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Improvement Suggestions for Industrial IoT Security Issues

Fatih TOPALOGLU

Introduction

IIoT is one of the most important and common applications of the IoT ecosystem. The
integrated application of IoT and industrial automation systems is called IIoT (Lin et al., 2015). Rapid
developments in IoT have attracted the attention of companies trying to increase production quality
and efficiency (Li et al., 2014). IIoT devices retrieve and analyze data from connected entities,
locations, and people, processing insights based on the industrial edge.

While the security issues for IoT have not been solved yet, the penetration of IoT into the
industry and the naturally uncontrollable growth of end to end interactive production networks have
confronted us with even greater security challenges. In addition, factories will have to use Industry
4.0's processes and principles related to smart products and production, such as interoperability,
modularity, autonomy, virtualization, real-time operation and featured internet services, in order to
solve the production problems they will encounter (Hermann et al., 2015).

These challenges are the lack of security frameworks and the breadth of security issues, and
are major obstacles to improving IoT security. Today, there is no common approach to cybersecurity
in IoT, which leaves the door open for device manufacturers to use their approach, resulting in
undeveloped or underdeveloped standards in adopting IoT security measures.

In many cases, manufacturers designing IIoT devices are forced to integrate effective security
controls into product design, resulting in devices that are inactive or have little or no encryption to
secure the data being transmitted. Since security is not included in the device initially, users have
difficulty securing them after it is applied, they can constantly leave the door open to potential
cyberattacks, causing operational downtime and loss of customer data.

The rest of the work is organized as follows. In the second part, information about Iot
architecture and its properties is given. In the third part, IIoT security challenges are identified. In the
fourth chapter, a set of improvement suggestions for IIoT security problems consisting of ten criteria
is presented. The study is summarized in the last section.

2. 10T Architecture and Features

U Fatih TOPALOGLU, Dr. Ogr. Uyesi, Malatya Turgut Ozal University, Departman of Computer Engineering,
fath.topaloglu@ozal.edu.tr
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IoT platform is a multi-layered technology that enables direct monitoring, management and
automation of connected devices in the IoT ecosystem. Basically, it connects hardware to the cloud
using flexible connectivity options, enterprise-class security mechanisms, and extensive data
processing powers. A platform offers a number of out-of-the-box features for developers that greatly
speed up the development of applications for connectable devices, dealing with scalability and cross-
device compatibility.

IoT architecture basically consists of three layers. This architecture has been widely used to
describe the IoT approach (Desai et al., 2015; Ning & Hu, 2012; Romero et al., 2016; Tsai et al., 2014;
Yun & Yuxin, 2010). Three layered architecture consists of perception, network and application layers
given in Figure 1. The perception layer is considered as the hardware or physical layer and is used to
perform the information gathering process. The middle layer is the network layer. By connecting the
network layer to the application layer with the perception layer, objects can move from the perception
layer to the application layer, while systems, applications and services can switch from the application
layer to the perception layer. The application layer provides services and applications by analyzing and
integrating the information received from the other two layers.

Application Layer

Network Layer

Perception Layer

Figure 1. IoT architecture

The number of objects connected in the IoT structure is much higher than the number of
computers connected in the traditional internet structure (Mattern & Floerkemeier, 2010). In addition
to being scalable, an IoT platform must be flexible enough to keep pace with rapidly changing
technologies, protocols or features. As security on an IoT platform, there should be concrete plans to
update security, including device to cloud network security, user to application wireless network
security, cloud security, device security, application authentication, data encryption, data protection,
secure session initiation, and wireless communication. Data analytics and data ownership, the value of
IoT is in data. Data can provide actionable information about operations or simple daily activities to

reduce inefficiencies or improve experiences.

3.Industrial IoT Security Challenges
We can count the tasks of IoT in the industry as real-time monitoring and control of processes,

assigning smart machines, smart sensors, smart controllers with special communication and internet
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technologies, and maximizing secutity, reliability and reliability through high-precision automation and
control.

The object management process is complex, it includes many different processes such as
opening and closing objects, configuring devices, updating software, troubleshooting, monitoring
devices, and collecting data and connection statistics (Borgia, 2014).

Failure to Provide Uninterrupted Network Service, many objects in production such as
machinery, equipment, sensors, control units are connected to each other and to the cloud, and when
instantaneous data collection and processing capabilities are considered as parts of the organism,
interruptions in any or all of the network disrupt the functioning of the network.

Objects may not always be fixed, in fact many services are expected to be distributed by mobile
users, so the mobile has taken its place among other challenges. Connection and service disconnection
problems may arise, especially when users or moving objects are in motion (Al-Fuqaha et al., 2015).

Problems in the Software Development Life Cycle, old software that did not add security to
the development process, devices communicating at lower levels, have problems connecting systems
that do not have or are incompatible with security protocols. It is not always easy to securely connect
structures where there is no common standard.

Inadequate Change Management Practices, it is important for security that every change made
at endpoints is made in a controlled manner. A company that cannot record, analyze and manage
changes endangers its production line with its own hands.

Inadequate Risk Management Practices, it is impossible to determine and follow the path in
an environment where the risks of every step taken are not calculated, especially in a technology that
does not have a solid foundation such as IIoT security.

Traceability of Endpoints Although there are systems that can monitor endpoints and provide
security up to a certain level, the difficulties of digitalization without making these investments are
increasing day by day due to the unconsciousness of manufacturing companies.

IIoT platforms can differ significantly due to the different needs of the applications. However,
despite the large variance in IoT applications, there are some common elements to consider when
evaluating the best IoT Platform for implementation.

4.Industrial IoT Security Improvement Recommendations

Safety is no longer a secondary issue in IIoT devices. On the contrary, it is one of the most
fundamental elements of sustainable success in industry practices. A robust IoT security system
enables developers to protect devices from all types of vulnerabilities while deploying the level of
security that best suits application needs. The criteria and recommendations set within the scope of
IIoT security improvements in the article are as follows:

Preferring devices that prioritize security: Some devices were designed before the IoT era and it
is not even possible to connect with them. These devices are not at all powered to identify and
eliminate or mitigate vulnerabilities. Many other legacy devices are cheap or not designed specifically
with IoT security in mind. Therefore, despite the manufacturer's good faith, IoT does not have
cybersecurity features.

10
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There are some simple security precautions that all IoT manufacturers should follow. These
minimum requitements are; Enforcement SSL. / TLS encryption for secured connections, encryption
for sensitive static data on the device, and providing a secure channel to the device for direct firmware
updates.

