates were tried to be revealed
by makig main, trace and rare earth element analyses of the samples taken at appropriate intervals
along the |ines of two measured stratigraphi
sel ected a-Halinn@ony®.alK thésL fiamework, the deterrionatof the
environmental conditions (oxic to anoxic) in which the Saytepe Formation carbonates were
deposited, whether there were continental detritus (stream and/or wind blow) development into
the basin during the deposition, whether there were hydmaltketrances to the basin, whether
the original characteristics of the carbonate phase were preserved if there are terrestrial inputs,
studies have been carried out to determine their source rock (felsic, mafic or mixed) types, to
determine to what extehe limestones have been affected in the diagenetic process, whether they
have undergone metamorphism and paleoclimatic conditions.

AETEE -1 EOAOOGEOAOGEOD
E -TEOAOOEOAOEN
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Results

Major Element Geochemistry

The lithogeochemical results of Saytepe carbonates are given in Tables 1nZoanel 3. |
of the carbonate samples, the measurable element values that are very low or below the limit values
may be due to the adsorbing of these elements to the clay minerals. Elements below the limit value
were evaluated by taking the limit values isttidy.

The Saytepe carbonate samples present,-%WB18iQ %0.010.45 AIO;, %0.040.48

FeOs; %0.010.12 KO, %0.010.02 TiQ, %0.010.02 ROs, %0.01 MnO, %0.6.03 NaO,
%34.5355.76 CaO ve %0-38.09 MgO (Table 1).

In the Saytepe samples, there is a strong positive correlation betvaeeh/8B@, FeOs;,
NaO, KO, TiO,, moderate negative correlation with CaO, moderate positive correlation with
MgO, no correlatiowith BOsand MnO (Table 4).

Table 1. Major element (%) concentrations of the Saytepe Formation carbonates

Sample Si0; AlOs FeO3 MgO CaO NaxO K20 TiO2 P20s MnO Cr:03 LOI SUM
B-80 0.16 0.02 0.06 0.71 55.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.002 44.0 99.69
B-68 0.22 0.04 0.11 1.46 53.74 <0.01 <0.01 <0.01 0.01 <0.01 0.002 44.3  99.96
B-55* 0.20 0.04 0.13 18.09 34.53 0.02 <0.01 <0.01 <0.01 <0.01 <0.002 46.7 99.95
B-49 0.32 0.15 0.04 0.55 54.80 <0.01 0.05 0.01 0.02 <0.01 0.002 440 99.96
B-43 0.40 0.19 0.08 0.61 5448 <0.01 0.06 0.01 0.02 <0.01 0.002 44,1  99.95
B-30 0.16 <0.01 0.05 0.39 55.25 <0.01 <0.01 <0.01 <0.01 <0.01 <0.002 44.1 99.94
B-19 0.10 <0.01 0.04 0.34 55.76 <0.01 <0.01 <0.01 <0.01 <0.01 <0.002 43.7 99.96
B-15 0.20 <0.01 0.04 0.37 5550 <0.01 <0.01 <0.01 <0.01 <0.01 <0.002 43.8 99.94
B-10 0.16 <0.01 0.07 0.41 55.34 <0.01 <0.01 <0.01 <0.01 <0.01 <0.002 44.0 99.67
B-6 0.19 0.03 0.11 0.56 55.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.002 440 99.92
B-1* 1.03 0.45 0.48 16.39 34.92 0.03 0.12 0.02 <0.01 <0.01 <0.002 46.3 99.95
*dolostone
Table 2. Trace element (ppm) concentrations of the Saytepe Formation carbonates
Sample Ba Rb Sr Zr U Vv Th Mo Cu Ni Pb Zn Sc Co Cs
B-80 11 <0.1 263.3 5.6 1.5 <8 <0.2 <0.1 1.5 3.9 2.5 3 <1 <0.2 <0.1
B-68 16 0.3 357.0 4.8 2.4 20 <0.2 0.1 1.7 4.7 2.5 3 <1 0.2 <0.1
B-55* 7 <0.1 178.7 6.0 2.2 16 <0.2 0.2 2.4 4.4 2.3 12 <1 0.4 <0.1
B-49 10 1.4 311.2 8.4 0.3 <8 <0.2 <0.1 1.2 3.2 1.4 5 <1 <0.2 <0.1
B-43 5 1.9 240.2 6.2 0.6 <8 0.2 <0.1 1.5 4.1 1.6 4 <1 <0.2 <0.1
B-30 4 <0.1 307.5 5.2 1.1 8 <0.2 <0.1 1.4 3.6 2.0 4 <1 <0.2 <0.1
B-19 5 <0.1 320.7 3.9 0.5 <8 <0.2 <0.1 0.9 3.3 2.9 3 <1l <0.2 <0.1
B-15 6 <0.1 268.3 6.6 0.6 <8 <0.2 <0.1 1.3 3.1 2.0 3 <1 <0.2 <0.1
B-10 7 <0.1 367.8 3.5 0.6 <8 <0.2 <0.1 1.0 2.7 2.3 4 <1 <0.2 <0.1
B-6 9 0.2 2116 4.2 0.9 <8 <0.2 0.2 1.5 2.7 10.6 11 <1 <0.2 <0.1
B-1* 7 4.2 142.7 5.4 3.4 24 0.4 9.2 3.9 9.1 12.5 21 <1 0.6 0.1
Table 2. Continued

Sample Ga Be Hf Nb Ta Sn Hg As Tl Se Bi Sh Cd
B-80 <0.5 <1 0.1 <0.1 <0.1 <1 0.10 2.1 <0.1 <0.5 <0.1 0.1 0.3
B-68 <0.5 <1 0.1 <0.1 <0.1 <1 0.05 1.9 <0.1 <0.5 <0.1 0.3 0.4
B-55* <0.5 <1 0.2 <0.1 <0.1 <1 0.06 2.6 <0.1 <0.5 <0.1 0.6 0.4
B-49 <0.5 <1 0.1 <0.1 <0.1 <1 0.05 1.9 <0.1 <0.5 <0.1 0.2 0.8
B-43 <0.5 <1 0.2 0.1 <0.1 <1 0.04 1.5 <0.1 <0.5 <0.1 0.1 0.4
B-30 <0.5 <1 <0.1 <0.1 <0.1 <1 0.08 2.5 <0.1 <0.5 <0.1 0.2 0.3
B-19 <0.5 <1 <0.1 <0.1 <0.1 <1 0.03 1.9 <0.1 <0.5 <0.1 0.5 0.3
B-15 <0.5 <1 0.2 <0.1 <0.1 <1 0.02 1.3 <0.1 <0.5 <0.1 0.4 0.3
B-10 <0.5 <1 <0.1 <0.1 <0.1 <1 0.09 1.3 <0.1 <0.5 <0.1 0.4 0.2
B-6 <0.5 <1 <0.1 0.2 <0.1 <1 0.29 3.0 <0.1 <0.5 <0.1 1.2 0.7
B-1* <0.5 <1 0.1 0.3 <0.1 <1 2.62 9.3 <0.1 <0.5 <0.1 3.3 0.2
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Table 3. Rare earth element (ppm) concentrations of the Gayepaté®rmation

Sample La Ce Pr Nd Sm Eu Gd Th Dy Y Ho Er Tm Yb Lu TREE

B-80 <0.1 0.2 <0.02 <03 <0.05 <0.02 <005 <0.01 <0.05 0.2 <0.02 <0.03 <0.01 <0.05 <0.01 0.92

B-68 0.6 0.6 0.05 0.5 0.09 <0.02 0.10 0.01 0.10 1.7 0.02 0.08 <0.01 <0.05 <0.01 2.24

B-55* 0.1 0.2 <0.02 <03 <0.05 <0.02 <0.05 <0.01 <0.05 0.3 <0.02 <0.03 <0.01 <0.05 <0.01 0.92

B-49 0.3 0.9 0.07 0.4 <0.05 <0.02 0.07 <0.01 0.06 04 <0.02 0.04 <0.01 <0.05 <0.01 2.01

B-43 0.6 1.1 0.10 0.6 0.10 <0.02 <0.05 <0.01 0.08 0.6 <0.02 0.05 <0.01 <0.05 <0.01 2.80

B-30 0.2 0.2 <0.02 <03 <005 <0.02 <005 <001 <005 0.7 <0.02 0.03 <0.01 <0.05 <0.01 1.02

B-19 0.2 0.2 <0.02 <03 <0.05 <0.02 <0.05 <0.01 0.06 0.5 <0.02 <0.03 <0.01 <0.05 <0.01 1.03

B-15 0.1 0.3 <0.02 <03 <005 <0.02 <005 <001 <005 0.6 <0.02 0.04 <0.01 <0.05 <0.01 1.01

B-10 0.3 0.2 0.05 <03 <0.05 <0.02 <0.05 <0.01 0.06 0.8 <0.02 0.03 <0.01 <0.05 <0.01 1.16

B-6 0.4 0.5 0.02 0.3 <0.05 0.04 0.08 <0.01 0.09 1.1 <0.02 0.08 <0.01 <0.05 0.02 1.67

B-1* 0.9 1.9 0.18 0.8 0.14 <0.02 0.14 0.01 0.08 0.9 <0.02 0.07 <0.01 0.06 <0.01 4.34

Table 4. Major element (%) correlation of the Saytepe Formation carbonates

SiOz Al:03 Fex03 MgO CaO Na0 K0 TiO2 P20s MnO  TREE LOI

Sio. 1

Al:O3 0.98 1

Fe0s 098 086

MgO 059 054 0.73 1

Ca0 o6: OS5 O e 1

Na0 0.83 0:78 0:93 0.92 -0.93 1

K20 096 099 0581 047 0517 0.72 1

TiO: 0195 0.89 0.97 0.63 01513 0.89  0.86 1

P-0s 014 030 019 022 020 021 037 -015 1

MnO .C .C .C .C .C .C .C .C .C .C

TREE 092 094 081 038 043 068 0©2 081 031 c 1

LOI 0.57 0.53 0.71 0:99 o] 0.89 046 060 -0.19 .c 0.39 1

Trace Element Geochemistry

Trace element analysis results of the Saytepe Formation sampl&88Spd#3 Rb 0-1
4.2 ppm, Ba-46 ppm, Zr 3.88.4 ppm, U 0-:3.4 ppm, V &4 ppm, Mo 0-8.2 ppm, Ni 2-B.1
ppm, Co 0.20.6 ppm, Th 0:R.4 ppm, Zn 21 ppm, Pb 1-:42.5 ppm, Cu 0:39 ppm, Hf 0.1
0.2 ppm, Nb 0:0.3 ppm, Cs 0.1 ppm and Ga 0.5 ppm (Table 2).

In the Saytepe carbonate samples, strong positive correlation between® (Rl $9),
SiG, (R=0.97), AD; (R=0.99), F©; (R=0.84), TiQ (R=0.88), N#D and Rh(R=0.74), strong
positive correlation between Rb and Th (R=0.88), Mo (R=0.87), Ni (R=0.84), Hg (R=0.86), As
(R=0.82), Rb a moderate positive correlation was observed bet@@rH0a74), Cu (R=0.76),
Zn (R=0.70), Co (R=0.74), Nb (R=0.75) (Table 5). Mtelpositive correlation between Sr and
CaO (R=0.74), Si-0.61), F&®; (R=-0.66), MgO (R#9.73), NgO (R=-0.74), Cu (R#9.77)
moderate negative correlation between P (&), Co (R9.74), Nb (R=0.67), Hg (R=0.61),
As (R=0.67), Sr and Zn (R&.82) a strong negative correlation is observed. Ba and Zr elements
do not show strong or moderate correlations with any major or trace element (Table 5).
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Table 5. Major (%) and trace element (ppm) correlation of the Saytepe Formation carbonat

Si Al Fe M Ca Na Ti P

Kz M Ba Sr zr U \ T M C Ni Pb z C Hf N H A R
0. 0, O g O 0 O O 0Os n h b b
(o) o

o u n o g s

3
Mg 0. 05 07 1
[¢) 59 4 3
Ca - 1
(¢} 05
8
Na l 07 rf 1
20 8
Kz 04 - 07 1
o 7 0. 2
52
Ti 06 l 1
(e} [ I I 3
P, 0. 03 B 0 B 0. 1
o 14 0 01 02 20 02 37 0
9 2 1 15
M .C C C C C .C Cc Cc Cc Cc
no
Ba - - 00 - 0 - - - c 1
0 00 1 00 08 01 O 0. 0.
06 8 9 2 13 09 06
Sr - 0 - 0 c 0 1
05 2] 0 0 04 25
9 54 59
Zr 0. 02 [ 00 o - 0. c 0. - 1
19 7 00 0 0. 5 31 0. 67 05 O
7 11 01 21
U 0 05 f 07 08 o 0. - c 0. - - 1
63 4 6 1 45 7 o 33 0 0.
42 52 10
v 0 06 07 07 o0 0. - c 0. - 1
68 1 4 9 53 72 0 37 0 0.
27 40 05
Th 06 < - - - [ 1
3 0 0. 0. 0. T 12
15 09 59 01 1
M I f f 06 l ' c - - - o 0. ' 1
o 3 0 0. 0 0. /]
15 09 59 01 1
Cu 0. c 0. 0. 1
74 0 03 09
18
Ni I f f 07 l l - c 0. 0. l 1
1 0. 06 0 06
12 59
Pb 0. 05 07 04 06 o 0 - c 0. - 0. 0. 0 0 0. 1
66 9 9 2 0. 3 54 74 0 02 0. 5 48 74 75 6 59
44 30 28 2 7
Zn 0 07 0 c - [V 0 1
7 68 0 0 0. 7 68 g
18 10 [
Co 0.7 < 0. [0 0 1
8 72 0 0 05 EE) 63
21 12
Hf B 0.2 00 - 0. < - - 0. - - - - . - - - 0. 1
0 00 01 6 0 6 0. 0 24 0. 0. 38 0 O 0. 0. 0 0. 0 o0 0
05 3 3 24 03 19 36 37 1 07 19 19 5 07 32 03 6
Nb 07 05 - 07 O c - - o o o o o - 1
6 1 0. 6 2 0 0. 0. 6 58 v 7 0.
55 21 03 15 0 9 6 27
Hg 0.6 c - - 0 0. - 1
2 0 0. 0. /(] 0.
17 07 04 1 23
As 0.6 - .c - - 0 0. - 1
8 0. 0. 0. T 12 0.
21 06 04 5 24
Rb 0.4 0.7 0. c - - 0. 0. o [ 0. O [ [ 1
8 0 4 33 0. 0. 27 5 57 7 57 0 7 0. 7
5. 32 55 6 4 04 5

In the Saytepe Formation samples, strong positive correlation between rare earth elements
La and Si@(R=0.81), AD; (R=0.81), moderate positive correlation betwe# fR=0.75),
KO (R=0.78), Ti@ (R=0.71) is observed. Strong positive correlation between La and Ce
(R=0.88), Pr (R=0.87), Nd (R=0.92), Sm (R=0.93), Gd (R=0.84), La and Dy (R=0.79), a moderate
positive correlation was observed between Er (R=0.75), Yb (R=0.71) (Table 6). Strong positive
correlation between Ce and Si®=0.95), ADs; (R=0.97), F£3 (R=0.80), KO (R=0.97), TiQ
(R=0.81), La (R=0.88) moderate positive correlation betw#&2 (R¥®.65), Gd (R=0.79), strong
positive correlation was observed between Ce and Pr (R=0.96), 005 RSm (R=0.89), Yb
(R=0.81) (Table 6). No strong or moderate correlation was observed between Eu and any major
and trace element (Table 6).
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Table 6. Major (%) and rare earth element (ppm) correlation of the Saytepe Formation carbor

Si Al; Fe Mg Ca Na. Kz Ti P Mn La Ce Pr Nd Sm Eu G T Dy Y H Er T Y L
02 O3 O3 [e] o o o 0O Os o d b o m b u
Sio 1

2
Al 1
Os
Fe 1
Os

1

= §
gaq'ao.7erf+1

o
La 075 o2 - 052 0w 07 02 c 1
7 0.3 8 1 0
2
Ce 0.4 - 0.65 03 c f 1
0 0.4 9
5
Pr 0.4 - 0.69 03 c 1
4 0.4 3
8
Nd 0.4 - 0.65 f 07 o02 c 1
I 2 0.4 9 9
7
Sm 0.4 - 0.66 0.1 c 1
4 0.4 4
9
Eu - 0.1 - - - < 0.0 - -
01 014 0 0.1 5 014 01 01 01 7 00 02 02 01 1
2 5 7 5 4 1 0 8
Gd f 075 08 04 B 067 06 f B c f 07 07 07 07 o1
0.4 9 01 9 4 7 4 1
8 2
Tb C C C C C C .C .c c .C c Cc c c c c c c
Dy 03 035 037 - 009 03 02 01 c 07 05 04 05 05 04 06
4 00 00 0 5 0 9 1 2 6 9 3 6 1
3 1
Y 01 007 025 - 0.0 00 o1 - c 05 02 01 03 04 03 05 <
4 0.1 001 2 5 0.2 9 3 8 3 0 1 8 1
2 5
Ho C C C Cc Cc Cc Cc Cc Cc .C Cc Cc C C C C C C Cc Cc Cc
Er 04 040 049 00 023 03 03 - c 07 05 04 05 05 05 07 < c
4 9 0.1 5 8 0.0 5 5 1 5 8 4 7 1
2 3
Tm Cc Cc c Cc Cc c c c .C .C c c c c c c c c Cc Cc Cc 1 1
Yb 06 - 0.7 0.7 - 02 o1 03
3 1.0 0.1 .c 1 9 0.1 .c 5 5 .c 8 .c 1
5
Lu - - - - - - - - - - - -
01 014 0 01 01 014 01 01 01 < 00 00 02 02 01 10 01 ¢ 04 03 . 05 ¢ 0 1
2 5 5 7 5 7 5 1 0 8 4 3 1 4 1

Some elemental ratios such as Mo/U, V/Cr, Ni/Co, U/Th,\Aifd+Ni) are used to reveal
redox conditions (Hatch and Leventhal, 1992; Jones and Manning, 1994) (Table 7). Mo/U, V/Cr,
Ni/Co, U/Th, and V/(V+Ni) ratios of the Saytepe Formation samples vary betweegh7.04
0.581.75, 1923.5, 1.82, and 0.66.81, repectively. (Table 8; Figure 1).