Performing Software Updates: One of the biggest IoT mistakes companies make is that
they don't update their devices with the latest software and security patches. This is a major mistake
made for a lot of IoT devices in use, which can costly motivate hackers to exploit vulnerabilities to
their advantage.

It is an important precaution to choose an IoT device from a manufacturer that provides
security fixes automatically without the need to search for updates or install them manually. Un
updated devices are targeted because they rely on users to delay loading the latest system software
versions. Even if automatic updates are not available for your IoT device, it needs to be updated
manually, users should make this a habit to make sure the operating system is up to date.

Regular Penetration Tests: One of the biggest security actions companies can take is to
strengthen their networks cautiously. One of the most important steps in this is penetration testing,
which is a systematic study to identify security vulnerabilities of an organization. Penetration testing is
a comprehensive way to find cyber vulnerabilities in an organization and ethically test the quality of
organizations' defense mechanisms.

More specifically, it is a kind of test that will reveal vulnerabilities in potential attack surfaces
such as local network, internet or web application that an attacker can exploit, or weaknesses and risks
in a software application. The general purpose of all of these is to find the vulnerabilities of the tested
system and to make a full risk assessment.

Of course, it would not be entirely correct to associate this test with only finding
vulnerabilities. At the same time, a real world attack is simulated to determine how the defense against
a breach will proceed. There are basically three types of penetration tests:

Blackbox: penetration test: There is no preliminary information about the system to be tested. In
this type of penetration test, only the target is clear. Attacks are organized with the malicious person's
point of view, and the damage to be caused by a potential attacker is detected by collecting information
about the target system.

Gray Box Leakage Test: There is some information about the system to be tested. It is a test
between black box and white box. The adverse effects that can be created by unauthorized users on
the internal network are simulated.

White Box 1eakage Test: You have all the information about the systems to be tested. In this
way, possible damages are detected.

Encrypting Devices: IoT devices are mostly defined either without default credentials or
with extremely weak passwords. Encryption plays an important role in the security of network
communications as well as IoT devices. Encryption, restriction of access and information filtering
processes to strengthen these weak points reduce the possibility of access by third parties who will
compromise the integrity of the information provided from the device to the network. One of the
biggest mistakes network administrators can make to gain remote access to IoT devices is to use
protocols such as http.

11
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Strong passwords make it difficult to infiltrate IoT devices. The stronger, more detailed and
complex the password is, the better the device can be protected from the inside out. For strong and
reliable passwords; The principles of always using a combination of numbers, symbols, lowercase
letters and uppercase letters, not using personal information, never using the same password for more
than one account, and not recording all passwords electronically should be taken into account. If
passwords need to be followed, a verified password manager must be used.

Real Time Device Monitoring: IoT devices need to be monitored to detect traffic, usual
compromises, or unwanted traffic and activity. Unusual traffic patterns are a major sign of
unauthorized access to the IoT device. Traffic volume on IoT devices should be studied in depth
about network traffic including the most active devices, bandwidth consumption and high usage times.
IoT devices should have a built in real time device monitoring feature that can be controlled with a
central management server and generate reports on health status. This reporting mechanism can be
used to monitor devices for infiltrations. However, real-time monitoring of the information gathered
from production will provide an important advantage in terms of competition and cost (Snatkin et al.,
2013).

Segmentation of the Network: Currently, many technology networks are still implemented
as flat topology since they are not designed to connect to corporate networks and the Internet. There
are many vulnerabilities for IoT devices in flat topologies. IoT devices must have a segmented,
separate network access from critical infrastructure or sensitive information.

Dividing a network into secure segments helps separate IoT devices from core I'T devices.
Network segmentation increases IoT security by reducing the risk of one part of the network affecting
other parts. In this way, a possible threat is kept in only one part of the network and other parts are
secured. In this way, the threat can be limited to a single point and it can be prevented from affecting
the whole network. At the same time, it is ensured that sensitive data are kept in a much more secure
location. This makes it difficult to access these sensitive data in a cyber attack. Also, an important key
to improving IoT security is to create zones around loT endpoints and develop specific security
policies based on business requirements.

Human Errors: Users choosing simple passwords in the configurations of objects connected
to the Internet or not changing the default passwords that come with these devices create serious
security vulnerabilities. In recent years, malware has taken advantage of these vulnerabilities to capture
online objects and cause service interruptions, financial losses and reputation damage, which are used
as attack elements in distributed denial of service attacks.

Scenarios and tools should be used to alleviate human error. Human error is one of the most
vulnerable points for companies and IoT is no exception. Security should be woven from customer
experience to minimize human error that can lead to violations. This includes automated digital
certificate configuration and distribution, where things like data encryption, secure boot and
authentication are planned.

Hardware Approach: While software-based security solutions are required to protect IoT
data, another solution is to start the protection level at the device level. The semiconductor industry
has begun providing hardware-based security solutions throughout the IoT ecosystem. Micro control

12
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chips and embedded software in the device hardware enable more and more functions to be
performed more reliably (Atzori et al., 2010).

Chip level security features will be useful for establishing a rooted trust between device and
network. Currently, problems with chip-based security arise from the fact that not all IoT devices have
a chip that ensures their security due to the low cost and low functionality of the device.

New Generation Firewalls: The new generation firewalls, which are a hardware or software
based network security system, can detect and prevent attacks by applying security principles at
application, door and protocol levels. Next generation firewalls provide critical services such as an
intrusion prevention system to detect and block IoT usage without interfering with devices network
access. IPS constantly examines network traffic flows to detect and prevent vulnerability exploits.

Generation Firewall can control package content, source-target and user behavior without
compromising performance. The most obvious and important difference between the new generation
firewall and the traditional architecture is that the next generation firewall has an architecture that can
recognize the applications that generate the traffic. This enables the separation of applications and
establishment of corporate policies determined according to business rules. Thanks to the ability to
examine data packets in great detail in new generation firewalls, data packets do not need to be checked
in a second product, and this situation is recovered in terms of performance and cost.

Some basic functions in the new generation firewall; application control, intrusion prevention
system, anti virus protection, zero-day protection on-site or in the cloud, application recognition and
control system, virus / malicious content control, URL category and content filtering, anti-bot
protection, anti-spam protection and bandwidth management.

Identity Management: Provides mechanisms for authentication, authorization and control
of identities to provide access privileges for users and devices. In computer security, it is the security
and operation discipline that enables the right people to access the right resources at the right time for
the right purposes. It also contains descriptive information about the user and who can access and
change this information. Managed items often include users, hardware and network resources, and
even applications. It targets the need for access to appropriate resources in an increasingly multi-
element technology environment and the increasingly stringent compliance requirements.

5. Conclusion

Standards regarding IoT are still discussed, the production of devices is done quickly and
without adequate security measures, and moreover, they are not aware of the health gaps. Therefore,
industrial organizations have an obligation to face the IoT security issue and take a proactive stance.
This set of security recommendations we have listed can be considered as a part of the proactive
security stance.

With the improvement suggestions set out in the article, it is aimed to establish a standard for
IIoT safety studies of an industrial organization. The correct perception of the recommendations
made in the study will contribute to the security of IoT systems, the security of other systems with
which these systems interact, and corporate security.

13
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FaceRecog-Net: Development of Real Time Manufacturing Employee
Tracking System with Face Recognition Feature Based on Deep Learning
Algorithms for Android Mobile Systems

Caglar Giirkan®
Merih Palandéker?

1. Introduction

Face recognition is one of the often used biometrics methods. Biometrics are defined as the
physiological (such as face, iris, and finger geometry) or behavioral (such as signature and gait)
characteristics of a person (Hamdan & Mokhtar, 2018). Particularly, face recognition has become a
popular research subject in recent years. Face recognition systems are used in the field of security in
addition to their commercial use. This is because face recognition systems are fast and easy to use and
gives result in a high success rate. However the faces are similar, so face recognition needs to be done
with more precise algorithms (Aburomman & Reaz, 2017). Factors that make face detection difficult
includes age, undetectable of part of the face, change of the human pose, glare of the face, complex
background, human skin color and distance between person and camera (Lal et al., 2018). In order to
overcome these difficulties, machine and deep learning based algorithms have been proposed by
researchers.

In this paper, real time personnel control and tracking system based on convolutional neural
network (CNN) have been focused. For this reason, we have created own dataset which includes face
images of 6 different people. CNN and haar cascade classifier algorithm have been used to perform
face recognition. In this context, we have proposed four different state-of-the-art CNN architecture
designs. CNN architecture design 1, also called FaceRecog-Net has achieved the highest predictive
performance with accuracy of 95.27% and Fl-score of 95.08%. The weight files of FaceRecog-Net
have been conjuction with the haar cascade classifier algorithm. The entrance and leaving time of
personnel and the information about which personnel entered and exited have been transferred to the
Firebase Real Time Database, followed by these information transferred to the developed Android
based mobile application. As a result, a personnel control and tracking system supported by Android
and artificial intelligence (Al) algorithms has been developed.

The contributions of this proposed research are outlined as follows:
a) Personnel control and tracking system supported by Android and Al has been developed

for Industry 4.0 digital transformation.
b) Four different CNN architecture designs have been proposed and contributed to the

literature.

1Caglar Giirkan, M.Sc., Izmir Katip Celebi University, Electrical Electronics Engineering, caglar.gurkan@outlook.com
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¢) The design, called FaceRecog-Net, have been presented. FaceRecog-Net is likely to perform
effectively in other face recognition or analysis (age, gender, and emotion) applications.

The presented paper is organised as follows. In Section 2, the related works on face recognition
have been reviewed. In Section 3, the utilized methods have been presented. In Section 4, the
experimental procedure and results have been reported. Lastly, in Section 5 concluding remarks have
been presented.

2. Related Works

Research in the literature on the face recognition using machine and deep learning algorithms
are presented in this section.

Mamak et al. used three different algorithm, such as fisherface, eigenface, and local binary
pattern histogram (LBPH) for the purpose of developed the real time face recognition based personnel
control and tracking system (Mamak et al., 2020). Selvi et al. used principal component analysis (PCA)
for student attendance marking system in university (Selvi et al., 2014). Aksoy et al. proposed four
different methods, namely PCA, latent dirichlet allocation (LDA), local binary pattern (LBP), and
singular value decomposition (SVD) to developed face recognition system using face images of 41
people (Aksoy, 2019). Banerjee and Das used generative adversarial networks (GANs) for developed
the face recognition system, and the GANSs has achieved accuracy of 90% (Banerjee & Das, 2018).

3. Methodology

In this section, the utilized methodology in the study is presented under the subtitles data
collection and preprocessing, CNN models and training phase, performance evaluation metrics, haar
cascade classifier algorithm, and personnel tracking via android based application.

3.1. Data Collection and Preprocessing

In this study, we have created own dataset for personnel control and tracking system. To
develop this system, we have obtained face images of six different people via a 12 MP phone camera.
While collecting the images of these people, attention has been to taken photos by focusing on the
face. In addition, the close distance between the face and the camera has been taken into account, and
the photos have been taken different angle. The dataset consists of total 736, 588, 338, 852, 467, and
379 images for personnel 1, personnel 2, personnel 3, personnel 4, personnel 5, and personnel 0,
respectively. Images in dataset have been resized to 224x224 pixels. 80%, 10%, and 10% of the dataset
have been used for training, validation, and testing, respectively.

3.2. CNN Models and Training Phase

In this paper, four different CNN architecture designs have been proposed to real time face
recognition. Details of each layer of proposed CNN architecture designs are represented below:

The block called block A have been used in all CNN architecture designs. The design of block
A comprised of convolution layer with the number of filters 32, kernel size of 3, strides of 1, padding
of ‘same’, and activation function of ‘Rel.u’” has been used with batch normalization layer at the last
stage. After the batch normalization layer, max pooling layer with the pool size of 2, strides of 2, and
padding of ‘valid’ has been used. Then, the convolution layer with the number of filters 64, kernel size
of 3, strides of 2, padding of ‘valid’, and activation function of ‘ReLu’ has been used with the batch
normalization at the last stage. After, max pooling layer with the pool size of 2, strides of 2, and
padding of ‘valid” has been used. In the last three layers of Block A, convolution layer with the number
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of filters 128, kernel size of 3, strides of 3, padding of ‘valid’; and activation function of ‘ReLu’ has
been used with the batch normalization at the last stage. After the batch normalization layer, max
pooling layer with the pool size of 2, strides of 2, and padding of ‘valid” has been used. The design of
block A is shown in Figure 1. The strides hyperparameter used in second and third convolution layers
have been set to 2 and 3, respectively, and padding hyperparameter have been used as valid in these
convolution layers hence the output image size has been reduced and the training of CNN models
have been accelerated.

CNN Architecture Design 1: Images have been given as input to two parallel block A, and
outputs of feature maps obtained by these two parallel block have been concatenated followed by
flattened. This architecture design is shown in Figure 2.

CNN Architecture Design 2: Images have been given as input to three parallel block A, and
outputs of feature maps obtained by these three parallel block have been concatenated followed by
flattened. This architecture design is shown in Figure 3.