Table 7. Some elemental concentrations used to evaluate paleoredox conditions

Element ratio Oxic Dysoxic Anoxic Euxinic Writers
Ni/Co <5 57 >7
VICr <2 2-4.5 >4.5 Jones & Manning (1994)
U/Th <0.75 0.751.25 >1.25
V/(V+Ni) <0.46 0.460.60 0.540.82 >0.84 Hatch & Leventhal (1992)
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Table 8. Redox susceptibility trace element concentrations and geochemical ratios of the Saytej
carbonate samples (* dolostone)

Sampl Mo/ VvIC Ni/C (Vay VI(V+Ni Mn/S K/R Si/Al AT CelCe Eu/Eu Pr/Pr La/La (La/Sm) (Dy/Sm)
e U r 0 h ) r b i * * * * N N
B-80 0,07 0,58 19,5 7,5 0,67 0,29 0,083 7,047 1,77 0,70 1,88 0,399 -0,24 0,29 1,18
B-68 0,04 1,46 23,5 12 0,81 0,22 0,028 4,849 3,53 0,705 0,98 0,508 -1,25 0,97 1,32
B-55* 0,09 1,17 11 11 0,78 0,43 0,083 4,405 3,53 1,03 1,88 0,399 -0,24 0,29 1,19
B-49 0,33 0,58 16 1,5 0,71 0,25 0,029 1,883 13,23 0,96 1,54 0,686 42,74 0,87 1,42
B-43 0,16 0,58 20,5 3 0,66 0,32 0,026 1,859 16,75 1,02 1,29 0,678 -11,04 0,87 0,95
B-30 0,09 0,58 18 55 0,69 0,25 0,083 14,09 0,88 0,67 1,88 0,399 -0,48 0,58 1,19
4
B-19 0,2 0,58 16,5 2,5 0,71 0,24 0,083 8,811 0,88 0,67 1,88 0,398 -0,48 0,58 1,42
B-15 0,16 0,58 15,5 3 0,72 0,29 0,083 17,62 0,88 1,54 1,88 0,359 -0,24 0,29 1,19
2
B-10 0,16 0,58 13,5 3 0,75 0,21 0,083 14,09 0,88 0,37 1,88 0,997 -11,04 0,87 1,42
4
B-6 0,22 0,58 13,5 4,5 0,75 0,37 0,041 5,585 2,65 0,99 2,83 0,299 -0,96 1,16 2,13
B-1* 2,71 1,75 15,2 8,5 0,73 0,54 0,024 2,021 19,84 1,09 0,67 0,859 1,69 0,93 0,68

Table 8. Continued
Sample  AlOz  Y/Ho Er/Nd (Nd/Yb) n Eu/ Rb/Sr Sr/ Sr/Rb Ga/Rb Sr/ Th/ La/ Mg/ Fe/ K/ Th/U
ITiO » Sm Ba Cu Co Sc Ca Al Na
B-80 2 10 0,10 0,50 0,4 0,0004 23,9 2633 5 175 1 0,1 0,011 3962 1,119 0,133
B-68 4 85 0,16 0,83 0,22 0,0008 22,3 1190 1,7 210 1 0,6 0,023 3,627 1,119 0,083
B-55* 4 15 0,10 0,50 0,4 0,0006 25,5 1787 5 74 0,5 0,1 0,442 4,288 0,559 0,091
B-49 15 20 0,10 0,66 0,4 0,0045 311 222,3 0,4 259 1 0,3 0,008 0,353 5594 0,667
B-43 19 30 0,08 0,99 0,2 0,0079 48,0 126,4 0,3 160 1 0,6 0,009 0556 6,713 0,333
B-30 1 35 0,10 0,50 0,4 0,0003 76,9 3075 5 220 1 0,2 0,006 6,604 1,119 0,182
B-19 1 25 0,10 0,50 0,4 0,0003 64,1 3207 5 356 1 0,2 0,005 5283 1,119 0,400
B-15 1 30 0,13 0,50 0,4 0,0004 44,7 2683 5 206 1 0,1 0,006 5283 1119 0,333
B-10 1 40 0,10 0,50 0,4 0,0003 52,5 3678 5 368 1 0,3 0,006 9,245 1,119 0,333
B-6 3 55 0,27 0,50 0,8 0,0009 235 1058 2,5 141 1 0,4 0,008 4,836 1,119 0,222
B-1* 22,5 45 0,08 1,11 0,14 0,0294 20,4 34,0 0,1 36 0,7 0,9 0,396 1,410 4,476 0,118
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Figure 1. a) The Saytepe Formation samples fall iatmitie adasoxiche \MIfCo diagram, b)
The Saytepe Formation samples fall into the anoxic area dNti@o\d{&risim, ¢) 3MY/Co In
thediagram, the Saytepe Formation samples fall hatwottie ardsxic

The total rare earth element values of the Saytepe carbonate samples.34eppra2
(average 1.74 ppm), which is very low compared to gtagemiarine sediments and Post
Archa@an Average Australian Shale (PAAS). The values of the Saytepe carbonate samples
normalized to Pogirchaean Australian Shale (McLennan, 1989) show depletion and moderate
positive Y anomaly in all samples (Graph 1).
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Graph 1. Shale norm&k2ellS) REE+Y diagram of the Saytepe carbonate samples. The blue area de
presedty seawater

In addition, the REE+Y values of the Saytepe carbonate samples normalized to Post
Archaean Australian Shale show that a small number of samples exmbitseanrater
characteristics, most of them exhibit higher values than current seawater by light rare earth
elements and a few samples show lower values than current seawater (Graph 1). Again, we can sa
in Graph 1 that Saytepe carbonate samples were ssgaipany hydrothermal fluid effects and
present moderately negative Ce, positive Eu anomaly, and positive Y anomaly.

Discussion

Evaluation of Sample Conservation

During the diagenesis process, some elements show enrichment and some elements show
depleton, so it becomes necessary to determine the degree of change in our samples. Some tests
are used to determine the degree of this change.
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The textural change in carbonate rocks is mostly in the form of the transformation of
unstable minerals into stafimerals (Brand and Veizer, 1980; Wang et al., 2017). Micritic and/or
sparitic calcite minerals can transform into neomorphic coarse sparicalcite as a result of diagenetic
alteration. Although the Saytepe carbonate samples were deposited as micrngc imeyigiere
neomorphizethto microsparitic and sparitic limestones during the diagenetic change process, but
it was observed that the primary texture was preserved in most samples.

Some elemental ions (such as Sr, Mg, Fe and Mn) can be incorpocdéstentoineral
lattices. Meteoric waters contain lot¥ @it high F& and Mri? elements (Brand and Veizer,
1980; Wang et al., 2017). Therefore, in the diagenetic alteration process, an intteask in Fe
Mn*? content, a decrease ir®ontent, while a decrease or increase may be observétl in Mg
depending on the nature of the primary carbonate mineral (Brand and Veizer, 1980; Wang et al.,
2017). From this, we can say that the changes of trace elements are important markers and they
canreflect the degree of diagenetic alteration (Wang et al., 2017) that took place after deposition.

Again, Wang et al. (2017) stated that Sr and Mn are important elements of diagenetic
alteration. While meteoric diagenesis can rentéfm@rthe carbonateineral structure, it can
ensure the incorporation of KMinto the carbonate mineral structure (Brand and Veizer, 1980;
Gilleaudeau and Kah, 2013; Wang et al., 2017). Therefore, we can state that Mn/Sr values are very
useful indicators in determining tb@genetic alteration of carbonate rocks due to the
contradictory properties of Sr and Mn elements.

If the Mn/Sr values are less than 3, it is stated by some researchers that the primary
deposition feature of the rock is preserved, if it is betwHgit Bas undergone low diagenetic
alteration, and if it is >10, it indicates severe alteration (Kaufman and Knoll,1995; Wang et al.,
2017). Mn/Sr values of the Saytepe carbonate samples are between 0.21 and 0.54, and we can sa
that they preserve their prippdeposition characteristics. Although it is known that hydrothermal
effects show positive Eu and high Ba values, positive Eu (Graph 1) and low Ba values (Table 2)
are observed in the Saytepe carbonate samples, and we can state that positive Eawsddes are
by terrigenous feldspars rather than hydrothermal effect. Because no hydrothermal effect is
observed in our samples in Graph 1.

The K/Rb values were high (0500) in  hi
unmetamorphized igneous rocks (except oceal@ittés) and 200 in shales, Rudnick et al. (1985)
and Bauernhofer et al. (2009) emphasized. Since the K/Rb values of the Saytepe samples vary
between 0.024 and 0.083 (Table 8), we can state that they did not undergo metamorphism.

The Sr/Ca versus Na diagr of the Saytepe carbonate samples also shows some diagenetic
alteration in the Saytepe Formation samples (Figure 2).
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Figure 2. Sr/Ca vs. Na diagram of the Saytepe carbonate samples

Major and Trace Element Evaluation of the Saytepe Formation Carbonates

It has been emphasized by many researchers such as Garrels and Mackenzie (1971), Nesbitt
ve ark. (1980), Taylor ve McLennan (1985), and Wronkiewicz ve Condie (1990) that the behavior
of trace elements is complex depending on processes such as wedtysdab s@rting,
adsorption, provenance, diagenesis, and metamorphism.

It is known that the major and trace elements contained in the limestones are greatly affected
by the terrigenous contribution (Kuchenbecker et al., 2016). It is observed thagegheu®rri
contribution of Si, K, Al, Ti, Rb, Sr, Ba, Nb, Ta, Th, U, and REEs in the Saytepe samples is
generally low (Tables 1, 2, and 3; Figure 3). Again, the distribution of the Saytepe carbonate samples
in the Si versus Zr diagram shows that Si is eftimeeastrial origin rather than biogenic (Figure

4).

Calcium is predominantly biogenic and strongly negatively correlated with almost all other
major and trace elements (Zhang et al., 2017), it functions as a diluent of other components. This
situation islearly observed in the form of carbonate tendency in thal$MCaO diagram of
the Saytepe samples (Figure 3). While ¥lues did not show any correlation with MnO and
P.Osin the Saytepe limestone samples, they were strongly positive correlation(Rith.S&),

FeOs (R=0.86), Ng® (R=0.78), KO (R=0.99), TiQ(R=0.97)(Table 4) indicates that Si, Fe, Na,
K, Ti are mostly provided by clay minerals.

88



¥zkan, Ali M¢j datGedhekigalPk @mp.erG%Erelse f The Saytepe For m:
Cretaceous) Carbonates Aroutkigg) HadEm And North (Konya,

ALO,*100

Si0,*50 CaO

Zr (ppm)

Figure 4. In the 8. Zr diagram, the silica in the Saytepe carbonates has a terrestrial tendency ant
biogenic origin

Kuchenbecker et al. (2016) stated that Rb/Sr ratios reflect the relative abundance of
terrigenous content and carbonate fraction. The Rb/Sr values of the Saytepe Formation samples
are 0.0008.030 (mean 0.0042) (Table 5), indicating that some Sr lassifrad as a result of
diagenetic alteration. Because Kuchenbecker et al. (2016) are slightly higher than the expected
0.0008 Rb/Sr value in carbonate rocks.

It is emphasized that Th/U values are very useful indicators in determining the provenance
of cortamination in chemical sedimentary rocks. Chemically formed sedimentary rocks can contain
debris such as volcanic ash, detrital material, and phosphate (Thurston et al., 2011).

Thurston et al. (2011) emphasized that the ratio of phosphate pollutionicalaloeks
occurs when having a Th/8 value, while other contaminations are represented by Th/U values
between & (Condie, 1993; Thurston et al., 2011). Since the Th/U values observed in the Saytepe
samples vary between 0.08 and 0.67, it indicatesaheeabf phosphate contamination.
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Zhang et al. (2017) stated that using tHerBla triangle diagram, it is possible to distinguish
between freshwater limestones, shallow marine limestones, and open ocean limestones. When the
Rb-SrBa triangle diagram ised for the Saytepe samples, the samples show the offshore
environment (Figure 5). Again, Zhang et al. (2017), the graph of Sr/Ba versus Sr/Rb can be used
to distinguish between limestones deposited in fresh water and limestones deposited in shallow
marire environments. When we reduced the Saytepe samples to the Sr/Ba versus Sr/Rb plot, all
of the samples indicated deposition in the shallow marine (continental margin) environment
(Figure 6).

Rb

OPEN OCEAN

Sr Ba
Figure 5. R&rBa triangular diagram of the Gaptamete samples. Diagram showing various limestone
depositional environments (from Zhang et al., 2017)
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Figure 6. Sr/Ba versus Sr/Rb diagram of the Saytepe carbonates
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Roy and Roser (2013), Yandoka et al. (2015), Xig€618), and Ding et al. {B) stated
that Sr/Cu and Ga/Rb values can also be used to determine the paleoclimate. Ga is mostly enriched
in clay minerals (especially kaolinite) and indicates-awmaidrclimate (Ding et al., 2018). Ding
et al. (2018) emphasized that the Rb elesmelosely related to the illite mineral and reflects the
cold and dry climate. The very low Ga/Rb values in the sediments indicate that the climate is cold
and dry. Generally, in warm and humid climatic conditiongydined sediments exhibit low
Sr/Cuvalues and high Ga/Rb values (Ding et al., 2018). Ding et al. (2018) emphasized that Sr/Cu
values between 153ndicate a warm humid environment, while values above 5 indieaig hot
climate conditions.

Figure 7 shows the Ga/Rb vs. Sr/Cu graph of tlygepa samples, with Ga/Rb G311
(mean 3.17), Sr/Cu -3®8 (average 200) values. Therefore, Sr/Cu values of the Saytepe samples
indicate warparid climatic conditions.
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Figure 7. Ga/Rb versus Sr/Cu diagram of the Saytepe carbonate sammdéso®iagzen shows
conditions (diagram from Ding et al., 2018)

The presence of rare earth elements in carbonates can be affected by many factors. (1) The
introduction of terrigenous detrital into the basin (Piper, 1974; McLennan, 1989), (2) the biogenic
deposibn from the water column in the basin (Murphy and Dymond, 1984), and (3) the interaction
process related to the depth, salinity, and oxygen content of the water in the basin ( Elderfield,
1988; Piepgras and Jacobsen, 1992; Bertram and Elderfieldeh983;6bal., 1999), (4) eutigenic
removal of rare earth elements from the water column in the basin and due to early diagenesis
(Sholkovitz, 1988).
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Seawater contributes very little REE to chemical sediments, but sediments that do not have
marine water chacteristics can have very high REE concentrations due to contaminatien by non
carbonate materials (Nothdurft et al., 2004) such as silichtaspfi@es, phosphates and sulfides
during the chemical filtration process (Zhao et al., 2009).

Positive corraktion with total rare earth elements,SKBO;, TiO,, and FgO; (R=0.62,
R=0.48, R=0.67, R=0.45, respectively) in terrestrial and shallow marine limestones indicates that
REE is under the influence of siliciclastic input (Zhang et al. et al., 2017). The strong positive
correlation between TREE of the Saytepe sammeSi® (R=0.92), AD; (R=0.94), TiQ
(R=0.81), F®3 (R=0.81) (Table 6) also highlights the effect of siliciclastic input on REE.

Zhang et al. (2017) stated that the size of the Ce anomaly of the limestones increased
significantly from spreading ridgesdntinental coastal seas. In the graph of Ce/Ce* vesSQus Al
and FeO; (Figure 8) the Saytepe Formation samples mostly point to the terrestrial margin and
partly to the open sea environment. However, in Figure 8a, two samples fall into the terrestrial
environment, possibly indicating an intertidal or supratidal environment.
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Figure 8. Ce/Ce* versii Ahd F©; diagram of the Saytepe carbonate samples. Limestones deposit
various storage environments (Taylor and McLennan, 1985)
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Murray et al. (1990, 1991) stated that Ce anomaly depends on the deposition environment,
high Ce values indicate oxic conditimhdle low Ce values indicate anoxic conditions. During the
transgression process, the bottom waters become anoxic and the whole rock Ce anomaly becomes
negative (Wilde et al., 1996). In the regression process, any fixed point in the base becomes shallow
therefore, the bottom waters will be oxic and the whole rock Ce anomaly will be positive.

Since the characteristics of the Saytepe Formation sediments occur in a transgressive shallow
marine (carbonattominated shelf) depositional environment, Wildé ét996) suggest the
applicability of the model proposed in this study. From this, we can say that the Ce values contained
by the Saytepe carbonate samples are negative values (Graph 1), indicating transgressive and anox
carbonate deposition. In the Ce* vs. Nd graph in Figure 9, all of the Saytepe samples fall into
the anoxic area, and in the Ce/Ce* vg/3ray diagram in Figure 10, all the samples fall into the
anoxic area, supporting the above interpretation. In addition, the fall of the Saytepe carbonate
samples into the anoxic area in the Pr/Pr* versus Y/Ho diagram in Figure 11 also indicates the
dominance foanoxic conditions during the deposition process.
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Figure 9. Ce/Ce* vs. Nd diagram of the Saytepe carbonates
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Figure 10. Ce/Ce* versus (Lattagyam of the Saytepe carbonates
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Figure 11. Pr/Pr* vs. Y/Ho diagram of the Saytepe carbonate samples

Ali and Wagreich (2017) stated in their study that limestone Ce anomalies are close to 1 and
differ from seawater (6014) values. They stated that (1) the presence of small amounts of clay
(from detrital input) minerals in pure and impure samples, (2)v@agdudted from the increase
in LREEs due to the degradation ofd@ataining organic matter a few cm deep in the sediment
column below the seafloor. Ce anomaly values in the Saytepe carbonate samples vary-between 0.37
1.54 (mean 0.88) (Table 8) and igiteehthan seawater values. We can say that the increase in Ce
anomaly in the Saytepe samples is due to the presence of clay minerals in the limestones and/or
the degradation of organic matter containing Ce in the seafloor sediments.

The redox potential &u/Eu* in agueous solutions is highly dependent on temperature and
less on the variation of pressure, pH, and REE (Bau, 1996; Bau and Dulski, 1996), and positive Eu
anomalies may be associated with acidic, reducing hydrothermal fluids.

Eu/Eu* in the Sayfge carbonate samples vary betweer2B8qmean 1.69; Table 8), and
they show great differences. In addition, although these samples show positive Eu anomaly, we
cannot say that they indicate any hydrothermal fluid effect. Because positive Eu arm@maly can
caused not only by hydrothermal fluids but also by the input of detrital feldspars. In addition,
Graph 1 shows that Saytepe carbonate samples have not undergone hydrothermal alteration.
Observation of >1 Eu anomaly in all Saytepe carbonate samplesdg¢exwo samples) indicates
that this positivity originates from detrital feldspars. Positive Eu anomalies, which are not common
in seawater, are mostly (1) an increased influx of hydrothermal fluids into the ocesmean mid
ridges (German et al.,909; (2) a slight increase in the primary or detrital feldspar component
(Madhavaraju et al., 2010); (3) due to diagenetic alteration of limestones (Brand and Veizer, 1980).

In the Eu/Eu* vs. Ce/Ce* graph of the Saytepe carbonate samples (Figure 42)plesr s
mostly show deposition in the margoftdhore environment.