CNN Architecture Design 3: Images have been given as input to two parallel block A, and
outputs of feature maps obtained by these two parallel block have been concatenated. Then,
convolution layer with the number of filters 128, kernel size of 3, strides of 1, padding of ‘same’, and
activation function of ‘ReL.u’ followed by batch normalization layer, and max pooling layer with the
pool size of 2, strides of 2, and padding of ‘valid” have been used. This architecture design is shown
in Figure 4.

CNN Architecture Design 4: Images have been given as input to three parallel block A, and
outputs of feature maps obtained by these three parallel block have been concatenated. Then,
convolution layer with the number of filters 128, kernel size of 3, strides of 1, padding of ‘same’, and
activation function of ‘ReLu’ followed by batch normalization layer, and max pooling layer with the
pool size of 2, strides of 2, and padding of ‘valid” have been used. This architecture design is shown
in Figure 5.

I Block A |

/ Convolution Layer (filters = 32, kernel size = 3,
strides = 1, padding = same,

activation function = relu)

| Batch Normalization

!

Maximum Pooling Layer (pool size =2,
strides = 2, padding = valid)

Convolution Layer (filters = 64, kernel size =3,
strides = 2, padding = valid,
activation function = relu)

| Batch Normalization |

Maximum Pooling Layer (pool size =2,
strides = 2, padding = valid)

Cenvolution Layer (filters = 128, kemel size =3,
strides = 3, padding = valid,

activation function = relu]

| Batch Normalization |

Maximum Pooling Layer (pool size =2,

strides = 2, padding = valid) /

Figure 1. The design of Block A.
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Block A Block A

| Concatenate |

!

I Flatien |
v

Dense Layer (unit = 512,
activation function = relu)

!

Dropont (threshold = 0.3)

!

Dense Laver (unit = 256,
activation function = relu)

|

Dropout (threshold = 0.3)

!

Dense Layer (unit = 6.
activation function = softmax)

Figure 2. The structure of the proposed CNN architecture design 1, called FaceRecog-Net.

[ Input |

[Biocka | | Blocka | | Blocka |

| Concatenate |

!

I Flatten |
v

Dense Layer (unit= 512,
activation fiunction = relu)

!

Dropout (threshold = 0.3)

}

Dense Layer (unit = 256,
activation function = relu)

|

Dropout (threshold = 0.3)

}

Dense Layer (unit=6.
activation function = sofimas)

Figure 3. The structure of the proposed CNN architecture design 2.
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| Concatenate |

Convolution Layer (filters = 128, kernel size = 3,
strides = 1. padding = same,

activation function = relu)

| Batch Nermalization |

!

Maximum Pooling Laver (pool size =2,
strides = 2, padding = valid)

|

Flatten

'

Dense Layer (unit= 512,
activation function = relu)

v

Dropout (threshold = 0.3)

Dense Layer (unit = 256,
activation function = relu)

'

Dropout (threshold = 0.3)

|

Dense Layer (unit= 6.
activation function = softmar)

Figure 4. The structure of the proposed CNN architecture design 3.
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activation function = refu
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Maximum Pooling Layer (pool size =2,
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|
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!
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activation function = relu)

!
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Dense Layer (unit =256,
activation function = relu)

'
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l
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Figure 5. The structure of the proposed CNN architecture design 4.

19



Gurkan, Caglar; Paland6éken, Merih; FaceRecog-Net: Development of Real Time Manufacturing Employee
Tracking System with Face Recognition Feature Based on Deep Learning Algorithms for Android Mobile
Systems

Training phase belong to proposed CNN architecture designs are as follows:

Optimizer, loss function, and learning rate have been used as Adam, sparse categorical cross
entropy, and le-3, respectively. CNN architecture designs have been trained along 100 epoch while
batch size has been chosen 32. The last three layers consists of dense layers for all CNN architecture
designs, and the number of neurons of these dense layers are 512 with activation function of Relu,
256 with activation function of ReLLu, and 6 with activation function of Softmax, respectively. Dropout
layers have been used with the threshold of 0.3 between dense layers. Weight files for CNN
architecture designs have been saved for use in the real time analysis stage. In experimental analysis,
Keras library and Spyder integrated development environment (IDE) have been used in NVIDIA
GeForce GTX 950M graphics card.

3.3. Performance Evaluation Metrics

For evaluate the performance of CNN models, accuracy and F1-score metrics have been used
in this research. The accuracy and Fl-score values are computed as given below formulas:

TP+TN
Accuracy= 1)
TP+FP+TN+FN
Precision = P 2
recision = TP+EP (2)
Recall = P 3
T TPHEN ©)
2 x Precision x Recall
F1-scote = — 4
Precision+Recall

TP, TN, FP, and FN defines the number of true positive, true negative, false positive, and
false negative, respectively. The results obtained by accuracy and F1-score metrics, and comparative
analysis are demonstrated in section 4.

3.4. Haar Cascade Classifier Algorithm

Haar cascade is an effective classifier used to solve face detection problems (Landesa-Vazquez
& Alba-Castro, 2010). The main purpose of face detection algorithms are to determine whether there
is any face or not in image, video or real time camera view (Chen et al., 2011). In this study, haar
cascade classifier algorithm has been used for face detection in real time camera view.

3.5. Personnel Tracking via Android Based Application

In this stage, label information (i.e. employee 1, employee 2, employee 3, employee 4,
employee 5, and employee 6) using CNN's weight files and haar cascade classifier, and information
about when the employee has appeared in a real time camera view, has been transferred to Firebase
Real Time Database using firebase, time, and datetime libraries with Python programming language
in Spyder IDE. Finally, entrance/leaving time and label information have been transferred to the
mobile application developed in the Android Studio IDE in Java programming language using
Firebase Real Time Database query methods. The obtained results are shown in Section 4.

4. Results and Discussion

The accuracy, Fl-score, and number of total parameters values have been obtained by
proposed CNN architecture designs in the experimental analysis and are shown in Table 1.

2.418.822, 3.561.542, 879.3606, and 1.120.966 total parameters have been examined by CNN
architecture design 1, architecture design 2, architecture design 3, and architecture design 4
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respectively. The accuracy values of 95.27%, 94.67%, 94.75%, and 94.38% have been achieved by
CNN architecture design 1, architecture design 2, architecture design 3, and architecture design 4

respectively. The Fl-score values of 95.08%, 94.30%, 94.57%, and 93.79% have been achieved by
CNN architecture design 1, architecture design 2, architecture design 3, and architecture design 4

respectively.

The predictive performances of proposed CNN models respectively; the highest predictive
performance with accuracy of 95.27% and Fl-score of 95.08% has been achieved by CNN
architecture design 1. The second best predictive performance with accuracy of 94.75% and F1-score
of 94.57% has been achieved by CNN architecture design 3. The third best predictive performance
with accuracy of 94.67% and F1-score of 94.30% has been achieved by CNN architecture design 2.
The fourth best predictive performance with accuracy of 94.38% and F1-score of 93.79% has been
achieved by CNN architecture design 4. It has been named CNN architecture design 1 the FaceRecog-
Net, where the best result has been achieved. However, when the accuracy and f1-score have been
considered together with the number of total parameters examined by models, the usability of CNN
architecture design 3 is also acceptable.

Table 1. Accuracy and Fl-score results obtained by proposed CNN architecture designs.

Models Accuracy F1- Total
score Parameters

CNN Architecture Design 0.9527 0.9508 2.418.822

1 (FaceRecog-Net)

CNN Architecture Design 0.9467 0.9430 3.561.542
2

CNN Architecture Design 0.9475 0.9457 879.366
3

CNN Architecture Design 0.9438 0.9379 1.120.966
4

Note: The highest performance obtained by among to proposed CNN architecture designs has been indicated
by bold.

In general analysis, CNN architecture designs (FaceRecog-Net and CNN Architecture Design
3) consisting of two parallel blocks have achieved better predictive performance than CNN
architecture designs (CNN Architecture Design 2 and CNN Architecture Design 4) consisting of three
parallel blocks. The use of convolution, batch normalization, and maximum pooling layers after
concatenated of feature map significantly have reduced the number of examined parameters, but have
not cause a serious decrease in the accuracy rate and Fl-score. The reason for the decrease in the
number of examined parameters is the convolution layer with the number of filters as 128 used after
the concatenate layer and maximum pooling layer with the pool size of 2 and strides of 2.

The final algorithm of face recognition created is as follows;

The OpenCV library has been used to take as input the real time camera view. The weight files
of FaceRecog-Net and the haar cascade classifier algorithm have been used together. The label
informations have been dictated. The input camera view frame has been normalized and resized to
224x224 pixels. The reason for the resizing is that the input images have been used in CNN
architecture designs are 224x224 pixels. Bounding boxes have been created and their color is set to
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green, while the label information set to white. As a result, it has been determined belongs to which
personnel the face in the real time camera view, and the obtained real time results are shown in Figure
6. In this stage, the camera has been time breaked for 10 seconds after the first detection of the
personnel, so that the same entrance or leaving time information belonging to the personnel has not
been sent more than once, as the camera received continuous view. Then, the entrance and leaving
time of personnel and the information about which personnel entered and exited have been
transferred to the Firebase Real Time Database. Finally, an Android based mobile application has been
developed to facilitate the personnel control and tracking process.

personnel 1

Figure 6. Real time face recognition result.

The layout details and algorithm of Android based app are as follows;

CardView has been used for denote personnels, and is shown in Figure 7 (a). ScrollView has
been used to adapt this layout to different phone screen sizes. If any of these CardView are clicked,
the layout shown in Figure 7 (b) is passed. This layout includes two buttons, such as entrance and
leaving time. If either of these two buttons is clicked, the layouts shown in Figure 7 (c) and Figure 7
(d) are passed. In these layouts, RecyclerView have been used together with CardView. For in this
layout, the CardView has been designed as an adapter in a different xml file. These Cardviews include
two TextViews for obtaining personnel and time information from the database. Finally, personnel
and time information have been transferred to these TextViews using database query methods.
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Figure 7. User interface of the mobile application developed as are shown in the (a), (b), (c),
and (d) for personnel control and tracking system.

5. Conclusion

In this paper, an end-to-end real time personnel control and tracking system has been
developed. The system has been developed using CNN, haar cascade classifier algorithm, Firebase
Real Time Database, and Android based technologies. For this reason, four different state-of-the-art
CNN architecture designs have been proposed. The highest predictive performance with accuracy of
95.27% and F1-score of 95.08% has been achieved by FaceRecog-Net. The obtained results using
FaceRecog-Net and haar cascade classifier algorithm, such as entrance/leaving time and personnel
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information have been transferred to Firebase Real Time Database. The informations in Firebase Real
Time Database can be controlled and tracked in the developed android based mobile app. As a result,
Real-time personnel control and tracking system with high reliability, fast and suitable for health
conditions has been developed in this study.
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1. Introduction

The body tissues and organs contain a mixture of cells and non-cellular components, which
regulates the cellular functions. The well-organized networks that provides the essential biochemical,
biomechanical and physical environment required for tissue morphogenesis, differentiation,
homeostasis and cellular components is called extracellular matrix (ECM) (Frantz et al., 2010;
Kusindarta & Wihadmadyatami, 2018). ECM has a complex and dynamic structure, comptise various
proteins and polysaccharides secreted by some cells in a multicellular organism, filling between cells
and functioning as binding agents that hold cells in a defined area (Sen, 2012; Uggiil et al., 2018; Uslu
& Dengizek Eltas, 2015; Wong, 2009). ECM consist of a large variety of matrix macromolecules
including collagens, elastin, fibronectin (FN), laminins, glycoproteins, proteoglycans (PGs), and
glycosaminoglycans (GAGs) whoe composition and specific structure vary from tissue to tissue
(Theocharis et al., 2016). The main role of ECM is to maintain the integrity and strength of organs,
and tissues with specific mechanical and biochemical properties. Additionally, it acts as a primary
barrier to prevent the spread of the tumor cells because is a major component of the cellular
microenvironment (Jabloaska-Trypu¢ et al., 2016). The ECM was initially considered an inert scaffold
whose main role is provide mechanical strength to the tissue and organs but nowadays it is accepted
as a three-dimensional structure that facilitates the survival of cells by playing an active role in
regulating biologic processes, this macromolecules, providing physical protection and signals, directing
and facilitating cell behaviours such as proliferation, orientation, gene expression, migration and
differentiation (Jarveldinen et al., 2009; Onofr1, 2016). The most abundant substance in ECM is
collagen, which is the main component of skin and bone, and it makes up approximately 30% of the
total mammalian protein mass (Onofri, 2016; Pereira et al., 2011). Collagen; It is a protein composed
of fibrous and non-fibrous proteins synthesized by connective tissue cells such as fibroblasts,
chondroblasts, osteoblasts and odontoblasts, and secreted into the ECM through exocytosis (Pereira
et al., 2011). Collagen is responsible for the tensile strength in cells, the regulation of cell adhesion and
the management of tissue growth (Onofri, 2016; Rozario & Desimone, 2009). Another important
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ECM protein, elastin, is an extracellular matrix (ECM) protein that provides flexibility and elasticity
to tissues and organs. Elastin is roughly 1000 times more flexible than collagen; Therefore, the main
function of elastin is the elasticity of tissues. It is the predominant protein in expandable tissues and
is found mainly in the lungs, aorta, and skin (Kristensen & Karsdal, 2010).