Bau (1996), and Bau and Dulski (1996) stated that the Y/Ho valiésifddeawater are
high, while a constant chondritic Y/Ho value of ~28 is observed in terrigenous detrital and
volcamc ash. The Y/Ho value is betweer980in open sea water and varies depending on the
salinity (Lawrence et al., 2006). Recent seawater Y/Ho values are significantly higher than stream
and estuary water (Nozaki et al., 1999; Lawrence et al., 2006).
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Figue 12. Positions of Saytepe carbonate samples in Ce/Ce* vs. Eu/Eu* diagram according to vari
environments. The diagram is taken from Zhang et al. (2017)

The Y/Ho ratios of the Saytepe Formation samples (Table 8) have an average value of 35
(between 1€68B5), which is considerably lower than the open sea water v@0g & it is
observed that at some stages during the deposition of the carbonate, the freshwater suspension
load and/or the eolian states that the powders are mixed effecticbgnfdacker et al., 2016).
In addition, the low Y/Ho values of the Saytepe carbonate samgB&3, (36ng et al. (2014)
maintained the seawater values at a low rate (only 1 sample). This situation is observed in the Y/Ho
versus TREE diagram in Figure &8idating predominantly terrestrial input for REE.
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Figure 13. The Saytepe carbonate sampleSRERed¥dbi@am indicate a high degree of siliciclastic
contamination

Y/Ho values in the Saytepe samples were found to be low at lev&lgisigistic addition
(in i mpure | imestones) and higher at |l evel s
limestones) (Figure 13).

Ali and Wagreich (2017) stated that in previous studies, they found that the Y/Ho values in
seawater werep@aroximately two times higher than those of chondritic and shale values.
Researchers believe that this value is affected by redox conditions; they stated that due to the
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preferential adsorption of Ho to Y by Fe and Mn oxyhydroxide particles dissolveshaxider
conditions, it decreased from 102 in oxic waters to 67 in anoxic waters (Bau et al., 1997). We can
say that during the deposition of the Saytepe carbonates, the oxic conditions on the shallow shelf
turned into anoxic conditions on the deep shéfdh@e) and the Y/Ho values may have
decreased from 102 to an average of 35 (betw88h Ilis is also consistent with the fact that
Saytepe carbonate samples show the development under anoxic conditions in Figures 9, 10, and
11.

Possible Sources of Dieitic Materials in the Saytepe Formation Carbonates

Major oxides in sediments can be attributed to their origin, but some trace elements,
including Na, K, Ca, Mg, and Fe, are not fully compatible with source rocks due to variable
weathering and diagengtiocesses (McLennan, 1989; Xing et al., 2021). Stable elements such as
Ti, Si, Al, and Zr are relatively immobile during diagenetic processes and are often used as markers
to reflect terrigenous input (Hatch and Leventhal, 1992; Xing et al., 20219taRoe,irn
sediments Ti is commonly found in the minerals ilmenite @ericutile (TiQ), Si is most
commonly associated with siliciclastics, including quartz, feldspar, and clay minerals (Kidder and
Erwin, 2001; Xing et al., 2021), and in Al feldspkag minerals and other aluminum silicate
minerals (Rimmer, 2004; Xing et al., 2021).

The strong (R=0.98) positive relationship betweeraBidAIO; in the Saytepe carbonate
samples indicates that feldspar and quartz are derived from terrestitiafirthetsame source
(Table 4).

Al,O4/TiO , values are used to reveal the provenance of clastic rocks, and these values range
from 3-8 for mafic igneous rocks2& for intermediate rocks, and7&Lfor felsic igneous rocks
(Hayashi et al., 1997). TheQAMTIO ; ratios of the Saytepe samples & ¢3Bsamples); 1D (2
samples), and 22 (one sample) (Table 8), with 5 samples <3 and emphasizing the source rock
composition from mixed source rocks.

In addition, Al/Ti ratios are also used to determine whdtadetrigenous input is of a
stream or eolian origin. The Al/Ti ratios of the Saytepe carbonate samples range from 1 to 20
(average 6) (Table 8), and the fact that they are lower than the upper crust average value (27),
indicates that terrigeneous inputht® basin during the deposition process is via wind transport
rather than streams.

In addition, the source of terrigenous input in the Saytepe samples falls into the arid climate
zone (Figures 7 and 14), and the terrigenous material arriving in theibgsine deposition of
the Saytepe Formation shows a low level of input depending on the climate.
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Many authors (McLennan, 1989; McLennan and Taylor, 1991; McLennan et al., 1980;
Wronkiewicz and Condie, 1990) have suggested Th and La elements as indicators of felsic origin,
Sc and Cr elements as indicators of mafic origin, ard usake a distinction between felsic and
mafic provenance.

In the La versus Th diagram (Figure 15a), the Saytepe carbonate samples fall into the mafic
source area. The T4@r ratio is another indicator of source rocks (Mclennan et al., 1993; Xing et
al.,2021), where TilZr ratios of mafic rocks are higher than 200 and felsic rocks are lower than
55. Since the TYXr ratios of Saytepe carbonate samples are <<1, it indicates that the terrigenous
fragments were taken from the felsic source. In thevi@r diagram (Figure 15b), all of the
Saytepe Formation samples fall into the source area of felsic rocks. Therefore, the detrital that came
to the basin during the deposition of Saytepe carbonates was taken from mixed provenance.
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Figure 15. (a) Thuetsa diagram for Saytepe carbonate samplrsuyTdagram

It was emphasized by Cullers (2002) that the provenance of detrital rocks can be determined
in the plot of Th/Co versus La/Sc. When the Saytepe carbonate samples are reducei the Th/
versus La/Sc plot, it indicates that the detrital input originates from felsic rocks (Figure 16a).

The NaO versus KO separation diagram of the Saytepe Formation carbonates (Bhatia,
1983) indicates the high richness of quartz in the clastic inputs IBly). This situation is also
consistent with the quartz abundance observed in the petrographic examinations of our samples.
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Figure 16. (a) La/Sc vs. Th/Co diagram for the Saytepe carbonate samples (diagram taken from
2002), b) N® vs. KO diagram
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Bear@EmpjacEty And El astEc Settl ement

Mustafa AYTEKIN 1

Introduction

There are many methods proposed to estimate the bearing capacity and elastic settlement of
shall ow foundations. I n authords opinion, a
al |l I's the effective area medayhkodthetséttementi s al
estimations, the Schmertmann Method is among others is the best estimation approaches.
However, application of these methods as they have proposed originally are a little bit time
consuming. In this chapter, you will find theséodstare modified to overcome their shortages
since these methods are modified by the author to be able to apply in an easy way.

In this chapter, the author has concentrated on the bearing capacitway weogentric
shallow foundations. In rectanglglquare based and twyay loaded (twaay eccentric) shallow
foundations, four zones in which the resultant load might act are defined in the effective area
method. Three out of the four zones that are employed in the determination of the effective areas
overlap around kern. Only one zone that has a triasgafsed effective area (called as case 1 in
the literature) out of the four zones has no overlap with the others. The resultant load will always
be out of the kern for case 1, and also it might bef tle kern for the remaining three cases.
Design of foundations is not acceptable in general if the resultant load acts out of the kern. In the
present study, the four cases are reconsidered. The zones on which the resultant load can be acting
for the faur cases are modified because these zones are overlapped partly. The modification has
been made to have clear borders between the zones. On top of that, zone 4 is divided into two. A
new zone corresponding to the area of kern is defined as zone 5ghheiltibsi accepted if the
resultant load acts within zone 5 (the kern). Also, the graphs in use to determine the dimensions of
the effective areas are eliminated since it is not precise. Formulae are derived to determine the
dimensions of the effectiveeas instead of using the graphs. Two new criteria are discovered and
proposed to check whether the resultant load acts outside, inside or on the borderline of zone 5
(the kern).

One of the methods intensively employed in many practical projects to estimate the
immediate (elastic) settlement of shallow foundations is the SchmEniaamBrown
method (1978). In the method, two approaches are given as a function of typeatébwhe sh
foundation either a square/circular (axisymmetric condition) or a strip (plain strain condition)
foundation. Thus, two sets of equations are provided to estimate the settlements for these types of
shallow foundations. If a shallow foundation haaesif rectangular, some approximations are
suggested in the technical literature to estimate the elastic settlement of rectangular based shallow
foundations. These approximations are tedious and time consuming. In this study, the
Schmertmand Hartmand Brown method (1978) is modified and only one set of equations used
for any type (square, circular, rectangular, and strip) of shallow foundations is introduced. The

1 Prof., University of Bahain, Department of Civil Engineering,
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modified method estimates the immediate settlement as precise as the original forthad the me
that is more complicated. Also, some hypothetical cases are considered to figure out the effect of
width and length/width ratios of foundations on elastic settlement.

Bearing Capacity

The bearing capacity estimation on the geotechnical desigmalfytloaded (twavay
eccentric) foundations are as follows:

a. Determine the eccentricities ®alrd € seen in Fig.1 in both directions of B and L,

respectively.
9]
|«
e /

B

B

L
Fig.1 Twavay loaded square/rectangular foundation

b. Determine the dimensions of the kesrs@en in Fig.2 and check the location of the
resultant load (Q) whether it acts inside, outside or on the border line of the kern.

Fig.2Dimensions of the kern

Use the criteria seen below to find out the location of the resultant load (Eq.1).
— — P 1)

If Eq. (1), which is actually the last two terms of second parenthesis of Eq.(2) has the value
equal to one, the minimum bearing pressure would be nil whereas if the value is more than one, it
would be a negative number, which means theuninr@aring is tension. In other words, if Eq.

(1) is satisfied, the minimum bearing pressure is either compression or nil. Otherwise, the minimum
bearing is a negative value that reflects a gap between the base of the foundation and underlying
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soil. Sincao gap in the design is accepted under any foundation, there must be some solutions to
avoid this situation like increasing dimensions of foundation or reducing the eccentricities
physically.

c. Use the sign (+ eyin Eq. (2) to calculate the maximumramdmum bearing pressures
at the base of foundation according to the position of the load (inside, or on the border line of the
kern).

A — 6 p — — )
where
Q: Load from superstructure
W: : Weight of foundation
B and L: Width and length of foundation, respectively
Uor : Pore water pressure at the base level of the foundation
es and e: eccentricities on B and L directions, respectively.

In the design, the maximum bearing pressure muetsbthan or equal to the allowable
bearing capacity of soil, and at the same time the minimum bearing pressure must be compression
or at least zero but not tension. Once, the maximum and minimum bearing pressures are estimated,
allowable bearing capacityh® foundation must be determined too.

The bearing capacity of foundation can be
bearing capacity equation (Terzaghi, 1943) is widely used to estimate ultimate bearing capacity of
foundations even it has mdyitations in practical applications. In order to minimize these
limitations, many proposals have been made by resedelyertof, 1963; Prakash and Saran,

1971; Saran and Agarwal, 1993; Vesic, 1973; Sawwaf and NaKiralitdiihoft and others,

2012 Loukidis and others, 200®ne of these methods has been proposed by Meyerhof (1963)

and his proposed method is knowrMayerhof Bearing Capacity Equation, General Bearing Capaci
Equation, or The Effective Area Metkiod 1973 has also proposedquation almost identical

with Meyerhofods equation. Meyerhofds gener al

qu = ¢'NFesFeaFei + QNgFgsFqaFqi + 0.5YB'Ny F o FyaFy; @)

Then, the ultimate bearing load can be estimated as follows.
0 N O 4)

A procedure to determine the effective are
in the Meyerhofds gener al bearing capacity e
addition to one proposed by Meyerhof (1963).

It is the common prdice to employ the proposefiective atetermination on the design
of two-way loaded foundations. In the determination of effective area, four cases are provided to
design a square/rectangular based and/aydoaded foundations by Highter &AndefOBb.
In the determination of the four cases, the criteria are the ranges of the dBosund /L.
In general, nothing is mentioned for these four cases about the application points of the resultant
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loads whether it is in or out of the kern. H®veanything may occur in terms of eccentricity. It
means that the resultant force can be in, out or on the border line of the kern except case 1 in that
eccentricity is always out of the kern.

Cases defined in the effective area method

When one hasd@oser look into the four cases mentioned in the effective area method, the
resultant load is always out of the kern in case 1 seen in Fig. 3, mostly out of the kern in cases 2
(Fig.4), and 3 (Fig. 5), some area out of the kern even in case 4 (Figtbg ddaes should be
modified in order to have a clear border between the cases. Only case 1 has the areas not overlap
with the areas of the rest of the cases. There are overlaps of the areas in the cases of 2, 3, and 4 a
seen in Figs. 4, 5, and 6. Tbeez4 seen in Fig. 6 is the common zone in the cases of 2, 3, and 4.
The shapes and borders of the effective areas are taken from Das, 2007.

CASE 1j(e/L) > (1/6) and (&/B) >(1/6)] As it is seen in Fig. 3, the resultant acts within the
zones 1.

Effecuve
area

»

= ——]

< B >

Fig.3 Resultant load acts in zones 1 (Case 1)

It is obvious that the resultant acts out of the kern so that minimum bearing pressure would
be tension and a gap between the base of foundation and the underlying soil would occur.

CASE 2](e/L) < 0.5 and 0 <(e/B) < (1/6)] As it is seen in Fig. 4, the resultant load acts
within the zone 2. Again, it is obvious that the resultant load is not always acting within or border
line but mostly out of the kern so that minimum bearing pressure would be tensi@andastly
gap between the base of foundation and the underlying soil would occur.

CASE 3:[(e/L) < (1/6) and 0 < (e/B) < 0.5] As it is seen in Fig. 5, the resultant load acts
within the zone 3. Again, it is obvious that the resultant load not alwgysidghror border
line but mostly out of the kern so that minimum bearing pressure would be tension mostly and a
gap between the base of foundation and the underlying soil would occur.
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Effective
area

b b

7 O

[e——5——

,TLI ; ’«/
%

€L

/7

1
1

>
B/3
B

>
-

Fig. 4 Resultant load acts in zone 2 (Case 2)

)

<
B/3
B >

N

Fig. Resultant load acts in zone 3 (Case 3)
CASE 4: [(€L) < (1/6) and (&/B) < (1/6)]

As itis seen in Fig. 6, the resultant load acts within the zone 4. The resultant load not always
acting within or border line but it might be out of the kern so that minimum bearing pressure might
be tension and a gap might occur between the base @itimuiaehd the underlying soil.

) [f——8—
007
2L : g il
3 —'E 7
L3, (L _ |72

Oun Effective

f;ucu_ ]
|
R [
I

NES e

B S

Fig. 6 Resultant load acts in zone 4 (Case 4)
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Modified Cases

CASE 1lis not modified so that it will remain as it is. In the modified cases of 2, 3, 4, the
resultant load is out of the kern mostly, and it is always betkefrt in case 1. Thus, these cases
may be employed for any research or other purposes except the design that would be applied in
the field because there would be tension between the base of foundation and underlying soil.

In this study, a new caseedimed agase PFig.11) that is actually representing the kern so
that case 5 can be used to design foundations that would be applied in the fighEesalisat
load acts in the kern so that the minimum bearing pressure would be a positvevast
nil.

Modified CASE 2 Modified and redefined as seen below

[(1/6) < (e/L) < 0.5 and 0 < (¢/B) < (1/6)]. When these ranges are applied to zone 2, it
will become as seen in Fig.7. You can see the difference by comparing Figs.4 and 7.

A

TL.-‘B L

AR

A S——
B/3

B

Fig. 7. Zone 2 to after the modification

The dimensions of the effective area seen in Fig. 4b can be calculated by the Egs. (5 to 9)
instead of using the graph generated in the original effective area method.

0 — (5)
0 8 T % pbd © (6)
0 50 0 7)

The effective area;
o -0 060 (8)

and the effective width;

0 (9)
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Modified CASE 3:Modified and redefined as seen bfleyl) < (1/6) and(1/6) < (es/B)
<0.5

When these ranges are applied to zone 3, it will become as seen in Fig.8. The difference can
be seen by comparing Figs.5 and 8.

Fig. 8 Zone 3 to after the modification

The dimensions of the effective area seen in Fig. 4b can be calculated by the Eqgs. (10 to 14)
instead of using the graph generated in the original effective area method.

o — (10)
8 2T &5 p& & (11)
5 66 & (12)

The effective area;

0 -6 0 0 (13)
and the effective width:

o6 — (14)

Modified CASE 4:The four dark triangular zones seen in Fig. 9 represent zone 4. The
eccentricity of theesultant load would be within the following borders for this case.

Q Q ,and— -and— -

wheree andQ are calculated from Eqgs.(19 & 18), respectively. The effective area and
effective width for this case would be calculated just like the procedure given in case 5.
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4 TL.-"?H L

=

B

Fig. 9Zone 4 to after the modification

CASE 5 (New) A newly considered case in that only the zone of kern will be considered
(see Fig. 10). Two criteria for this zone have been determined by the author and given below. One
of the criteria can be employed to determine whether the resultant load @& oytasf the
border line of kern.

Criteria 1:

The kern is seen in Fig, 11a (zone 5), and one of the four parts of the kern is shown in Fig.
11b. To create a criteria that would be employed for the case 5 in the effective area method, the
steps are aslfows.

1. Find anglestiC]C]0Jandl1(] in Fig.11b as seen below.

e - (15)
oo MhE — (16)
opwm (17)
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Fig. 11 The value of eccentricities on a foundation

2.Find maximum value of eccentricity within the kern:

Q —&

3. Find the existing eccentricity;

Q Q Q

Application of resultant load is within the kern if

€ < Enax

Application of resultant load is on the borderline of the kern if
€ = Gnax

Application of resultant load is outside of the kern if

€ > Bnax

(18)

(19)
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Finally, check the criteria of the modified cases given here. If e is less than orggual to e
then, employhe procedure for case 5.

Criteria 2:
In order to have the application point of the resultant load within the kern, when the

eccentricity on{direction only, maximum value p£eB/6, the eccentricity on-tlirection must
be equal to zero.(e 0) or wise versa if the eccentricity editection only (see Fig.12).

B
e slope = BIL
o
—_t eL
| Lis |
Fig. 12 One fourth of the kern
Thus, the following relationships can be written:
n — - — (20)
Or
n — - — (22)

If this is the case of eccentricities, the resultant load acts either in the kern or on the
borderline of the kern. If this criterion is not satisfied, it means that the location of resultant load
is out of the kern. In this case, minimum value of thenbgaessure would be tension so that
the foundations with a tension under it should not be designed in general because there will be a
gap between the base of the foundation and soil under lying instead tension stress.

If the resultant load actsaane 5, which is actually the kern, the shape of the effective area
would be similar to one seen in Fig. 13b. Coordinates of the effective area can be located from 0
to 5 that must be numbered clockwise as seen in Fig 13a. The coordinates of thie pyiats (O
numbered as follows:

006,¥6), 106y2), 20%Ys), 3(%.¥s), 4(%¥a), S(%.¥5)
Actually, ¥= xs, and y=ys From Fig. 13b:

0(0,0), 1(0, L), 2(x, L), 3(B,y), 4(B,0), 5(0,0) can be written.
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cy A ¥
' 4 }’
7R3

Fig.13 Coordinates of effective area

Coordinates (Cand G) of the centroid of effective area can be written as follows (see
Fig.13b):

5 - Q (22)
5 - Q (23)

Also, these coordinates can be written as follows:

5 -B  ad @ (24)
58 —B & & 00 O o (25)
58 —B O O 00 o o (26)

The right side of E25) is equal to the right side of Eq. (20), and Eq.(26) is equal to Eq.(23).
Therefore, Egs. (27) and (28) can be derived as follows:

W0 ®w 0 wOo6d 6w o- 0Q w0 w00 60w 1 (27)
] 0 Wwwwod 60 o- Q w0 W o0 60 T (28)
Egs. (27), and (28) can be solved for unknowns of x and y numerically by a proper method.