ECM is distinctly modified in tissue pathologies including atherosclerosis, autoimmune and
inflaimmatory diseases, and cancer. Healthy microenvironment of cells prevents the cancerous
outgrowth of epithelial cells, whereas perturbation of homeostasis enables the initiation and
progression of malignancy as well as the emergence of resistance (Theocharis et al., 2016). The
degradation of ECM involves different types of matrix metalloproteases (MMPs) called matrixins such
as collagenase, elastase, gelatinase and hyaluronidase. These enzymes have very important roles
regulation and dysregulation, and MMPs play a role in the development, morphogenesis, tissue
remodeling, and repair. However, irregularities in physiological conditions in the cell
microenvironment raises its dysregulation, and degradation of ECM involved with different types
proteases is among the causations of various diseases including cancer, theumatoid arthritis, chronic
ulcers, and fibrosis (Jablonska-Trypuc et al., 2016).

Collagen and elastin as an extracellular component are necessary to the skin which play major
role for the plumpness, flexibility, integrity, and elasticity keeping skin youthful and healthy. However,
MMPs involved in degradation of ECM such as collagenase and elastase break down and damage
collagen and elastin, respectively (Jiratchayamaethasakul et al., 2020). Also, it is necessary to break
down the ECM components that are physical barriers to cell migration because it acts as a primary
barrier to prevent the growth of the tumor tissue and the spread unhealthy cells. Malignant tumors
use MMPs to overcome this barrier, which cause degradation of ECM and basement membrane
components to invade the surrounding tissue (Itoh & Nagase, 2002; Oncel, 2009; Roy et al., 2009).

The chemical and natural molecules can decrease the degradation of ECM by inhibiting MMPs such
as collagenase, elastase and gelatinase. Inhibitors of MMPs can prevent breakdown of the ECM and
they can be useful in preventing degradation of ECM. Although extensive research has been
conducted on enzyme inhibition related to various diseases, new candidate molecules are still needed
due to side effects, low efficacy, and limited number of present inhibitors (Genc et al., 2020).
Coordination complexes have been used in medicine for their therapeutic properties (Korkmaz et al.,
2014, 2017). In the present study, it was aimed to evaluate the inhibitory effect of dicyanidogylene
(DSG) complex against collagenase and elastase activities. The complex was previously synthesized
for biological applications, but inhibition potency for collagenase and elastase was studied first time
with current study.

2. METHOD
2.1 Collagenase inhibition assay
The inhibitory effect of [Ni(edbea)Ag;(CN)s] (DSG) on collagenase (MMP-8) was determined
by reading spectrophotometrically at 340 nm. For the measurement of collagenase (ChC) enzyme
activity, 20 ul. ChC from C. histolycum prepared in tricine buffer (50 mM, pH = 7.5) and 25 pL. of test
compound was added to each well. The plate left for incubation at 25°C for 15 min. Then 0.8 mM
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substrate solution (FALGPA) was added to reaction medium and absorbance was measured in 5
minutes by using a microplate reader (Multiskan GO, Thermo Scientific, Ezgi Ersoy, 2019; Ozbilgin,
2015; Thring et al., 2009).

2.2 Elastase inhibition assay
The inhibitory potency of the compound on elastase activity was evaluated according to the
method previously described with some modifications (Ezgi Ersoy, 2019; Ozbilgin, 2015; Siintar,
2011; Thring et al., 2009). The reaction mixture was created by adding 0.2 mM (pH = 8.0) 70 L. Tris-
HCl buffer, 10 pL elastase and 10 pL of test compound. The plate was incubated at 25 ° C for 20 min.
then 4.4 mM STANA (N-succinyl-Ala-Ala-Ala-Val-pnitroanilide substrate) was added to each well,
and the increasing change in absorbance was read for 5 min.

The ICs value of enzymes was calculated using the equation obtained from the linear cut of
the curve drawn by entering the substance concentration and % activity data. Collagenase and Elastase
enzyme activities were calculated using the following equation (€= 0.53 and 8.8 for collagenase and
elastase, respectively, df = dilution factor).

Unite/ml enzyme = ([AAs40/410/min test - AAsqo/410/min blank] * Total volume*df) / (€ * enzyme volume)
3. RESULTS AND DISCUSSION
In this study, the inhibition effects of novel compound ([Ni(edbea)Ag3(CN)s]) on the activity of

elastase and collagenase were investigated. 1Cso and Ki values of the complex for collagenase and
elastase enzyme are shown in the Table [1] below.

Table 1. Enzyme inhibition results of [Ni(edbea)Ag;(CN)s| against to collagenase and elastase
ICs (uM) Ki (uM)
Compounds
Collagenase r2 Elastase r2 Collagenase Elastase
DSA 10.66 uM 0.991 49.5 uM 0.9872 16.73+1.07 uM | 42.81 +9.62 uM

As a result of spectrophotometric measurements of [Ni(edbea) Ags(CN)s], it was exhibited that
the compound has inhibitory potency on collagenase and elastase activity on collagenase compared to
the control group. I1Csy values of the DSG were calculated as 10.66 pM and 49.5 uM collagenase and
elastase, respectively. Inhibition constant (Ki) of DSG for both enzymes was obtained from drawn
Lineweaver Burk (LB) plots. The Ki values of the compound for collagenase and elastase enzymes
were calculated as 16.73 * 1.07 uM and 42.81 £ 9.62 uM, respectively. According to present results,
it is understood that these chemical compounds are effective on the mentioned enzymes at
micromolar level and LB graphs for collagenase and elastase were shown below in Fig. 1 and Fig. 2.
In addition, inhibition type of the compound was competitive against to collagenase, but it exhibited
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noncompetitive inhibition against to elastase. According to the results of the work, it has been seen
that the inhibitory property of the [Ni(edbea)Ags;(CN)s| is higher on the collagenase enzyme activity
compared to the elastase enzyme activity.
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Figure 1. Effect of the [Ni(edbea)Ag;(CN)s| on collagenase (MMP-8) activity
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Figure 2. Effect of the [Ni(edbea)Ag;(CN)s| on elastase enzyme activity

The results indicate that coordination polymers containing dicyanidogylene have inhibition
effects and the work is one of the first report on inhibition of the collagenase and elastase.
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Coordination complexes have remarkable therapeutic properties due to their biological activities.
Their pharmacological properties involved in biochemical reactions, which are important reactions
for human quality of life (Kisa et al., 2020). Previously studies have reported that chemical and plant-
based compounds inhibit enzymes (Bahadir Acikara et al., 2019; Korkmaz et al., 2021; Lee et al., 2020).
Geng et al. recorded that constituents of Plantago major subsp. major L. exhibited the inhibition against
collagenase enzyme (Genc et al., 2020). The another study related with halophyte plants reported that
the extracts of Salicornia europaea and Rosa rugosa showed the highest anti-elastase and anti-collagenase
effect, respectively (Jiratchayamaethasakul et al., 2020).