In this study, a MATLAB code has been developed to solve these equations and normalized values
are given in Table 1. The effective area can be detefnanmed

0 -00 w0 6w W (29)
Or
0 -0 w0 0o 6w (30)
Or
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0 00 -0 w0 (32)
And the effective width;

5 — (32)

Tables 1 and 2 can be used to determine effective area for this caseejuit tescribed
case 5.

Table 1. x / B values

el/L 0.027 0.053 0.080 0.107 0.133 0.160

eB/B %/B values

0.02 0.4614

0.4 | 0.7380 0.3408 0.0825

0.06 | 0.7323 0.5006 0.2389 0.0519

0.08 | 0.69%66 0.5352 0.3303 0.1491 0.0124

0.10 | 0.853% 0.5250 0.3628 0.2027 D.0688

0.12 | o.é0%0 0.4982 0.3633 0.2244 0.1000

014 | 0.5636 0.4642 0.3475 0.2259 0.1125 0.0144

0.16 | 0.5184 0.4272 0.3232 0.2150 0.1120 0.0204
Table 2.y / L values

el/L 0.027 0.053 0.080 0.107 0.133 0.160

eB/B y I/ L values

0.02 0.7819 0.7823 0.7256 0.6634 0.6006 0.5386

0.04 0.3254 0.6211 0.6249 0.5830 0.5304 0.4747

0.06 O.0%7T D:385% 04853 0.4812 . 4949659 0.%021

0.08 0.1901 0.3303 0.3655 0.354 0.3232

0.10 0.0467 0.1902 0.34995 Q.3584 0.29.9

0.12 00056 0.143%9 0.1687 o.1623

0.14 0.0530 0.0833 0.0879

0.16 0.0100 0.0204

Elastic settlement

It has been a principal issue to estimate the settlement of foundations for civil engineers.
Thus, many researchers have studied the problem telgdti@ solution of it. Terzaghi and Peck
(1948) proposed an empirical relationship between the settlement (Se) of a prototype foundation
measuring BTB in plan and the settl ement of
the results of 14 sedfload settlement tests. Bazaraa (1967) also provided several field tests results.
Both gave correlation of settlements between with size of plate used in the tests and size of
foundation that would be designed. Jeyapalan and Boehm (1986) and Papddépaylo
summarized the case histories of 79 foundations. DeBeer and Martens (1957) and DeBeer (1965)
proposed another formula to estimate the elastic settlement of a foundation. Burland and Burbidge
(1985) proposed a method for calculating the elastimset of sandy soil using the field standard
penetration numberdl
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The SchmertmarAdartmanBrown method (1978) is commonly used for the estimation of
elastic (immediate) settlement of shallow foundations. In the procedure on the estimation of
immedia¢ settlement, two approaches are used. One for axisymmetric (square and circular
foundations) cases, and the other is for plane strain (strip foundations) condition as seen in Fig.14.
In case of rectangular foundations, there is an approximation in hioel imgtusing both
axisymmetric and plane strain conditions.

q b o
] ML
TS Moy,
' o'
I B> i o7,
~
2
E
o
328—'
- |
7 _
[T R N e— Axisymmetnic
Plane stram
@ T T T T 1

0 01 02 03 04 05 06
Strain influence factor, I;

Fig. 14Variation of stress influence factors (a) square/circular based and strip foundations (Sschn
1978), (b) Proposed variation of strain infludime) factanyishapkadtiow foundation.

Schmertmannd Hartman - Brown Method (1978)

In this method, immediate (or elastic) settlemehtsf €hallow foundations are calculated
by EqQ. (1) seen below.

y alal ] < AZiIzi
S, :(’I(’Z(’ﬂ(q_azD)Zf
a Eg (33)
Where
C =1- 0_54: 9 l
'\q - zD (34)

Correction for strain relief dteexcavation,

Ve N
{ |

C, =1+02log| —
: °8l01) (35)

Correction for creep,
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N\

C: =1.03-0.03| = |>0.73

b &

(36)
g = gross contact pressure of footing,

.  Effective stress at the base level of footing before the construction

Y& =thickness of soil layer i.

"O¢ strain influencéactor of layer i.

O i= elasticity modulus of layer i.

B = width of foundation

L = length of foundation

According to Fig.1a, the exact value of Izi at any depth can be determined as follows; For
square and circular footings (L/B=1)

L=01+2(2,-02) if (0<z<3)

(37)

L =06671,(2-2) if (2<z<2B) (38)
For strip (continuous) footing®® 1 0

L=02+(%)(1,-02) if 0<z<B) (39)

1,=03331,(4-2)  if (B<z<4B) (40)

For rectangular footings in which the length is greater than ten times the width, the plane
strain approach is used. For rectangular loads in which the length is lessrtrenttenwidth,
a linear interpolation between the axisymmetric and plane strain case is performed, dependent on

the length to width ratio. For the rectangular foundatpns— p 1

L
I, = Ly + 0.111(Lc — L) » (£ - 1) 1)

where

I..= strain influence factor for strip footing that has a width of B,

I.s= strain influence factor for square footing that has a width of B, this value must be at
least zero or larger
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As it is seen above, the calculations of strain influence factors @reatsinand time
consuming. To avoid these problems, the method is modified and a procedure much simpler than
the original Schmertmann et al. method.

Modification of the SchmertmannHartman-Brown (1978) Method

In this paper, the SchmertmaénHartman- Brown (1978) method is modified by
considering boundary conditions of the square/circular (L/B = 1) and strip (LI/8)
foundations. Equations on the calculation of strain influence factors for any type of shallow
foundation such as rectangular, squacelan, strip in Eq. (33) have beedneen. Thus, the
following procedure has been prepared to estimate immediate settlements of any type of shallow
foundations. In the modified method, the assumed variation of the strain influence factor is seen
in Fig 15. The user should not be worried about the problem whether it is an axisymmetric or
plane strain problem. The data that are needed to be used in the modified method are the size,
depth of foundation, load (or bearing pressure), unit weight of stigérramd thickness of soil
layers and their modulus of elasticity values under the foundation within the depth of 2B or
maximum 4B. The author suggests to users that consider the layers only within the.depth of z
that can be calculated by Eq. (18) fiwerbtase of foundation.

Base of footing Izo _41}‘_{; o 0

L s

Zp

v Izp l*‘lll 0-':;:

Zmax

L-Line

Fig. 15Variation of the strain influence factor for any type (square, circular or rectangular) of shallov
in the modified method

Calculation steps of the modified approach for any type of shallow foundations:

1. Calculate the followings:
1. Total bearingnessure (contact pressure):
_P+W, 42)
9TA
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Where

P = Column load

W: = Weight of footing

A= Base area of footing (BxL)

Effective overburden pressure at the base level of foundation:

., [0 0o (43)

Net bearingressure
n n e (44)

Where
Up = pore water pressure at base level of footing

C., G, and Gwould be calculated from Egs. 34, 35, and 36, respectively.

Up to this point, all the procedure and calculations are same as the original rteathod. Af
this point the modifications would take place.

4.

(45)

Depth of z at which the peak of the strain influence factpog@curs (see Fig. 15).

Its value must be B/2 and B for square/circular based footings and strip footings,
respectively. The following equation can be used for any type of shallow foundations
to get the depth of which peak strain influence factor occurs.

¢« - p— - 67c a8
As an alternative, Fig. 16 can be used tg\gdtie as follows.

a 60n (46)

Where Gis a coefficient that can be taken from Fig.16.
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1.1

0.9

0.8

Cp

0.7

0.6

0.5

0.4

5.

L
C, = 0.0555 E+ 0.4445

1 3 5 7 9 10 11 13 15 17
L/B ratio

Fig. 16Cycoefficient as a function of L/B ratio

Effective overburden pressure at the depth. @it zvhich peak of strain influence
factor takes place:

. Ol 47)
Where
[ & submerged unit weight of soil

The strain influence factoy, (at the base of any shape of a shallow foundation) is
seen in EQ.16. Its value must be between 0.1 and 0.2 (Fig. 17).

0 - —- - pm
(48)

As an alternative, can be taken from Fig.4 as a function of L/B ratio.
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0.25
0.2
0.15
9
0.1 L _
3o = 0.0111+0.0889 [z0=02
0.05
0
1 3 3 7 9 10 11 13 15 17

L/B ratio

Fig. 1 Variation of | zo as a function -o0atiéB

The peak value of strain influence factor same as Schmertmann et all. (1978) method:

O ™ W — (49)

Depth z.axat which the strain influence factor would be reduced to zero.

& -0 —8 ¢ & 16 (50)

As an alternative Fig.5 can be used to.gealue as follows.
Q 00 (51)

Where G is a coefficient that can be taken from Fig.18.

4.5
4
Cm=4.0
3.5
3
£
o
2.5
, Cm = 0.2222(L/B) + 1.7778
1.5
1
1 3 5 7 9 10 11 13 15

L/B ratio
Fig. 18Coefficient of Cm as a function of L/B ratio
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9. Calculation o0 values ofJ-linein Fig. 15 by Eq. (52)

O ° a
if T a a
(52)
10. Calculation 0O values om.-linein Fig. 15 by Eqg. (53)
©c 0 —— a a if a a «a (53)

2. Modulus of elasticity is estimated by tip resistapnoéCmpne Penetration Test, CPTsif E
values are not known Eq. (54).
O N @Ywmpp - pm (54)

Terzaghi, Peck and Mesri, 1996) suggest using the following equation.

E
—5 _1+04 1og(§) <14

ESH_ B=1)

“’here E.\'I{. B=1)

=3.5¢q,

Note: If the modulus of elasticity of soil layers are known, no need the estimation by Eqg.
(54).

Elastic (immediate) settlement calculation is same as Schmertmann, et all. (1978) method Eq.
(1) seen below:

Y 6860 y (1)

Hypothetical Cases:

Once modification of Schmertmannds met hod
(immediate) settlements became quite simple with a simple computer code prepared. Then, the
effect of L/B (length/width ratio) and B (width) on elastic settlement isigated. For the
hypothetical case, the foundation and soil profile seen in Fig. 19 are employed.

GL
‘ * q =100 kPa
E ; = 15000 kPa
Duw D¢ '
Ysat =19.5 kN/m3

B

Fig.19Soil profile and foundations in hypothetical cases
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The variation of settlements with L/B starting from 1 to 12 for B =1, 3, 5 meters have been
estinated by the code and plots are given in Fig. 20. As itis seen in Fig. 7, when L/B is increased,
settlement increases too until L/B=10. Then, there is no change on the settlement. Similarly, when
B is increased, settlement increases too.

40.00
_ 35.00 B=5.0 meters
=
E 30.00
@
< 25.00
2 B=3.0 meters
*
w 20.00
v
o
g 15.00
E
@
g 10.00 B=1.0 meter
2 ® —————o—o

5.00 —o—
0.00
0 2 4 6 8 10 12 14
L/B ratio

Fig. 20SettleméWidth versus L/B ratios

However, once the settlements are normalized ast has been seen that when B is

increased,— ratios are decreased as seen in Fig. 21.

CONCLUSIONS

The following conclusions are drawn after the analytical and aumericdone in this
study.

1. Clear borders among the four zones are established without overlaps. That means borders
of the zones given in the technical literature are modified.

2. Zone 4 is divided into two. In other words, zone 4 has been modified andan@ew
(zone 5) is defined.

7.50

7.00

@
wn
=}

—8—B=1.0 meter

Bl
=}
S

B=3.0 meters

“
5]
=}

B=5.0 meters

o
=]
=]

Se/B ratio *(107-3)

Eal
w
=]

E
o
S

0 2 4 6 8 10 12 14
L/B ratio

Fig. 21Settlement/Width versus L/B ratios
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To check whether the resultant load acts in zone 5 (kern), two more criteria have been derived
in addition to one in use.

To calculate the effective areas for the defined five zones, formulas have been derived instead
of employing the graphs in calcutabbeffective areas for all of the cases.

Since the hand solution of formulas for zone 4, and 5 is impossible, a MATLAB code is
generated, and the equations are solved. However, any other numerical technique can be
employed to solve the equations of §2d)(28).

The Schmertmann, et al (1978) method is modified, and a more convenient approach is
proposed, so that there would be no worries about the foundation whether it is ab
axisymmetric problem or plain strain problem. Also, only two equations wejuldyed

to calculate the strain influence values in place of five equation in the original method.

The settlements increase from L/B = 1 until it is 10, after that (L/B > 10) no more settlement
would occur.

Settlement/width ratio would be decreasingevind width of footing is increased. This result

shows that angular distortion of footings with larger width (B) would be less than the angular
distortion of footings with smaller B.
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EvEdent Eal -CFkErtery EMMluDEEEsSEon MakEng Ba

Galip Cihan YAL

Introduction

The decisiomaking process is tipeocess of selecting the best alternative by evaluating
alternatives according to one or more criteria. The decision maker will need to combine the data at
hand while evaluating the alternatives according to the criteria. Data aggregation is the process of
obtaining information about different situations or events from various and different data sources
and then integrating them from a single data source to reach final results with higher accuracy. In
other words, data aggregation is an approach to handles\sources of information that are
imperfect in various ways, and ultimately to obtain a clearer view of the situation, thus reducing
uncertainty. Much of this data to be combined is uncertain. Common causes of uncertainty are
imprecision, randomnesglavzagueness. We can express the errors arising from the measurements
made as the state of being imprecise. The reason for ambiguity is the uncertainties arising from
verbal or linguistic expressions such as "good", "bad" during decision making. fiaamg are
methods developed to combat situations such as incompleteness, uncertainty and inconsistency
that negatively affect the decisimaking process. The basis of these methods is Probability
Theory, Fuzzy Set Theory and DempShafer Mathematical Probheory. And the main
purpose of these methods is to combat the uncertainty in the deeisiog process. Among
these methods, Fuzzy Set Theory and DST are
Theory helps to select the most appropriate eeidesra different sources at different times,
while DST helps consolidate evidence for the final assignment process (Chatterjee & Namin, 2021).

Fuzzy sets, rough sets, DST and many similar methods are used to identify information that
is currently uncertaiAnd many of these methods can be translated into a framework on evidence
theory. DST stands out because it can better represent information that is uncertain by using basic
probability assignment (bpa) and applying uncertainty reasoning. DST notvaldg pro
mathematical framework for modeling uncertainty, but also provides a method of combining data
from different sources (Deng, Xiao & Deng, 2017). DST can effectively combine the uncertainty
of conflict information, but it still has some shortconiimgenflict between different sources of
evidence (Xiong, Su & Qian, 2021). DST offers several advantages, including the ability to transfer
probabilistic measures to focal elements and assign probabilistidovahesproof-of-
discrimination framework (Chatterjee & Namin, 2021).

Method

DST, which emerged with A.P.Dempster's work on determining the lower and upper limits
of probability in 1967, was developed in 1976 with some additions in G.Shafer's book titled
Mathematial Theory of Proof. At the beginning of these additions; opinion function (belief
function) definition comes. For this reason, the theory was named DST, taking the name of both

1 PhD. Student, Kirikkale University, Institute of Science and Technology, Mathematics Program, Kirikkale, Turkiye,
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fathers of ideas. This theory is a numerical method and was developedthoitieaiplete and

uncertain information. DST has successful applications in many areas from artificial intelligence to
medical diagnosis, from statistical classification to data fusion, from face identification to risk
assessment, from target identificetio multic r i t er i a deci si on anal ysis
been widely studied and applied because of its advantage of effectively handling uncertainty
problems in combining mu#iource information. Many-@epth studies have been carried out

with DST, which is presented as an effective method to solve the uncertainty problem (Zhu &
Xiao, 2021).

As an extension of probability theory, proof theory can better handle unknown and imprecise
information. Because of its advantages, evidence theory adtexiality and efficiency for
modeling and processing uncertain information. The uncertainty measurement plays an important
role in both evidence theory and probability theory. In probability theory, Shannon entropy
provides a new perspective for meagwncertainty. Various entropies are available to measure
the uncertainty of the bpa in proof the@gr{g, Xiao & Deng, 2017

DST is an advanced version of Bayesian probability theory. It has the advantage of showing
"uncertainty” by distributing prdiity to multiple event hypotheses rather than a single event
(Zhu & Xiao, 2021). There are some features that distinguish Bayesian inference and DST, which
has many common denominators. In Bayesian inference, the weights assigned to the situations are
cdled "probability”, while in DST they are called "mass". The most important distinguishing feature
is; In DST, there is no obligation to give a clear value to the variables as in Bayesian inference. For
example, in Bayesian inference, everything takevaueesuch as "0" and "1", "black" and
"white", while in DST it can take any value

If g is a set containing all possible possible values of a variable and the ebpruents in
mutually exclusive, thgns referred to abe perceptual framgipng, Su & Qian, 20p1

Consideringg g 0 M B M BAED  as the frame of discernment and ¢
Phdo hd Bhod hodohd Mho hdo Bhd g asall subsets gf the function
indd; © tip formatis a bpa function if the following conditions ar¢ nBet, y ¢ k y az Ec E &
2009):

We can define the values of the bpa function here as the probabilities of each element in the
frame of discernmemt. The functiond is called the function bpa aadw is called the
fundamental probability afXiong, Su & Qian, 2021

When x is treated as any subsgtarid the fundamental probability value is different from
0, wis a focal elemenKipng, Su & Qian, 20R1The value received for any focus element
belonging to the belief function is called the degree of Belief ¢ k yaz EcCE & Sucu,

There are twoanfidence criteria: the belief function (bel) and the plausibility (pls) function.
As the first confidence criterion, the -bm@ne opinion function is defined@&jer © Tip
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and this value is obtained from the sums of the propositions in qugstimm( Curry & Morgan,
2000).

O'Qa 4d6h 1O0PO

Another of the confidence criteria, the-tmene plausibility (pls) function, is defined as

edf © Tip .

nad p Qb & 6h J10PO

n

bel(A) and pls(A) are lower amaper limits of function A. The lower limit indicates the
degree of support for the hypothesis, and the upper limit indicates the maximum degree of support
expected to be assigned to the hypothesis (Xiao, 2020).

The relationships between the variables evimass values are observed and their
relationships with the values obtained from
of combination (¢avdur, 2005) . I nformation o
easily combined withtheDemst er 6 s rul e of combination (Xio

When the independent evidence sourceand are combined, the O S
0 d®° h toa function is obtainegKiao, 2020)The$ operator has commutation and
union propertiesiong, Xu & Deniux, 2021).

0= Bl -0 [0 F _
: _

Here L can be expressed as the conflictfic@nt (amount of conflict) betwegn and
O and is calculated with the help of the following formula

0 d 6a 0
hyv s, p
The operations in the DST method are shown below step by step:

Stepl: Alternatives are given values inviitie the verbal expressions shown below by the
decision makers (Shemshadi et al., 2011):
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Table 1. Linguistic variables for the fuzzy rates of the alternatives

Linguistic Variables Abbreviations Fuzzy Number Values
Very Poor VP (0.0, 0.0,0.0,2)

Poor P (0.1,0.2, 0.2, 0.3)
Medium Poor MP (0.2,0.3,0.4,0.5)
Fair F (0.4,0.5, 0.5, 0.6)
Medium Good MG (0.5, 0.6,0.7, 0.8)
Good G (0.7,0.8,0.8,0.9)
Very Good VG (0.8,0.9,1.0,1.0)

Step2: A decision matrix is created by assigning fuzzy number values to linguistic variables.
Step3: The decision matrix of the criteria is created.
W VL 8080

In addition, the decision matrix containing the values taken@gtieernat/e according
to the’ B Qcriterion is prepared by ti@Qdecision maker

n,(b I% () I?~ w 0]
11 & E é E é Iy
® w E o 8 o
1 é E & E € n
w O E o 8 e U

Step4: The elements of the weighted decision matrix are calculated with the following
formulas

() w z0
) w z0
) w 0
() w z0

The weighted decisiomatrix is created as follows:

w E o E o .
~o N " N " 11
mné E é E é
o "o E o 86 7
||é ~E é E é "
o E o 8 w
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Step5: Aggregated weigdtt decision matrix elements are calculated with the following
formulas.

W a Qetw
. p .
w - w

(0]
. p .
W Y W

(0]

) A O Ow

The aggregated weighted decision matnigased as follows:

w E o E o .
~ - " . A’II
e E é E ér
o '"d E o 8o ¢
||é E é E é.’.
w o E o 8 o

Step6: Combined fuzzy values are calculated separately for benefit and cost criteria. For
this, the following formula is used:

o) i A@ for benefit criteriad( 6)

) [ ET , forcost criteriad( 6)

— A —h—h— FQEd &
of
— F—h—Fh— A6

The normalized aggregated weighted decision matrixad esetidllows:

o E d E o
& E & E é~
o ''d E 4 8 d 7
é E & E §&,
W E o 8 o
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Step7: The elements of the normalized aggregated deugioxr are calculated with the
help of the following formula:

0QW

rr rr - -7 7
rr r r

The normalizedggregated decision matrix is created as follows:

Jjood E oQd E oQd
y 6 E é E &
oqQua !''oQd E ~'O'Q"6f 8 oQd 7
I € E €é E &
poaod E oQd 8 ood

Step8: The defuzzification process is performed by applying the following procedure to the
normalized aggregated decision matrix elements:

r
r

0 phcfB e

o«

0oQd
The defuzzified matrix is created as follows:

Jjood E oQd E oQd
I & E & E &
oQM !'oQd E oQd 8 oQd 7
X € E €é E € o
poed E oQd 8 oQd
To calculate the degree of uncertainty of the criteria;
Step9: The belief entropyO 6 of thed Q phchB Fe criterion is calculated with the
following formula (Kang & Deng, 2016):

0 0 B 0QQ a¢t-0—

As a result of applying the following procedure to the calculated belief entropy, the
uncertainty degree of the craaris calculated:
- B —
Y O Q Q

Step10: The degree of uncertainty of theeriterion is normalized with the help of the
following formula:

Y6 hQ phgiB FE

B
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Stepl1l:In terms ofd criterion, the bpa value @f alternative is calculated with the help
of the following formula (Sun, Li & Deng 2020):

a n T

a 6 oQW zp Y

Step-12:Multiple proofs are combinedwidhe mp st er 8 s r uds®llowst c ombi
a a $§ a § 88 a

Thus, it returns the belief (confidence) values of tf@ phch8 4 alternatives in terms
of thed criterion:

6Qa a o

Step13:0 alternatives are ranked according to their belief (confidence) values and thus the
best alternative is decided:

o AOCI tha

Conclusions

In this study, a new method has been described and a diffespatiive has been brought
to multicriteria decision making methods. The weights of the criteria were determined by the
entropy method. The alternatives were listed by evaluating the criteria for each alternative by the
decision makers. The values esprks/erbally by the decision makers were converted into
numerical values and the alternative ordering process was facilitated. This method, which was put
forward to combat uncertainty, is preferred more than manycmetia decisiemaking
methods becse of its superior features.
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Pandemics

CihatFur kah G°v
Hulya Celik?

INTRODUCTION

The emergence and spread of infectious diseases with pandemic potential has occurred
regularly throughout history. Many infectious diseases that lead to pandemics are caused by
zoonotic pathogengansmitted to humans due to increased contacts with animals through
breeding, hunting and global trade activities. Understanding the mechanisms of transmission of
pathogens to humans allowed the creation of methods of preventing and controlling.infections
For centuries, the implementation of public health measures such as isolation, quarantine and
border control have helped control the spread of infectious diseases and maintain the community
structure. Global friction programs of waterborne pathogetws;v@me diseases and zoonotic
spreads in the anifaiman interface are of primary importance for rapidly detecting the
emergence of infectious threats. In the event of a pandemic, new technologies are needed for rapid
diagnostic tests, contact monitgrireuse of drugs, biological markers of disease severity, and new
platforms for the development and production of vaccines. In this research project, we review the
major pandemics that have affected humanity throughout history, such as plagueflcbofera, in
and coronavirus diseases, how they were contained in the past and how these diseases are manage
today.

Virge¢s

The virus is a small agent that causes infection with only one of the deoxyribo nucleic acid
or ribonucleic acids packaged in the progesteath, which consists of a protein or complex
structure. Viruses are not considered alive because they need host cells to grow and multiply. Since
viruses do not independently have proliferation mechanisms and molecules, they depend on host
cells for eproduction and are considered parasitic cells. Viruses often have a limited host range
that they can infect, and viruses can only infect certain bacteria, plants or animals. Viruses depend
on the metabolic molecules of the host cell. Viruses alter teenbomal metabolic reactions,
allowing new virus particles to form. In order for viruses to survive, they must infect a cell and
synthesize their own viral proteins and genetic material by capturing the mechanisms of the cell
(Takz,2019).

IAKrE | brahim Cecen University, F a c edartment oFundadmergal ma c y
ScEences of Pharmacy 03200 Agri/ TURKEY
2AKrE I brahim Cecen University, Faculty of Phar macy
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Ways Viruses Ae Transmitted
-Direct contact
-Injection of blood or contaminated liquids
-Tissue transplants
-Respiratory tract

-Fecaloral pathway

Factors Affecting The Ways Viruses Are Transmitted
-Source of the virus
-Resilience of the virus
-Environmental conditions

-How the virus reaches the target tissues of the body (Basustaoglu,2010).

Proliferation of Viruses

When virusegncounter a host cell that can multiply by entering the body of the living
creature, they activate their proliferation mechanisms. When the virus encounters a suitable host
cell where it can multiply, it immediately clings to it. After viruses clindhtsttioell, certain
enzymes are used to break down the cell membrane and transfer genetic material into the cell. This
genetic material can be a chain of ribonucleic acid or deoxyribonucleic acid, which contains
information that provides the synthesisrofgins necessary to initiate the process of developing
new viruses. The genetic material of the virus captures the mechanisms of the cell through enzymes
belonging to the virus. The mechanisms of the cell are used to create new genetic material
belongindo the virus and to create protein sheaths. New viruses in the cell usually come out when
the cell breaks down. When the cell disintegrates, the cell dies. This cycle, which viruses use to
multiply and cause the cell to die, is called a lytic (disrcyatiee)

Viruses with membranes on protein bristles do not choose the way to break down the body
in order to multiply. Unlike other viruses, such viruses pass through the cell membrane and enter
the cell. These viruses, which enter the cell as a whgbdy mmdtthen come out without breaking
down the cell. Once the virus enters the cell, it stores its genetic material as part of the cell
deoxyribonucleic acid. In this way, the virus continues to transfer genetic material to the baby cells
every time theetl multiplies without revealing its presence to the cell. It can secretly transfer the
genetic material of the virus from cell to cell without causing any signs of disease, and suddenly the
virus starts the cycle of proliferation. This cycle is callgddbenic cycle (Freudenric and Kiger
2020).

Pandemi

The word pandemic is derived from the ancient Greek words pan and demos, and '‘pan' means

'‘demos' and people mean (Pandemic). Wikipedia, free encyclopedia,2022).
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The effect is not a specific countryegion; Infectious diseases that are effective all over
the world are called pandemics. According to the World Health Organization, the pandemic is a
rapidly spreading and unseasonal infectious disease in which the human population does not have
immunologial resistance (Qiu et al.2017).

General Characteristics of Pandemics

- Appearance in various geographical areas

- The emergence of many diseases that can be a precursor to infectious diseases
- Caused by mutated viruses

- Inadequate or no sociamunity

- Formation of diseases resulting in death

- Causing changes and measures in the lifestyles of society

-Spreading without seasonal conditions (¥z
Major Pandemics in Human History

Amv ©s TO:

The plague, which occurred inthed?ald ni an settl ement of AmvOs
spread rapidly and was also seen in the territory of Syria and Iraq. Syria was the most common
settlement of the epidemic.

The plague of cucumbers spreadi ngcigs.it Amv ©:¢
is defined by the Arabs as a blessing.

Since it appeared in Amv©Os, the epidemic v

There are three types of this plague, bubonic, septicaemia and pneumonic, caused by a
bacterium called Yersinia pestis, which passes fromdéreent i nf ected with f|
IS a bubonic species also known as cucumber, which is one of the plague species.

The bacterium pestis, which enters the human body with the bite of fleas, causes the lymph
node to become inflamed and stretched.

In the later stage of the disease, with the growth of lymph nodes, inflamed and severe pain
causing bulges appear in the body

Swelling is more common in the armpits, behind the ear, earlobe and groin areas where the
skin is thin in the body

Swellings carelred, yellow, black in color. In the mildest type of the disease, the silus is red
in color. With the increase in disease severity, the swellings turn yellow and then black.

In the Middle Ages, medical examiners did not know much about the treatment of ta
disease. If the swellings in the bodies of those infected with Taun's disease spontaneously exploded
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without intervention and the blood and pus in the boil emptied out, the patient had a chance of
recovery. Otherwise, patients usually die within tayse d

According to the imam shafi, he thought that the patient would be healthy by applying the
ointment obtained by crushing the violet flower in the treatment of taun disease or by boiling the
violet and containing it in the patient (Genghis,2020).

Black Plague

The disease was seen between 1347 and 1351. The disease is called black plague because
the appearance of black swelling in the body (Glitter, 2020).

Yersinia pesticide is the cause of the plague epidemic that has killed many people in Europe
(Jawus,2020).

Doctors who treated the plague also wore some special costumes. The protective costume
consisted of a polished fabric coat, a-beaged mouthpiece usually filled with herbs, straw and
spices, and a mask with a glass eye part. These datiedsisys to treat blood draw, frog or
leech (Byfield, 2010).

Cholera

Cholera is an infection whose factor is Vibrio Cholerae, which causes the body to lose high
rates of water, showing signs of diarrhoea that starts suddenly and suddenly intensifies. Whe
bacteria, which is resistant to stomach acid, is taken into the body at high rates with liquid, the
bacteria escapes stomach acid and reaches the intestines, causing infection (Undored and Altinba:s
2020).

The outbreak was seen in Japan in 1817, Mas826, Berlin in 1831, Paris and London,
Hamburg in 1892 and Canada. Many people have lost their lives in these outbreaks. Treatment for
cholera, which has a high mortality rate, is quite simple.

Cholera patients recover in a short time with orakfésitinent. Salt and glucose mixtures
are given to eliminate the lack of electrolytes such as sodium, potassium, chlorine and bicarbonate
lost in the treatment and to provide the necessary energy in patients with nutritional problems. In
patients whose cdition is too severe to meet the nutritional needs, the mixture is applied into the
vein. In even more serious and urgent cases, tetracycline and tetileeiiit@otics are used
(Aslan,2020).

Spanish Flu

The influenza epidemic, a subtype of HiliNis, was the cause of the HLN1 virus between
1918 and 1921. The surprising thing about the epidemic is that it affects more healthy young adults
than the weak, the elderly and children. The reason the outbreak is called spanish flu is because
Spain did ot take part in World War | and there was no mention of the outbreak in other European
states due to censorship, and the Spanish press brought up the outbreak for the first time
(Aslan,2020).

Doctors used vaccines against the hemophilus influenzae andgmeeal species to treat
the outbreak. They gave oxygen to the patients. Although they resorted to ancient applications
such as bleeding the patient, they could not find a definitive treatment in every intervention.
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In order to reduce the spread of thelemic, measures such as quarantine, isolation, mask
use, closure of public areas were taken but were unsuccessful.

The vaccines and drugs used in the treatment were not effective. Although blood transfer
from recovering patients to new patients wasalgiing, there was no definitive solution (Temel,
1918).

Hong Kong Flu

The disease was first seen in Hong Kong. It is the influenza epidemic that caused the deaths
of nearly 1 million people between 1968 and 1969.

The diseaseausing type A H3N2 virus derived from the H2N2 virus with an antigenic
deviation called the merger of many subtypes of the virus to produce different viruses than the
original.

The new type of virus carries the genes of H2N2, one of the bird flu virus variants (Aslan,
2020).

Synptoms of Hong Kong flu include fever, muscle pain, weakness. These symptoms usually
lasted 4 days. The mortality rates of children and elderly patients with Hong Kong flu are high.
Although a vaccine for the virus was produced, it benefited aftetbtiealoaffected people on
a global scale (Hsieh et al.2006).

Smallpox

Variola virus is the cause of smallpox. Variola virus is in the Poxviridae family. When a case
of smallpox is encountered, it is obligatory to be reported internationally. Smaliipkaxtfedls
group of infectious diseases among the type

The first vaccine produced in history is the smallpox vaccine (Badur,2020).

In 1966, as a result of the campaign led by the World Health Organization, the use of
smalipox vaccines was mandatory worldwide. The World Health Organization has reported that
the infection that causes smallpox worldwide has ceased permanently. The World Health
Organization has recommended that the smallpox vaccine be removed from rdigenaffgac
the end of the disease. Smallpox is the only disease that has ever ended among human infectious
di seases (¥zer and Suna 2020) .

Swine influenza

The cause of the disease is a virus in the family Orthomyxoviridae. The other name of the
disease iswine influenza virus", i.e. SIV.

Known swine flu types are usually Influenzavirus A, which is rarely type C influenza virus.
Swine flu is constantly changing its structure to spread among humans.
In 2009, an outbreak of swine flu was observed. Thesakitbwhich began in 2009,

originated in Mexico and affected 191 countries worldwide. The outbreak that started in Mexico
was caused by H1N1, a subspecies of influenza A virus.
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The disease is transmitted to humans from those who come into contact witlapdult
pigs closely and without protective clothing. When the meat of the sick animal is cooked under
favorable conditions, the disease is not transmitted (Kara, 2010).

Symptoms of the disease are fever, cough without phlegm beats, unbearable paih througho
the body, fever, weakness, shortness of breath and sudden symptoms with a temperature of 38.30
AC. Sudden symptoms are high fever6hopsain, a
Although these symptoms vary from person to person, they cgnvasydietween 7z days.

Oseltamivir or zanamivir drugs used to treat flu can be used in the treatment. These drugs
should be used within the first 2 days after the onset of symptoms. Drugs should be administered
under the supervision of a doctor and usedcordance with risk groups. Paracetamol should be
used instead of aspirin as a painkiller. It is not recommended to consume medicines when going
abroad for pandemic prevention purposes (Sanli,2010).

Bird Flu

Bird flu is a deadly disease transmitted finimals with the virus. Other names of the
disease are Avian Influenza, Pestis Avium, Bird Flu, Avian Flu, Chicken Plague. The type of virus
that is deadly to humans is H5N1 (Aslan,2020).

Bird flu is an infectious disease caused by influenza viruses foinds. Diseasgusing
viruses are carried in the intestines of birds, are found in their feces and often do not show
symptoms of the disease.

The virus that causes bird flu has been proven to be transmitted between pigs and humans,
between chickensié& humans, but there is no certainty about whether there is transmission
between wild birds and humans (Goldrick and Goetz 2007).

Symptoms of the disease include fever, cough, sore throat, muscle aches and pain in the lung.
Cases with pneumonia and regmiyadistress are at risk of death. The disease is called blue death
because the body begins to turn blue when not enough oxygen enters the cells.

There is no definitive treatment for the disease. Protection is provided by vaccination.
Animals with diseadactors need to be killed. Due to antigen changes in influenza virus, the
activity of the virus should be monitored and the content of influenza vaccines should be updated
every year (Aslan,2020).

Ongoing Pandemics

Hiv/Aids

The hiv virus is the causelod disease. Hiv virus is known as the human immunodeficiency
virus. Hiv virus affects the mechanisms of the immune system in humans, causing the system to
collapse. The disease that hiv virus is a factor in is called AIDS. AIDS is known as acquired
immunaleficienicience syndrome. AIDS is an infectious disease in the zoonotic group (Undored
and Altinbas 2020).

HIV virus, which is a factor in AIDS disease, is the virus that causes the collapse of the
immune system by affecting cells involved infuitations such as T cells, macrophages and
dendritic cells, which are auxiliary cell s i
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Ways hiv/aids are transmitted

HIV virus, which is a factor in AIDS disease, is found in the blood of people infécted wit
the highest rates. Genital secretions, phlegm, breast milk, saliva, tears and cerebral spinal fluid may
also be a disease factor. The most important factors that are effective in the transmission of the
disease factor are blood, genital secretionseasd bilk.

Stages and Cemptons of HIV Infection

Primary Infection

Hiv virus, which is a factor in AIDS disease, first acts on macrophage/dendritic cells in
submucosal layers;

Approximately 87% of people infected with H¥ ®eeks after entering the batipw
flu-like symptoms. . People infected with this stage have high rates of HIV in their genital fluids
and have a high amount of transmission (Lewthwaite and Wilkins 2009).

Serokonversiyon

This period, known as seroconversion, is the stage at whiddyhleegins to produce
antibodies to the virus (Card et al.2008).

Asymptomatic Infection

The stage of asymptomatic infection is known as the latent period. At this stage, the disease
progresses quite insidiously. It does not show symptoms or symptatasafidre of this period
varies from person to person. The reason for the difference in duration is due to the difference in
the health status and immune system functions of the person (Lever,2009).

Advanced HIV Infection/ Clinical AIDS

It is the stage whethere is a significant reduction in immune system mechanisms, increased
proliferation of HIV virus, cessation of antigen production and increased susceptibility to
infections (Hazenberg et al.2003).