According to the obtained results of present work, DSG have anti-collagenase and anti-elastase
activity, suggesting that this compound could be used for the prevent breakdown of the ECM to
support the struggle against various diseases such as including cancer, rheumatoid arthritis, and
fibrosis. Various therapeutic interventions and medical approaches can affect different processes
involved in the progression of disease processes related with MMPs (Boran et al., 2018). The inhibition
of these enzymes leading to degradation of ECM can provide to prevent the unhealthy cells from
spreading to other medium. The disorders in collagen and elastin metabolism and degradation are
important in the course of osteoarthritis, osteoporosis, and oncogenesis. Extensive knowledge of the
properties of different enzymes that participate in ECM degradation is very important due to their
possible therapeutic use (Jablonska-Trypuc et al., 2016). The results offered an acceptable inhibitory
effect of both ECM-deteriorated enzymes and presumably recommended that DSG may contribute
an effective anti-degradation compound by interrupting the activity of collagenase and elastase.
According to the obtained results, this study is an important pre-screening for new and effective
inhibitor trials. In the future, the inhibitory effect of the molecule on ECM-degrading enzymes can be
investigated in cell cultures and animal experiments for beneficial effects and the result may lead to
designing potent new inhibitors.
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Convergence vs. Phylogeny: Micro-Structures on Lizard Scales

Melodi Yenmis'

Introduction

Skin is the envelope of the body having various and vital functions. It prevents mechanical
lacerations, microbial diseases, and chemical influences as well as help to regulate body temperature,
movements, water and mineral balance, waste elimination and oxygen intake. It has accessory
structures like sensory organs, glands of different kinds and coloring elements which help to interact
with and react to the surrounding environment since it is the continuous line of action in immediate

contact with the outer world.

Figure 1. A general SEM (Scanning Electron Microscope) image of the lizard skin with imbricated scales that
forms semi-tubular interscalar channels in between (artificially colored).

There are special features on reptile integument like micro-structures that are thought to play
an important role for some behavioral aspects. Specifically, lizards have honeycomb like micro-
structures on their scale surfaces which were tried to be associated with “rain-harvesting behavior”.
Here we wish to argue whether these features arise depending on phylogenetic relations or a totally
opposite phenomenon, convergent evolution. Firstly, some notions need to be clarified including (1)
integument structure of a reptile, (2) results of having a scaly skin with imbricate positioning, (3) special
importance of the Oberhautchen layer, (4) variety of micro-structures on reptile scales and (5) rain-
harvesting behavior.

7 Melodi Yenmis, Research Assistant, Ege University, Biology Department, melodi.yenmis@ege.edu.tr
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Integument structure of a reptile

The skin is composed of two main layers: the ectodermal, superficial epidermis and the
mesodermal dermis beneath. These two layers are in close relation but have distinct structural features.
The epidermis is epithelial and thin in nature while the dermis is fibrous and thick. The epidermis
consists of live cells of stratum germinativum and dead keratinized cells on top, stratum cornenm. The outer
keratinized cells tend to be lost during daily activities due to friction or injuries. Yet they are constantly
renewed by the cells coming from the deep germinative layer. These cornified layers create special
features like warts of toads, scales of reptiles, claws of birds and nails, horns, and hornlike structures
of mammals. Scales are surrounded by the epidermis and padded with the dermis. The epidermis is
composed of four layers: (1) the outermost Oberhautchen and (2) the protein rich beta (3)-layer, (both
containing -keratins), (3) the lipid rich mesos (u)-layer and (4) the inner alpha (x)-layer. The epidermis
is shed regularly: The layers of the epidermis is doubled to form an outer generation. This part consists
of the same layers as the inner generation but with an extra layer, clear layer specific to shedding.
These two generations start to separate right from the middle level which is called the shedding plane.
After that the outer generation is lost and the inner epidermal generation goes into a resting petiod.
The fibrous dermis consists of two layers: loose stratum laxum and dense stratum compactum. Dermis
may contain mucous and/or serous glands, special chromatophores like melanophores, iridophores
and xantophores, feather follicles or hair roots depending on the taxon.

Having a Scaly Skin

The integument of the reptiles is specialized to be the barrier for water loss with the pressure
of terrestrial life driven by the evolutionary path. Additionally, the scaly structure brought a new
dimension to protection and enhancing movement tasks. They cover the whole body of the reptiles,
yet their size, shape, and relative positions vary. As an example, they are bigger on the dorsal head
than the other body parts. They can be carinated in some lizard and snake families and they are
imbricated in most of the species. However, some have non-imbricated scales separated with gaps

from all quarters, as in Lacertidae members (Figure 2).
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Figure 2. Two different scale positioning in lizards (artificially colored). A. Imbricated scales in the members
of family Agamidae (Caucasian Agama, Paralandakia cancasica). B. Non-imbricated, separated scales in some

members of family Lacertidae (Strauch's Racerunnet, Eremias stranchi).

Imbricate positioning of the scales is a common feature among lizards. The tip of one scale
lays on the base of the adjacent scale. This pattern is the key to semi-tubular interscalar channels: the
gaps between the bases of the scales are covered with the tips. Therefore, channels are formed in both
longitudinal and latitudinal directions of the skin. This feature is not just a variety; it was realized to
be important for a special behavior called the rain-harvesting behavior. We will come to that after
explaining another integumental feature also involved in this behavior which is the Oberhautchen
layer.

The Oberhautchen and the Micro-ornamentations

The Oberhautchen compose of a particular B-cells type and with the B-layer, they are qualified
as an unique layer in the mature epidermis. The Oberhautchen is very thin in nature, it is the thinnest
layer of the skin and it has micro-ornamentations -also called microdermatoglyphics- covering the
surface in many reptiles. The morphology and the functions of these micro-ornamentations is variable
among taxa. For example, in snakes there are triangular 3-keratin accumulations and micro-pores. The
B-keratin accumulations form an elevated line on the scales. Their pointed tips are positioned in
parallel with the scale tips. They are known to decrease the friction between the skin and the substrate
during reptational movements of the snake. 3-keratin accumulates in multifarious shapes to form
those elevated lines. In 1982 Price categorized them in major and submajor types some of which are
cristate, echinate, verrucate, lophate, papillate, reticulate, canaliculate, foveate and plicate.