HIV /AIDS Treatment

The aim of the treatment, knowraasiretroviral, is to suppress HIV replication and increase
immune functions by using drugs that control the proliferation of HIV virus, to keep the life
expectancy of infected people at normal level and to normalize the quality of life. Effective viral
suppression has a positive effect on the general health of the community by reducing the risk of
di sease transmission among individuals (Akgg¢
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Drugs Used to Treat HIV/ AIDS

N¢kl eozid Revers Transkriptaz knhibitorleri

Nucleoside Rers Transcriptase Inhibitors interact with the catalytic region of the revers
transcripttase enzyme found in the HIV virus, a cause of AIDS disease (De Clercq,2007).

Nucleoside Revers Transcripttase Inhibitors have analogukde®®nucleosine (ddN),
and the effects of drugs in this group are similar. After nucleoside Revers Transcriptal Inhibitors
enter the cell, they turn intordbnophosphate (ddNMP),-diphosphate (ddNDP) and- 5'
triphosphates (ddNTP), respectively. The transformation processbefore ddNMP acts as a
competiative inhibitor/alternative substrate of normal deoxynucleosite triphosphate (dNTP).

As a compelling inhibitor of the normal substrate, ddNTP inhibits the merging of the normal
substrate with the DNA chain and participgidisis chain as an alternative substrate in the form
of ddNMP. Thus, it acts as aalain terminator (De Clercq,2009).

Non-N¢ kl eozi d Revers Transkriptaz Enzim knhibi

The first two classes of Ndtucleoside Revers@tanscardase Enzyme Inhibitors are
known as 4(2hydroxytoxy)methyd}(phenylticyo)timustructured compounds i.e. 4,5,000 with
HEPT6. #tetrahydreb-methylimidazo[4,5k][1,4]benzodiazep#(1H)}on, le. TIBO
derivatives (Pauwels et al. 1990).

Compoundsof this nature primarily interact with the allosteric region oflH®Xers
transcriptasis. The drugs in this gup are also called specific inhibitord gDEI®lercq,2004).

Protease Inhibitors (PI)

Protease Inhibitors carry a hydroxyetylene skelpémed by the HIV protease enzyme,
which resembles a peptide bond but cannot be opened itself. The mechanism of action of drugs in
this group prevents HIV protease from performing its normal function; thus, the proteolytic
process of precursor viral piageto mature viral proteins is prevented (Madruga et al.2007).

Fusion Inhibitors (FI)

Hiv virus, which is a factor of AIDS disease, creates fusion with normal cells thanks to gp41
in the membrane, transferring its viral RNA and viral enzymes to ndsntahfialirtite, a physio
intibitary, was produced to prevent this fusion (Matthews et al. 2004).

The mechanism of action of drugs in this group is to prevent the virus molecule from fusing
with the outer cell membrane (De Clercq,2009).

Co-receptor Inhibit or s ( CRk)

Coreceptor inhibitors must enter the target cells to show their effects, and the correlators
used in M (macrophagejpical and T (lymphocyidpical HIV lineages) should interact with
CCR5 or CXCR4. The mechanism of action of drugs igrthp is the interaction of the-co
receptor and viral glycoprotein gp120, the interaction of gp120 with the CD4 receptor and the
fusion of gp41 and the outer cell membrane (Westby and van der Ryst 2005)
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The only CRk drug appr(Pexos,007),0an antagomst dcrS. mar &

Integrators (I1)

The enzyme integral has attracted attention in the development of drugs against hiv virus.
The first clinically approved integral inhibitor () is raltegravir. The effect of raltegarvirin is on
threadransfer. This is the effect of elvitegravir. Elvitegravirin is effective in reducing viral loading
in people infected with HIV (Sulukan et al. 2009).

Covid-19

Coronaviruses are singlain, positive polarity, enveloped RNA viruses in the
Coronavirinae &fiamily of the Coronaviridae family in the Nidovirales class. The reason these
viruses are called coronaviruses is due to the latin word "corona”, which means "crown" due to the
barshaped extensions found on the surface of the virus (Chen et al.2020).

Thefour structural proteins found in coronavirusks S (Spike) protein, the E (Envelope)
protein, the M (Membrane) protein and the N (Nucleocapsid) praenresponsible for the
formation of mature virus particles (virions) and the emergencectodnnfelhe S protein is
responsible for the formation of spikes on the surface of the coronavirus. The protrusions on the
surface are responsible for the virus's adhesion to the host cell septators and its entry into the cell
M protein, which allows th@ws particle to form with three different transmembrane regions, to
allow the virus to curve the cell membrane and bind to the nucleocap. Protein E is involved in the
packaging and release of the virus and viral pathogenesis. The N protein contgins region
connected to the viral genome in the RNA structure (Alpine and Unal 2020).

Ways Covid19 Is Transmitted

The main way of transmission of coronavirus is the droplet path. The virus found in
respiratory secretions can make the healthy individual sickcbycontact with the mucous
membrane, while the infected individual coughs, sneezes or speaks through droplets. In finding a
new host for the virus, the contact of another individual is effective with the droplets that the sick
individual emits throughoughi ng and sneezing (G¢grsu, 2020)

Stages and Cemptons of Covid9 Infection

The severity of infection is divided into 5 groups: asymptomatic infection, mild form,
moderate form, severe infection, critical infection.

Asymptomatic Infection

It is defined dr cases that have tested positive for coronavirus and do not show clinical
symptoms. Asymptomatic infection plays an important role in social transmission. This is due to
the absence of clinical symptoms in those infected.Babies and children whooso cliniicsdd
symptoms play an important role in interpersonal transmission.
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Mild Form Symptoms

Fever, fatigue, muscle pain, cough, sore throat, runny nose, sneezing, symptoms of acute
upper respiratory tract

Symptoms of Medium Form

Pneumonia, usually é&and cough, wheezing in some cases

Symptoms of Severe Infection

Dyspnea, central cyanosis, decreased oxygen saturation, hypoxemia

Critical Signs of Infection

Acute respiratory distress syndrome, respiratory failure, multiple organ failureq2@yppy,

Covid-19 Treatment

The main goal in the treatment of coronavirus is supportive and symptomatic treatment.
First of all, the infected persons should be removed from the community and quarantined. Cases
with mild symptoms should be managed by honmselng without going to health centers. In
treatment, the body's water and electrolyte level should be kept to a certain extent, nutrition should
be taken care of, fever and cough should be checked. In cases where the body does not receive
enough oxygethe face mask, higlow nasal cannula, oxygen should be provided through non
invasive ventilation. Mechanical ventilation and oxygen support may be required, and kidney
replacement therapy may be required in some patients. Antibiotics and antifuthdpel sbedl
in cases with two or more infections in the body at the same time (Jin et al. 2020).

Vaccines are the most effective way to prevent epidemics in the form of infections. This is
because it takes both costly and a long time to develop drugs feuiteditment. VVaccines are
both a way to be used in the prevention of global epidemic diseases (DG et al. 2020).

Drugs Used to Treat Covid19

Klorokin (CQ), Hidroksiklorokin (HCQ)

Although chloroquine has not been approved by the FDA in the treatroerdnavirus,
it has allowed use if doctors deem it appropriate. The FDA has not approved any therapeutic agents
or drugs for the treatment and prevention of coronavirus. Clinical efficacy and safety of
chloroquine in the treatment of coronavirus is un8ewe doctors are successful in the treatment
of different diseases, they have approved the use of chloroquine.

Hydroxychloroquine is a chloroquaezived drug.The mechanism of action of the drug
inhibits the enzyme polymerase, preventing the mengerisring with the glucocytion of the
virus and cell receptors by increasing the ph of the place where the intracellular digestion of the
substance formed and taken by the combination of phagosome and lysosome occurs.

143



G°v, Cihat Fur k;®Randefics¢ el i k He¢l ya

Hydroxychloroquine is recommendedatients who will be monitored with outpatient
treatment and treated by hospital in the coronavirus treatment guide of the Ministry of Health in
our country.

Favipiravir

Favipiravir RNA viruses have an effect by inhibiting the enzymealépidAdent RNA
polymerase. Favipiravir is an antiviral drug. Favirpiravir forms favipiravir ribof&@nosyl
triphosphate, an active form of the body. For this activation process, favipiravir intraselecular
phosphoribosylasion occurs. Favipiravir ribofurab8dylphosplate is a substrate of RNA
dependent RNA polymerase and inhibits RNA polymerase enzyme activity. Since the RNA
dependent RNA polymerase enzyme is found in many RNA viruses, favipiravir expands its
spectrum by affecting this enzyme.

Remdesivir

Remdesivir i the antiviral drug group. It is used in the treatment of Ebola and marburg
virus infections. This drug is the precursor to nucleotide analoma, which is metabolized into the
intracellar adenosine triphosphate analogue, which inhibits the enzyme vpalyRigrase.
Remdesivir is a widpectrous drug. It has a preventive and therapeutic effectdhiniuah
studies against coronaviruses.

Lopinavir/ritonavir(LPV/R)

Lopinavir, a combination of ritonavir, is used to treat HIV infection. It is a pnolteaiser)
one of the drugs used to treat AIDS. The enzyme protease plays a role in the processing of
coronavirus polyprotein. Lopinavir and rheaavirin have contrasting effects against coronavirus
separately and together.

Nitazoksanid

The drug nitazoksanigas strong in vitro activity against coronavirus. Apart from the
coronavirus, this drug has brag@eéctrum antiviral activity against influenza, respiratory sysnsityal
virus, parainfluenza, rotavirus and norovirus The mechanism of action of the soctgisdis
with the pathways regulated with the host during the proliferation of the virus.

Tosilizumab

The effect of the drug tosilizumab is caused by monoclonal antibodies due to membrane or
inhibiting soluble interleuké receptors (rH6). This drug haleen approved for use in the
treatment of rheumatoid arthritis patients.

kver mektin

Ivermectin is a broagpectrum FDAapproved drug effective against parasites. It has had
an effect on many viruses in studies on the drug. The mechanism of actidrugfivieemectin
inhibits the nuclear intake of the host and viral proteins. Ilvermectin both acts on some Rna virus
infections and has an effect on some DNA viruses. In studies on the drug, the coronavirus has a
reducing effect on its effectiveness (Mutih. 020).
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Factors Affecting Viral Pandemics

Vaccines

Viral pandemics can be effectively prevented with inexpensive and effective vaccination
strategies. Vaccines protect against pathogens by stimulating primary defense mechanisms.

Vaccination is the pecess of applying a small amount of an infectious agent, such as viruses
or bacteria, to stimulate the immune system to recognize and respond to this agent. Vaccines are
often used to prevent infectious diseases. Vaccines are administered by ingogsraréaxten
designed to stimulate the production of antibodies, proteins that neutralize foreign invaders in the
body.

To improve the specific immunological system through vaccination, the human body can
produce white blood cells (B and T c#ils)can fight the pathogen (especially) in response to the
immune system, allowing the adaptive immune system to grow.

Since the disease is mostly a new type of virus #mgimased pandemics, it is impossible
to produce a vaccine before the pandemiose

In the production of vaccines against pandemics, the disease factor is primarily stated. After
the disease factor is determined, it is replicated in the cultural environment and the vaccine is
produced. The spread of pandemics increases in thedirhig yaccine production. The vaccine
produced is specific to the disease factor determined. Vaccines are effective on the black virus. The
treatment of the infected person with the va

Antiviral Drugs
Antiviraldrugs are used in virsigluced infections. It is used in the prevention and treatment
of virusinduced infections. In viral pandemics, the treatment of the disease is either through the

application of vaccines or the use of antiviral drugs to preveisethee before the disease occurs
(Carrasco et al. 2011).

Virus-Related Protein Use
The protein associated with the virus containgdastyipical antibodies, natural ligands of

the receptor and amgceptor antibodies. The mechanism of action preventarus from
binding to host cell receptors and entering the cell before the viral infection begins.

Reverse Transcription Inhibitors/ Revers Transcription Inhibitors
Nucleotide or nucleoside analogues, similar to the building blocks of ribonucleic acid o

Deoxyribo nucleic acid, are used as antiviral drugs. Since the mechanism of action is not 3'OH in
analogues, viral Ribonucleic acid or Deoxyribo blocks enzymes that synthesize nucleic acid.

Antisense

When the virus genome becomes active in the hostgreliuces mRNA molecules that
play a role in the synthesis of viral proteins. mRna production begins by proteins. Antisensors are
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drugs made from short segments of DNA or RNA that can bind to their viral genomes as a
complement and prevent transcriptibthe viral genome.

Ribozim

When the virus genome becomes active in the host cell, it produces mRNA molecules that
play a role in the synthesis of viral proteins.mRna production begins by proteins. Antisensors are
drugs made from short segments of DNARDNA that can bind to their viral genomes as a
complement and prevent transcription of the viral genome.

Protease Inhibitors

Protease inhibitors developed for the treatment of HIV/ AIDS and hepatitis C are widely
used in the treatment of these diseasese Siruses break down viral protein chains after
translation with the enzyme protease within the target cell, creating virions and spreading them in
cells that are not infected with disease factors. Protease inhibitors take effect by inhibiting the
enzymeviral protease.

knterferonl ar

Interferons suppress the disezmgsing virus factor by strengthening the body's immune
system instead of attacking the disemssing virus factor.Interferon viruses prevent their
proliferation.Interferons are signalingt@ns produced due to the presence of several viruses in
the body.Interferons are cytokines synthesized by cells in viral infection. It shows its effect by
enabling communication between cells to strengthen the immune system againatidisgase
factos.Interferons have opposite effects on the proliferation of viruses by protecting cells from
virus infections.

Conventional Plasma Treatment

Conventional plasma therapy, which is used to treat and prevent epidemic diseases, is the
treatment of the diseabg taking blood from people who have suffered from the disease,
separating anti bodies and giving them to sic

3. RESULTS AND RECOMMENDATIONS

Pandemiler epidemics that are effective worldwide. An epidemic pandemic ndt only is
widespread and the mortality rate is high, but it is also contagious must be high. Affecting human
history pandemilere Although various methods have been applied in the treatment of related
diseases for centuries, there is no definitive treatment nid¢éngghndemiye there is a unique
way of treating the disease. These semptomatik and supportive treatment, lac treatment and
vaccination of healthy people pandeminin to reduce the effects. Pandemileri investments in
preventing factors increaseJAlanks tahe development of ge studies, we may face in the future
pandemic we strengthen our hand in their dangers.

Acknowledgement

This study was prepared fram h at F 0 Rdseanch P@fecst Thesis.

146



G°v, Cihat Fur k;®Randefics¢ el i k He¢l ya

4. REFERENCES

AKG,| L, ¥ ., ¢ ALK KAN, R. , & ¥NER, YA (2018
Journal of Medical School Clinics, 1 (33119

AL P, S. , & | NAL, S. (2020) . PandGawWld):c caus
developments drcurrent situation. Flora Magazine, 25.

Aslan, R. (2020). From history to the present, epidemics, pandemics ab@. Gouithal
of Detail, 8(85), 351.

Badur, S. (2010). HIN1 epidemiology and virus. ANKEM Derg , 28., 190
Basustaoglu,A.C,2010.Meditiiobiology.Atlas Bookseller Tic.Ltd.Sti,947,Ankara

Byfield T. (2010) . Renaissance: God in Man, A.D. 1300 to 1500: But Amid Its Splendors,
Night Falls on Medieval Christianity, Christian History Project, p. 37.

Card, J.J., Amarillas, A., Conner, A.rsAke.D., Solomon, J., DiClemente, R.J. (2008).
TheComplete HIV/AIDS Teaching Kit: With GROM, Springer Publishing Company, New
York, 2571.

Carrasco, LR, Lee, VJ, Chen, MI, Matchar, DB, Thompson, JP and Cook, AR (2011).
Antiviral stockpiling strategiesr ffuture influenza pandemics: a global epigsroimmomic
perspective. Journal of the Royal Society Interface , 8 (6231307

Genoa, E. (2020). Amvas taunu and its effects that occurred during the Period of Omar.
Journal of Caucasus University Faofiffheology, 7(13), 1:2%0.

Chen, Y., Liu, Q., & Guo, D. (2020). Emerging coronaviruses: genome structure, replication,
and pathogenesis. Journal of medical virology, 92¢(42318

Craig Freudenrich, PhD & Patrick J. Kiger "How Viruses Work" 2020.
https://science.howstuffworks.com/life/cellHaricroscopic/virushuman.htm

(Accessed:14 February 2022)

De Clercq, E. (2004). Nawcleoside revergenscriptase inhibitors (NNRTIs): past,
present, and future. Chemistry & biodiversity, 1(6%}.44

De Clercq, E. (2007). "AilV drugs" Verh. K. Acad. Healed. Belgian, 69081

De Clercq, E. (2009). AiV drugs: 25 compounds approved within 26syafter the
discovery of HIV. International journal of antimicrobial agents, 33(@RB07

DG, A, HJ, S., & MH, K. (2020). Lee S, Kim HS, Myoung J, et al. Current Status of
Epidemiology, Diagnosis, Therapeutics, and Vaccines for Novel Coronaviees DP(H©
(COVID-19). J Microbiol Biotechnol [Internet], 30(3);31L3

Goldrick, BA and Goetz, AM (2007). Pandemic flu: what infection control specialists need
to know. American journal of infection control , 35 (13.7

147


https://science.howstuffworks.com/life/cellular-microscopic/virus-human.htm

G°v, Cihat Fur k;®Randefics¢ el i k He¢l ya

G, RSU, E. (2020) . misi,Cor one
https://www.researchgate.net/profile/ElifGuersu/publication/341599760_Koronavirus_Pande
misi_ve SarsCoV2 Virusune Genel Bakis/links/5ec95c0392851¢11a8820702/Kofonavirues
Pandemisve-SarsCoV-2-Viruesuené&eneiBakis.pdf

Hazenberg, MD, Otto, SA, van Benthem, BH, Roos,0dltinho, RA, Lange, JM, ... &
Miedema, F. (2003). Permanent immune activation idl Hit¥ection is associated with
progression to AIDS. Aid , 17 (13), 12888.

Hsieh, YC, Wu, TZ, Liu, DP, Shao, PL, Chang, LY, Lu, CY, ... & Huang, LM (2006). Flu
outbreaks: past, present and future. Journal of formosan Medical Association ;8.05 (1), 1

Jarus O. 20 of the worst epidemics and pandemics in history. Live Science, All About History
March 20, 2020ittps://www.livescience.com/worspidemicsendpandemicin-history.html

(Access 16.02.2022)

Jin, YH, Cai, L., Cheng, ZS, Cheng, H., Deng, T., Fan, YP, ... & Wang, XH (2020). A quick
recommendation guide to the diagnosistiaatment of pneumonia (standard version) infected
with the new coronavirus (2648oV) in 2019. Military Medical Research , 7-2B), 1

Kara, A. (2010). Swine Flu (Pandemic Influenza 2009, Influenza 2009 H1N1). Journal of
Child Health an®iseases, 53(1).

Kutlu, R. (2020). What we have learned about the new coronavirus pandemic, current
approaches to diagnosis and treatment and the situation in Turkey. Turkish Journal of Family
Medicine and Primary Care, 14(2);3320

Lever, AM (2009). M virus. Medicine , 37 (7), 31%.

Lewthwaite, P. and Wilkins, E. (2009). Natural history of HIV/AIDS. Medicine , 37-(7), 333
337.

Madruga, J. V., Cahn, P., Grinsztejn, B., Haubrich, R., Lalezari, J., Mills, A., .=1& DUET
Study Group. (2007). Effigaand safety of TMC125 (etravirine) in treategmtrienced HIV
l-infected patients in DUET: 24week results from a randomised, dehlel, placebo
controlled trial. The Lancet, 370(95813&9

Matthews, T., Salgo, M., Greenberg, M., Chung, J.sD&\Va& Bolognesi, D. (2004).
Enfuvirtide: the first therapy to inhibit the entry of HIVhto host CD4 lymphocytes. Nature
reviews Drug discovery, 3(3),-225.

MUTLU, O., UYGUN, k., & ERDEN, F. (2020).
(COVID-19). Kocaeli University Journal of Health Sciences, 6€3),3.67

¥zer, M., & Sund,9 H.anBE.emiz022ah)d. eC@awiad i on.
Korkut (Der.), Anatomy of the global epidemic: Within the future of man and soci&#®2.171

¥zkoVak, Ko-, F., & G¢gltekin, T. (2020) . An
of coronavirus (Cowill9). Electronic Turkish Studies , 15 (2).

Pandemic.Wikipedia, liberatibtips://tr.wikipedia.org/viki/Pandem{Access:14.02.2020)

148


https://www.researchgate.net/profile/ElifGuersu/publication/341599760_Koronavirus_Pandemisi_ve_SarsCoV2_Virusune_Genel_Bakis/links/5ec95c0392851c11a8820702/Koronavirues-Pandemisi-ve-Sars-CoV-2-Viruesuene-Genel-Bakis.pdf
https://www.researchgate.net/profile/ElifGuersu/publication/341599760_Koronavirus_Pandemisi_ve_SarsCoV2_Virusune_Genel_Bakis/links/5ec95c0392851c11a8820702/Koronavirues-Pandemisi-ve-Sars-CoV-2-Viruesuene-Genel-Bakis.pdf
https://www.researchgate.net/profile/ElifGuersu/publication/341599760_Koronavirus_Pandemisi_ve_SarsCoV2_Virusune_Genel_Bakis/links/5ec95c0392851c11a8820702/Koronavirues-Pandemisi-ve-Sars-CoV-2-Viruesuene-Genel-Bakis.pdf
https://www.livescience.com/worst-epidemics-and-pandemics-in-history.html
https://tr.wikipedia.org/wiki/Pandemi

G°v, Cihat Fur k;®Randefics¢ el i k He¢l ya

Glitter, H. (2020). Infectious disease outbreaks in history. Tepecik Education and Research
Hospital Journal, 30,-28.

Pauwels, R., Andries, K., Desmyter, J., Schols, D., Kukla, M. J., Breslin, H. J., ... & Janssen,
P. A. 1990). Potent and selective inhibition of HIplication in vitro by a novel series of TIBO
derivatives. Nature, 343(6257);4H4.

Perros, M. (2007). CCR5 antagonists for hiv infection and AIDS treatment. Advances in
Antiviral Drug Design , 5, 1-232.

Qiu, W., Rutherford, S., Mao, A., & Chu, C. (2017). Pandemic and its effects. Health, culture
and society , 9 ;111.

SULUKAN, E. E. . K} ¢} KOJ LU, K., & G, L, H. I
treat it. Ankara Faculty of Pharmacy Journal,38-(28.47

kahin, F., & Demir, S. (2020). Viruses, Fa
Muzaffer kKkeker, Ali ¥zer and Cé&6n Kor kut. Tur

Sanli, K. (2010). Influenza virus and swine flu. Istanbul Legal Stldtaman Medical
Journal (IKSST), 2(1)12.

Don't wear it, S. (2019). Review of Virus Subject in Secondary Education from the Point of
View of Program, Teacher and Student. Master's Thesis, Hacettepe University Institute of
Educational Sciences, Ankara.

UNMASKED, ¥. L., & AMicfodrgafiss exist&dlKong(agolod e .
blue planet: the history of pandemics. Turkish Journal of Women's Health and Neonatology , 2
(2), 5369.

Temel, M. K. (1918). Flu Pandemic. Istanbul University Institute thf Sidahces Master's
Thesis, Istanbul.

Westby, M., & van der Ryst, E. (2008)R5 antagonists: hdéatgeted antivirals for the
treatment of HIV infection. Antiviral chemistry and chemotherapy, 16{8%4339

149



KocabEyEk, Mehmet &e& aTkuErth aOm gluent, iAnvkepligation of Diktribeted
Order Differential Equations to a HIV Infection Model

An Application of Distributed Order Differential Equations to a HIV
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1.Introduction

In many fields of science and engineering, fractional differential equations are frequently
encountered. Since fractional order differential equations are more realistic than ordinary
differential equations, the researches give more attention to tbts edejetly. The distributed
order differential equations (DODES) are also one of the important subjects in fracture analysis
because of the density function incluBedailed information about distributed order fractional
operators and their applicagas given in (Ding et al., 2021). A numerical method foODE s
in which the derivative is Caputo type is presented in (Diethelm & Ford, 2009). Some theorems
are given for the convergence of the presented method. The study is supported by numerical
examples. Dielectric induction and diffusion problems are modBledEg in (Caputo, 2001).
Katsikadelis presented a numerical method to linear afideasrdistributed order fractional
differential equations in (Katsikadelis, 2014). Another efficient method for linearlarehnon
distributed order fractional diffetihequations is presented in (Jibenja et al., 2018). This method
is based on a hybrid of blgallse functions and Taylor polynomials. The effectiveness of the
method is presented by numerical examples. Najafi et.al. gives detailed theorems asd definitio
about distributed order fractional differential equations includismgegative density function in
(Najafi et al., 2011). The proposed procedure is applied to a model of 4hmddtaren
magnetosphefienosphere to check the stability.

Many metbds are available in literature to solve mathematical models. NSFD schemes
developed by Mickens are very popular methods in solving differential equations leads from
engineering and science (Mickens, 1989; Mickens, 1994; Mickens, 2002). The method is very
popular since it is simple to construct and it gives opportunity to resolve the numerical instabilities.
The basic procedure for determining denominator function and some applications is given in
(Mickens, 2007). For detailed literature survey, one ckijRdwedar, 2005; Patidar, 2016).

Recent studies show that NSFD schemes can be appliedDiODREs. A model of
distributed order fractional multi strain Tuberculosis is considered in (Sweilam et al., 2020). The
system of differential equation is distedtby NSFD scheme and midpoint quadrature. Numerical
simulations are presented. A smoking model of distributed order is presented in (Kocabiyik &
Ongun, 2021). NSFD shemes are used to discrete the model. Some theorems are given to analyze
the stability bthe model. Numerical simulations and phase portraits are presented. To present the

l1Res. Asst., Burdur Mehmet Akif Er soy0002@70M#6.si ty, Depa
2Prof. Dr., S¢leyman Demirel U n 0006000323689895. Depart ment of
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effect of the NSFD schemes, comparison with another two methods is done. A distributed order
MalarilBRoss model is presented in dbyNSFBickemndsk, 20
In the view of the Jury conditions, the stability analysis is examined. As another example of
DODE, SVIR model can be given (KocabEyEk et a
is presented by using NSFD schemes. Thericahresults for the different density functions are
presented in graphical form.

In this study, it is aimed to give an applicatidb@DEs on a biological model. So, the
nonlinear system of ordinary differential equation given in (Perelson et)and9P8relson &
Nelson, 1999) is considered. The model presents the effect of the HIV infeCiigh Dieells
which has an important role on immune reguldfioe.same model is considere@ngun &
Turhan, 2013) and it is approached by NSFD sshasueloped by Mickens (Mickens, 1990) and
(Mickens, 1993). They also present the stability analysis of the model. In this study, we rewrite the
HIV model in distributed order form. The distributed order model is discretized by NFDS
schemes. The equiliom points are determined and stability analysis is performed. The detailed
comparison is presented with the results obtained in (Ongun & Turhan, 2013).

2.Basic Definitions on Differential Equations of Fractional and Distributed Order

This section presenthe basic definitions of fractional &@DEs. Some of them can be
listed as below:

Definition 2.1. (Podlubny, 1999%Assume thaf (t) is a continuous in the range[aft] and

(n+1)th times differentiable function. Lrebe an integer arélsatisfyn < &< n+ 1. Then
Gr ¢ n swetnikov fractional derivatives of ordés defined by

GLDtaf()_Ilmh 8. 'l aq 8

o (t- a)”f(k)(6)¢ I
éoe(awly'(@nlyﬁ £) '( }d

Definition 2.2. (Podlubny, 199®ssume thaf (t) is an integrable function in the rangfgof]
andn-1 <« Wg,&EN Then,Riemann Liouville fractional derivative of oéderdefined by

1 odnl fO(r)
_r a-nt
G(n -a) df {t-r)

n D7 T ()=

Definition 2.3. (Podlubny, 199®ssume thaff (t) is an integrable function in the rangbot]
andn-1 <« WM,= N . Then,Caputo fractional derivative of ordes defined by

1L )
G(n -a) tt- )™
Let us give the def i Aetnikovoarmula sincaipwill beoused méise Gr
study:

Definition 2.4. (Meerschaert & TadjerandrAEDODEs, the appr oxetmkat e Gr ¢
formula is defined as

DI f(t)= o .
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3.An Application of DODEs

In this section, an epidemic model for the HIV infectio@Pdf T cells given ifPerelson
et.al., 1993) and (Perelson & Nelson, 1988hsidered. The model is converted to the distributed
order form. The model is discretized by using NSFD schempa$ibriim points and Jacobian
matrix of the discrete model are determined. ApplyingGahnarcriteria, the stability analysis is
presented. Also, some numerical comparisons are given to present the effect of the NSFD schemes
for different step sizes.

The reason of the prefer NSFD schemes which is first developed in 1989 by Mickens
(Mickens, 1989) is to be a very useful method since it has a big role in dynamical consistency. Also,
NSFD schemes lead to obtain the effective results with less effort.

Let s give short procedure about the application of the NSFD schemes to an ordinary
differential equation. Taking into consideration of the first order ordinary differential equation
given as

dx

- = /

o - 9%/,

the discretization procedure carekgressed in the following form:
dx X, -X

t- t,x(t)- x., - , —- - —n

where/ is a parameter apd is the denominator function which can be determined as

1- ™
k
One can see more details about constructing NSFD schemes, determining denominator functions

and the extended applications of the method in (Mickens,1989; Mickens, 1994, Mickens; 2002;
Mickens, 2005; Mickens 2007).

y:

3.1.Discretization of Distributed Order Mbdel
In this section, we rewrite the model of HIV infections of CD4+ T cells presented in
(Perelson et.al., 1993 ) and (Perelson & Nelson, 1999) in theDQDEX as

o ()=paT() A(ha I Ty Ty
o =

max
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DY@ (t)=kV ¢)T () -A (t).
(1)

DYV (t)=N4t) -v i),

where,T(t), I(tandV(t) are the size of uninfected CDHcells, the size of infected CD4
T cells by the HIV viruses, and the size of HIV virus particles in the blood, respectively. The
positive parameteksandN are the rate constant of infection and number of the produced virus
particles by each infected GDB cells (Wang & LR006). The maximum level of GD% cell
population in the body and the rate of average specdicgfowth are denoted by the parameters
“Ynax and (Perelson et.al. 1993). The positive constantsf , and” denotes the source of
CD4+ T cellswithin the body, the death rate of GDR cells, the death rate of the infected cells,
and the rate of viralearance, respectively (Naresh et.al., 2009), (Nowak & May, 1991) and (Yang

& Xiao, 2010)d(d) is the density function.

Applying NSFD schemes to the model- (1)
Letnikov derivative formula which is obtained by definitidbGidE, the following discrete
system is obtained:

. m d(3 T,
aklga@q@m. ptr 9T, (7

max

n11

I KVAT,
.. m dla ol

k=1 (mk) a] i)qjk In+1 A = kVnTn '|b| ns
2)

. md(a )
akl ( ) a.]@q k\/n+1+

=NbL - ¥,.

In this discrete system, foe1,2,:ando< 4, <, it is obtained thaggs =(g (h)) ™

wi t h appr ox i-Letaikoe deratignnfevraulad The expressiqdﬁ) are the

denominator functions obtained by NSFD schemes and for this system, the denominator functions
are chosen as

éa— nh_ 1

a-r

a7 o

To rearrange the discrete system (2), by expanding first term of the sum

g,(h) =
a.qa n+1|_q)4-l;]+ +é.qka-l:1+i
j4

and with t he -Létrekbvgornwifa (¢GH)) ncangbé ritten instead af . So
the first term of the discrete system is

éfld( )((%(h))' Tt &4 hr) =p(Fr p T, £ T””( T )+ kT,
(3)

max
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d(a)

Substitutingg |, =M into Eq. (3), .., is obtained as

_ p- M(Cf" T "a.r;:lz ¢ -IE-l-i)

ntl -a, T +1 ’
M(a(h) “+a-r #270 y

max

Let us apply the same procedure to the second or third equations of Eq. (2) :

n+l

04 n
. _ P s a a a =
aqulnﬂ-i_Oo |n1++aqj Inl+i—g(;< In1+cﬁ'|n aqj élnl

n+l

nt n
Aq Ve =GV e tagtY o BYL LY ag iV
j=0 iz i =
Inserting these expressions into the system, finally, the discrete system is obtained as

p- M(Cf" T "a.r;:lz ¢ -IE-l-i)

T = :
o mlam)tranr 2wy

| _kVnTn_M (qfkln _'ar;lzq?lﬁl)

n+l M(qz(h))-ak+ b '

(4)

_ Nbln- M (qfkvn -'ar:zlzq ?V wl—i)
n+l M (qs(h))_ak r g .

3.2.Equilibrium Points and the Jacobian Matrix of the Discrete System

In this section, the equilibrium points and the Jacobian mé&gx (@ will be determined.
The following equations should be solved to determine the equilibrium points of Eq. (4):

_ p- MQT
Tn_M( (h) ™ +a-r Aotle
ql Tmax "
_ KVJ,-MQl,
M(g,(n) ™+ £
5)
v - Nbl,-MQV,

n

M (%(h))_ak T ¢

154



KocabEyEk, Mehmet &e& aTkuErth aOm gluent, iAnvkepligation of Diktribeted
Order Differential Equations to a HIV Infection Model

whereQ , Oq‘fk = Q.

Firstly, choosing =v , =6 and solving the first equation of Eq. (5) the equilibrium points
E, and g, are obtained as

AT (MA, e ) \bTL(MA a ) 4Tap

17

25 2r
¢

_ AT (M e ) (T (M a)- 4 e

> & 2r 0.9,
¢

where

m=Q £ ¢«n)"

Secondly, in the case of v _ .o , the equilibrium point can be expressed as
=(e,, 8, €, where

(Mh,+ H(M p+)
N bk

€=

€
N oic( gh)™ (a6h) " ( +M o)(Mr o TN )

&=

— &3
P k(@M) (dD)( BM )6M , H)aoM . 9 Kig,N

S=(am(N) (AW -rM +, b N KB , FMBINK (, b )
+hoh(a -r) £ gh+t)bna HgM gT N Ka W -, ym,bh hyg
+2b 4 gk )M FET INK(Npk fa N r’-g g

éaz(Q2( r))ak( Q( |))2@{ -I’23/722/M T2 ﬁﬁlaXN k 1124(/7 2 @))QM h b
ELLNOK( A b g yta oy L) Al (D)9 L(4Q 0 4+ B 2bYGe
- bETLNk((@ «1)( B g+ b bt ) Deg(a -, )% g )W h bg
+ b7 g1 NK((r -a) g pNK) r-zg}(]

h,=Q '(Q(h))_ak’

h=Q £ q(h)™

Also, he Jacobian matrix which is necessary to analyze the equilibrium points of the discrete
distributed order HIV model is obtained as
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éjll j12 J 13

J(T’I’V)zziZl j22 j23 !

(?O Jaz Jas
where
a - ay T +In 0r o Nt
M M((B) " e r T kg 5 M d T AT )
jll: g é — T +mellx 26 ’
o (qu(n) " ra-r £ W 6
C max -
e oM T AT d T
Jio = T é_ +1 26’
(g () a2 e
¢ max =
p- M(q’k-l: "ar;ilzqa -Il;l |)
Jiz= K- X
()" rar ot g g
C max =
_ kV.T,
21 M(qz(h)) Kot
fpp = —— MG
* M (g, (h)) ™+ ¢
i.= KT,
” M(g(h) ™+ ¢
i = N b
T oM (g (n) "+
- Mo«
Jaz = 4

M (qa(h))_ak + £.

3.3.Stability Analysis of Equilibrium Points of HIV System

In this section, thetability of the model will be examined. The following Lemma and
Theorem are one of the important lemmas and theorems for determining locally asymptotically
stability of the equilibrium points. One can find some detailed definitions and theorems about
locdly asymptotically stability in (Jury, 1964), (Elaydi, 1999), (GopalR&d@8j, 2002), (Allen,

2007).
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Theorem 3.1.(Richter, 2002)et the equilibrium point of the difference equation
Xpsp = F( ) be X and assume that the functi@is a continuously differentiable function

defined on some open neighborhood of an equilibrium poifhe equilibrium poinK is
locally asymptotilta stable, if absolute values of all the roots of the characteristic polynomial are
less than one. Otherwise, the equilibrium poirg unstable.

Lemma 3.1 (SchwCohn criterion for n=3). (Elaydi, 1999) et the characteristic
polynomial bep(/)= 7 4 %/ ¢ /4 The solutions,, i=1,2,:0f p(/)=0 lie inside
the unit disk if the conditions below are satisfied:

l. 1+¢ + € O

|| 1- c G < 0.

i. 1-¢ ¢ £L

In the view of Theorem 3.1, the following theorem can be given.

Theorem 3.2.The equilibrium poing, of HIV system (1) is locally asymptotically stable if
following conditions are satisfied.
i

2(6:(1)" §raQM +( dH)* QT &y Mg 18] T2 ( IR R ?
M) (2Twr A dD) Y () r R ovRL+r B2 )0
MQgM((@(B) " +(gH) ") + b+ M G B (W (£Hd) |
ME(q, () " (oh) " e L(0) T oM ) G <)Y bgv
<2[M g( qn)™)(M +(o.(8) ")
vogm((a.(0) " +( o(9) *) + b+ gFm G B We” (0] |
(0 (1) * (o) * vM( zw)'@ oM ) G <)Y bav
<2‘ (g5 (n +MM )‘,b

/= Tuail[@ i) )0 e 3 4
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2ko(-Tmax((Q ) *)m = f )‘

r

V=

Remark 3.1.Since the equilibrium poigt of HIV system (1) leads to complicated process,
the examination of stability of the equilibrium pgjrs given in the numerical results section

3.4Numerical Results

In the view of Lemma 3.1 and Theorem 3.2, the stability ofdtlel will be examined for
the equilibrium pointg; and E; which have biological meanings. So, the parameters given in

(Wang & Li, 2010) and also used in (Ongun & Tu2BaB) are considered to be abt®topare
the stability results. These parameters are given as

k =0.0027¢ =0.3,, =1500, =04, =02, =M ,

During the analysis the step size is choden @91. In addition, to show that DODEs are
the general case of ordinary differential equations in some way, the density function is chosen as

d(a)=1. To compare the results with (Ongun and Turhan, 2013) in which the system is ordinary
differential equations the parameteéhefaverage specifiec@ll growth ratess chosen as=0.0%

. S0, by substituting equilibrium poikt into Jacobian matrix, the characteristic equation is
obtained as follows:

p(/)= 7 -0.012087°/ -979898.33/ +651.
According to SchduCohn criteria, it can be seen that

1. 1- 0.01208% 979898.33 6517.4% - 97337¢.
2. 1+0.01208%t 979898.33+ 6517.4% - 986414.

3. (1- 6517.4%) { -979898.33- 0.01208136517.47 = 434!

Since none of the condition of the Sefiahn criteria is satisfied, the equilibrium pejint

is not stable as {@ngun & Turhar013) At the same time, the solution of characteristic equation
IS

/,=0.006651, , = 989.89,/ = -98.

Since all of the absolute values of eigenvaluges 1,2,:is not smaller than 1, it is
approved that the equilibrium point is not stable.
For another comparison, by choosing0.8, it is obtained that

p(/)=7F % ¢ /4

where

q =3495.7956¢ = -24.559%, = 19399.6.
By using the values in thehurCohn criteria,

1. 1+g +¢ % %5927.4386
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2. 1-q +¢ < 15880.3203 ,
3. 1-¢ {¢ £ 64441.10
is obtained. So, similarly, the equilibrium pgim not stable as (@ngun & Turhan2013).
Now, let us choose the parameter &9.00.. The characteristic equation for the
equilibrium point; is obtained as
p(/ ): 7 9©.005382°/ -0.002145/ - 0.00(.

The root of the characteristic equation is obtaingd-as0.01093, 4 =004851,./ = 0.04
. Sincgl/,| <1, in this case, the equilibrium point is locally asymptotically staki@raguim &
Turhan,2013) In addition, using Sch@ohn criteria, it is satisfied that

1. 1+qg +¢ € 100321
2. 1- g +¢ <€ 0799249
3. 1-¢ {¢ i 099785

Now, let us compare the stability of the equilibrium pqitly choosing: =0.8. The
characteristic equation is obtained as

p(/)= ? 0.00543% -147344.33/ +0.01.

According to Sche€ohn criteria

1. 1+g +¢ € %47343.3411 .
2. 1-g +¢ £ %£47343.3597 .

3. 1-¢ {¢ £ 47343.3505 .
is obtained and it is seen that the equilibrium ppistnot stable.

On the other hand, as is known, discretization is depended to density function. So, under
different circumstance, the density function can be chosen different. Due to this reason, unlike the

other examples, let us choose the density function and thetqfxaramé(a) =3a4, a=0.1

andr =0.00;, respectively. For the equilibrium pdintthe characteristic equation is

p(/)=F %% ¢ /4
whereg = 0.15658,¢ = 0.056 andG =0.0084. Considering Sch@ohn criteria

1. 1+¢ ¢ £ 079531
2. 1-¢ ¥ ¢ 109163
3. 1- & {¢ £lc 094472

The equilibrium poink; is locally asymptotically stable because of satisfying all three conditions.
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As another example by choosiflfg)=2a-1, a=0.00t and r=0.0%, the
characteristic equation of the equilibrium plojris found as

p(/)= 7 ©.0056% -1.0093 / .0

Since the roots of the interested equatior ,&#€.00358, / = 1.00004,/ = -1.0C the

equilibrium point; is not stable.

As mentioned before, NSFD schemes are very effective methods. To show the effectiveness,
finally we present the comparison of the convergency of the method in Tablel and Table 2. The
compatibility of the resultsttviiOngun & Turhan, 2012) is seen.

Table 1.Stability of equilibrium poirtt, under application of different methéoisdifferent step
sizeh.(r =0.00, d(a)=1)

h Theta Method Fourth-Order Distributed  Order
Runge-Kutta NSFD schemes
Method

0.0001 Conv. Conv. Conv.

0.001 Conv. Conv. Conv.

0.1 Conv. Conv. Conv.

0.8 Conv. Conv. Conv.

1 Div. Conv. Conv.

5 Div. Div. Conv.

10 Div. Div. Conv.

Table 2. Stability of equilibrium poirtt; under application of different methdds different
stepsizeh (r =0.05, d(a)=1)

h Theta Method Fourth-Order Distributed  Order
Runge-Kutta NSFD schemes
Method

0.0001 Conv. Conv. Conv.

0.001 Conv. Conv. Conv.

0.1 Conv. Conv. Conv.

0.8 Div. Conv. Conv.

1 Div. Div. Div.

5 Div. Div. Div.
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10 Div. Div. Div.

CONCLUSION

In this study, a model defines the HIV infeatib@D4" T cells is rewritten in distributed
order form. The advantage of rewriting HIV system by DODEs leads from the density function
included in the derivative. By density function, DODESs can be regatidedaneral case of the
interested ordinary differential equation. So, under different circumstances, the behavior of the
differential equation can be interpreted. In the discretization of the model, NSFD schemes are
used. The stability analysis of tipgldrium points is presented. The stability results correspond
to ordinary differential equation model is compared with the results in literature. Also, the
efficiency of NSFD schemes for big stz is presented in Table 1 and Table 2 by comparing
with Theta method and Four@rder Rungé&utta method. The effect and the importance of the
NSFD schemes on convergency can be clearly seen from Table 1 and Table 2 for the big step size.
By making detailed comparison of the stability results with the gésrit in literature, it is
concluded that NSFD schemes can be applied to the system of DODEs.
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Analysisof the Charge Transport Properties of Bis Chalcone Derivative from
the Reorganization Energy, Band Gap under the Different Electric Fields
and Results of Bond Length Alternation for Efficient Organic Field Effect

Transistors

G¢ | YAKALI
Abdul | ah Bke¢e
G¢ensel TURGUT

Introduction

T h ecorifugated organic molecules especially including polyaromatic systems have attracted
considerable attention in the optoelectronic field due to having properties of stability, flexibility
and delocalization of algas, etcSiddiqui et al, 2012: 339, Cias et al, 2011:1TARAS} properties
provide enhancing the charge transport rate therefore optoelectronic device performance by
decreasing band gal)O . Especially3-conjugated containing thiophene backbone hav
considerably attention in semiconducting materials recently (Zhang et al., 2012: 879, Zhang et al.,
2008: 5148).

Theoretical and experimental studies including Marcus Electron Transfer Theory and
Density Functional Theory (DFT), single crystay xrystallography (SCXRD) are very important
methods to evaluate the charge transport properties of the moleculesEletronsTransfer
Theory is the powerful way for understanding the electron and hole transfer behavior of the organic
semiconductor molecules in material science (Chai et al, 2011:3219). According to Marcus Electron
Theory, the charge transfer rate styodgpends on the parameters of reorganization energy and
charge transfer integral. The reorganization €ngpgn be said that the change in the molecular
geometryvhen an electron is added or removed from a molecule (inner reorganization), (Zhu et al
2016:1078). For efficient electron or hole injection in the optoelectronic device form, it is desirable
that reorganization energy is small (Qi et al, 2020:3677). Beside the reorganizatit@Mergy,
and LUMO orbitals, energy band gap value undelifteeent electric fields play an important
role to determine the mobility since electronic devices are operated under the electric field.
Evaluation of theoretical results give ¢benprehensive information about the organic pi
conjugated molecules foethdevice forms whether they can be used as an optoelectronic device
or not.

The charge transfer integral of the conjugated molecules is highly desirable large that it is
evaluated from the molecular arrangements of the molecules in solid phaséom&aatRD
data. Solid film or the crystal phase of the molecules give the excellent information the device
performance by considering their aggregation phase which created noncovalent imtegactions
intermolecular hydrogen bonding, Hittarmolecula EZ\ stacking interactions, short

1Assoc. Prof . Dr . Gg¢ | Yakal E, Il zmi r K®&00200155048| e b i Uni ve
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interactions between the atoms and0E “ interactions in the crystal structure not only single
molecule since molecules display aggregation in their solid phases through collective interactions
between each other ( Yaioal, 2018:9, Herman et al, 201HBgh intermolecular overlaps and

close intermolecular contacts in the crystal structure are benefical for better performance of organic
devices especially, organic semiconductors. According to reported results &j§tdcking

modes ,the antiparall¢ltype stacking which shows more overlap between the ringy@ed

stacking mode which shows less overlap or parallel displaced mode between the rings increases the
optoelectronic device performance (Banerjee et al, 2019:2248, Li et al, 2020:970). Therefore, the
high performance fortype organic semiconductor witle small reorganization energy may be

attrbutedt o f a v B n staeking mode3with the close perpendicular distance420)
between the rings and structural rigidity with the perfect planar structure.

lonization potentia(lP), electron affinit{EA) are the important parameters to define
electron and hole injection barriers. The IP value must be small for efficient hole injection into the
HOMO of the molecule while EA value must be large to obtain efficient electron injection into
LUMO of the mdecule. The lower the IP of the hole transport layer (HTL), the easier will be the
injection of holes from ITO (indium tin oxide) to HTL, the higher the EA of the elé@nsport
layer (ETL), and the easier the injection of electrons from the catBdt€lio et all, 2003:5241,
Chai et all, 2017: 697, Br¢ckner et al | 201 7:

In present work, to analyze optical and electronic properties of the molecule, results of the
theoretical calculations and SCXRD datas were interpereted and strpeiyerlationship of
the molecule was studied. Experimental and theoretical results demonstrated that this molecule
can be used as an efficient electron transport material for OFET applications with the excellent
properties in terms of small reorgarozati e ner gy, high el ectron af fi
stacking interactions mode in solid phase giving the information about charge transfer integral and
modified to decrease reorganization energy and increase charge transfer integral.

Method

Densityfunctional Theory Calculations includd8L YP functionahnd 6311G basis set
were performed to evaluate electronic and optical properties of the molecule for the use an organic
semiconductors devices by using the cif file data obtained SCXRD expdthntieatGaussian
software (Taydakov, 2016:32, Tsiper, 200:47).

According to Marcus Theory, the charge transfer rate is determined by the following
equation.

e (b . T~ i . T~
® =5 “i_QYl Agb_jtQy
Here, V and. are the transfer integral and reorganization energy, respectivelig The
divided into two parts as which represents to the geometry relaxation energy of one molecule

from neutral to charged state and represents to the geometrgxation energy from charged
to neutral state.
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HereO 0 is the neutral energy the optimized charged geod@etry, is the energy
of the neutral geometi® 0 -O 0 are the energies tfe charged state at the
optimized neutral geometry &d 0 -O 0 are the neutral energies of charged states.
In the calculaion of ionization energy, the adiabatic ionization potentild NRajical ionization
potential (IPv) have been calculated as the following equation.

00 OO0 0 0O 0 andO0 VO 0 0 0

The adiabatic/ertical electron affinity (EAa)/(EAv) afl molecules have been calculated
as following equation;

Oo0os0D U -O 0 andOo®O 0 O 0
Results and Discussion

The optimized geometries of t@mpound in the neutral state created through the cif file
of the single crystairay diffraction data are demonstrated in the Figure 1. The moieties of the
molecule have a slightly twisting and rigid molecular geometry in solid phase with theglghedral an
of 75J between the molecule plane and cyclohexane ring. The main aim of this study is to examine
the molecular geometry and noncovalent interactions on its energy levels and charge transport
properties. Therefor&JOMO and LUMO levels, ionization pot&h reorganization energy,
electron affinity were interpreted by taking into account the geometry and interactions of the
molecule in solid phase. In additibime electronic properties of the molecule under the different
electric fields were investighite the y direction which is the possible direction of charge transfer
channel s since the piépi stacking interacti
crystal structure.

The molecule shows symetrical structure with the agydi@hexane ring and tiyophene
rings at the ends of the molecule skeleton. Since the molecule is symmetrically twisted from the
molecule plane it can be visualized as a propeller. The optimized geometric parametersof the
molecule in neutral, anion andarastates are presented in Table 1.
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Figure 1.The optimized geometries of the studied compound.

166



KocabEyEk, Mehmet & YakEt Ongun;AnApglivatiop of Digtribdtedr han ¢et i
Order Differential Equations to a HIV Infection Model

Table 1Bond Length Alternation Values of the compound

Index Notr Anion Cation o = 4

a 1.72796 1.74615 1.71584 0.01212 0.01819
b 1.36811 1.36911 1.38465 0.01654 0.0010
c 1.41490 1.41311 1.39469 0.02021 0.00059
d 1.38305 1.39508 1.40679 0.02374 0.01203
e 1.43944 1.42518 1.41167 0.02777 0.01426
f 1.35429 1.37604 1.37920 0.02491 0.02175
g 1.50143 1.47283 1.49347 0.00796 0.0286
h 1.22652 1.25818 1.22335 0.00297 0.03166
E 1.50144 1.47280 1.49355 0.00789 0.02864
i 1.35428 1.37605 1.37922 0.02494 0.02177
j 1.43943 1.42516 1.41166 0.02777 0.01427
k 1.38303 1.39507 1.40686 0.02383 0.01204
I 1.41491 1.41310 1.39467 0.02024 0.00181
m 1.36811 1.36910 1.38469 0.01658 0.00099
n 1.72797 1.74616 1.71586 0.01211 0.01819

The reorganization energy of the molecule can be predicted from the change in the molecular
geometry optimized neutral, anion and cation $tétes.a molecule gains or loses charges, it will
relax its molecular geometry for a new charge distribution. Due to the extended pi system, the
change in the molecular parameters of the studied molecule are observed over the entire molecule.
The bond lendpt alternation (BLA) based on reduction and oxidation displayed small changes that
BLA values upon reduction for the molecule are considerably larger than that of oxidation; this
result verify the reorganization energy for electron is greater thdorthose of the molecule
which support the results obtained from reorganization energy calculations (Table 2). In addition,
the torsion angles about the cyclohexane ring in the molecule are 173.80, 174.46 and 158.86 for the
neutral anionic and cationictesa respectively which supports the creation smaller geometrical
changes in the anionic state than that of cationic state, also. According to following equation, the
small reorganization energywhich is supported by a smaijeometrical relaxation with respect
to the neutral geomeig/favorable to get high charge transport rate. Therefore, it can be predicted
that studied molecule has electrons as a charge carriers and featwty e tidecule due to
small electron reorganization energy value (0.20 eV).

W .. - .
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Table 2.The value of the reorganization energies of the compound.
Compound BoLI uk r eor gan Elektronreorganizasyon enerjisi
(eV) (eV)
Bis-chalcone 0.23 0.20
Table 3.The value of the iyonization potenteial and electron affinitiy of the compound.
Strong stacking interactions of the compound
Stacking parameters Cgl E Cgl|CgECg2 CgZE Cg2 Cgl E Cgl
(pathway 1) (pathway 2) (pathway 3) (pathway 4)
Pitch angle (B) 26.7 21.3 18.6 24.1
Rollangle (RJ) 3.9(2) 5.3(2) 5.3(2) 3.9(2)
Pitch distanc€X dB 1.95 1.55 1.30 1.78
Roll distance’q dB 0.26 0.36 0.36 0.26
Slipping anglé @) 241 18.6 21.3 26.7
Interplanar distanc@( dB 3.875 3.982 3.875 3.982

I n devi

i nteract. i
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ons i n

a p p | -conjugatéd systems besidedhe takiny int acgount the

reorganization energy, the molecular arrangement and assembly of molecules are considered to
determine the charge transfer integral given in the equation 1 wiagtarsuneter defined the
molecular interaction between the adjacent fragments of the molecule through noncovalent

s ol

d phase.

Mo |

ecul

ar

stacking interactions provide charge trabhspannels between the aggregated moldauies.
molecule, the antiparallel H type with helical stacking interactions in the solid phase of the molecule
forms the charge transport channel for the molecule that this type stacking is a favourable to
increase the charge transport rate, therefore transfer integral value since high transfer integral result
in high charge mobility in the optoelectronic field (Figure 2). The pi..pi stacking type of the studied
molecule was decided by evaluating the staclingemactions parameters given in the Table 4.
In addition, the stacking interactions of the molecule are consolidated by the nonlassical hydrogen

bonds.

Compound

IPa(eV)

IPv(eV)

EAa(eV)

EAv(eV)

Bis-chalcone

7.19

7.31

1.15

1.05

Table 4.Crystallographic stacking data of the compound.
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Figure 2. The favourable charge hopping pathways of the compund.

To further understanding the optoelectronic device performance of the molecule, injection
of hole and electron into an organic molecule should be considered through evaluating IP and EA
vales. The IP value must be small for efficient hole injection into the HOMO of the molecule
while EA value must be large to obtain efficient electron injection into LUMO of the molecule.
The lower the IP result in easier the injection of holes, the ImgheAt result in easier the
injection of electrons .The calculated results of the IPs and EAs,-HOMO energy levels and
band gaps are shown in Table 5 and 6. In our study, it is clear that IPv has higher value, whereas
vertical electron affinity hatoaer value when we compare the results with other studied similar
molecules given in the literature (Wang et al, 2016:8405, Navamani et al, 2013:17948). The low
electron affinity of molecule means large barrier for electron injection, which willadsgh in
threshold voltage. The LUMO level of the molecule should be lowered for easy electron injection.
As a result our molecule are suitable for electron transport with the high EA value and hole
transport material with the small IP value. It could b& cpndidate material to obtain efficient
ambipolar ( n type and p type) type charge transport material in optoelectronic field.

The distribution of the HOMO and LUMO of the molecule at different electric fields from
0.0 eV to 0.40 eV were calculatedarytdirection which is the possible direction of charge transfer
since the piépi stacking interactions are
structure. (Figure 2) . Since HOMO and LUMO orbitals are delocalized over the enties molecul
it has good conducting channel for the electron transfer. The total dipole moment of the molecule
has been found as small 2.078 debye when there is no electric field. It means that the molecule has
high polarizability. Its dipol moment value decreastte electric field applied that the electron
transport property of the molecule is strengthened as electric field increased. The change in the
electric field has the effect on the HOMO and LUMO energy levels and band gap value (Table 5
and Table 6). lhas also been observed that the increase in electric field leads to the decrease in
band gap and the HOMO and LUMO start localizing at the opposite side of the molecule showing
that the molecule under electric field is a better electron transport. material
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