Micro-pores can be various even within one individual. This difference is caused by the
location of the pores: the size and shape difference depend on whether they are placed on scale surface,

between the elevated B-keratin triangles or on the epidermal folds of the scale hinges.
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Figure 3. Different positioning of honeycomb like micro-ornamentations in Agamids (artificially colored). A.

At the center of the scale. B. Covering whole scale surface.
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In lizards that have micro-ornamentations, the 3-keratins form a quite different shape than in
snakes. There are honeycomb like structures on the Oberhautchen layer.. These adjacent hexagonal
shapes either cover all the scale surface or some parts of it: sometimes the tip, sometimes the central
or close parts (Figure 3).

Their edges are slightly elevated. These honeycomb like micro-ornamentations have smaller
hexagonal structures within them, i.e. they are nested: bigger hexagons are filled with small ones that
have elevated edges as well. Big ones are 10 pum in diameter on average while the small ones are 0.5

um and they look like small pits because of the elevated edges and deep-set center (Figure 4).
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Figure 4. Small hexagonal micro-ornamentations within big ones covering the scale surface in Agamids from
Anatolia. Elevated edges, pointy corners and deep-set center make them look like small pits (artificially colored).
A. From rain-harvesting Agamidae member, Horvat’s toadhead agama, Phrynocephalus horvathi. B. From non

rain-harvesting Agamidae member, Caucasian Agama, Paralaudakia cancasica.

Since they exist on the Oberhautchen layer, it is possible to see them around the skin sense
organs. Sense organs in the skin are a distinctive feature of squamate integument. Their structure
projects the typical upended differentiation of the epidermis. Even though the bigger hexagons do
not exist around them due to the morphological changes caused by dimpling, smaller honeycomb like
micro-ornamentations cover the walls of these dimples (Figure 5).

asieens i AR N i 4 C
Figure 5. Skin sense organ of an Agamid and the micro-structures around (artificially colored). A. Skin sense
organ (white arrow) on top of a scale. Big hexagonal ornamentations cover the scale surface some of which are
marked with white contour for a better view. B. From a closer look: smaller hexagons (pink arrows) can be
seen at the periphery of the sense organ. C. Magnified image of the white box in B shows the smaller hexagons
(pink arrows).
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These special micro-structures are thought to enhance the water uptake during rain-harvesting
behavior.

“Rain-harvesting” as a Special Water Taking Behavior

Rain-harvesting (rain-drinking, moisture-harvesting) behavior is an adaptation for water
uptake. It is different from “drinking” behavior as we know it. This behavior was first discovered by
Boxton in 1923 on an Australian Agamid, Thorny Devil (Moloch horridus). He first discovered the
peculiar body posture: Elevated tail base, head lowered to the ground. After research Boxton said:

a repulsive animal that bears tubercles and circles has the ability to absorb water through its skin after
raining

After that, the skin of Moloch was likened to a blotting paper. It was observed that the water
droplets could be seen on the skin for nearly five minutes and after that jaw movements start. This is
called “rain-harvesting posture”. Some reptiles that distribute in arid or semi-arid habitats have this
special adaptation. There is no or little waterbodies around to go and drink from. Therefore, every
droplet is vital. Main water source is the rare rains. After raining, water goes down from the dune
substrate or it evaporates so fast. This harsh environment necessitates a special way to survive from
drought. The way would have been drinking directly the pouring rain drops. However, the position
of the mouth and being unable to lift the head up due to the shape of a tetrapod’s vertebral column
made it impossible.

Against all these disadvantages, some lizards have one feature that made a new way of water
taking possible: Imbricated scales enable the semi-tubular interscalar channels laying in between to be
connected to each other like a water supply network of a city. Raindrops hit the dorsal skin and
instead of elpasing, they fill these channels. To collect the water, all the animal needs to do is changing
its position: lowering the head, lifting the tail base, and let the water flow down to head with the help
of the gravity. When water comes to the edge of the mouth, jaw movements start and the animal

drinks rainwater that came from all over the body.
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Flgure 6. A rain harvester Agam1d lizard, Pbgwocep/m/m /yomzz‘/yz frorn Anatolia. A. Normal posture durmg an

intermission of nest building. B. Rain-harvesting posture with elevated back, lowered head and jaw movements.
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Table 1. Rain-harvesting and two non rain-harvesting lizards that have honeycomb like micro-ornamentations.

Rain-harvesting Lizards
Family Species Location Habitat Reference
North East Africa, North . .
Trapelus orth bast rm%, ,Ort Open arid areas, semi- Vesely and Modry,
o of Red Sea (Djibuti,
mutabilis deserts, dry grasslands 2002
Egypt, Israel)
Stabl d 1y
Trapelus Arabian Peninsula (Oman, able Sa? > BTAVERy Vesely and Modry,
. . . surfaces with bushes or
flavimacnatus Saudi Arabia, Yemen) 2002
schrubs
North East Africa, North
Trapelus orth Tas r1c?, o Open arid areas, semi- Vesely and Modtry,
. of Red Sea (Djibuti,
pallidus deserts, dry grasslands 2002
Egypt, Israel)
e.g., Buxton, 1923;
Withers, 1993;
8 Arid, semi-arid areas, sand HEErs,
g ) ) . Shetrbrooke, 1993;
g Moloch horridus Australia and spinifex deserts,
I Sherbrooke et al.,
%o schrublands
2007; Comanns et al.,
2016
Iran, Kazakhstan, Clzl.y and stony desert,
Phrynocephalus . . semi-desert areas, desert Schwenk and Greene,
helioscopus Mongolia, Russia, steppe with short 1987
Turkmenistan, Uzbekistan PP .
vegetation
P
b@nocq.b/m/m Arabian Peninsula, Iran Shrubland, Desert Comanns et al. 2011
arabicus
Semi-desert with
Phrynocaphalus Turkey, emi es§r with sparse .
. . . vegetation, weakly- Yenmis et al., 2016
horvathi Armenia, Azerbaijan . .
stabilized sandy soils
Sherbrooke, 1990;
9 Phrynosoma North east Mexico, South | Open arid areas, semi-arid Sherbrooke, 2004:
< ) CUSA 4 erbrooke, ;
g cormuin cas eserts Sherbrooke et al., 2007
% Phrynosoma North east Mexico, South | Open arid areas, semi-arid Sherbrooke, 2002
=4 modestum east USA deserts
E P/?g/nos.owa Southwest USA, North Open arid areas, semi-arid Peterson, 1998
platyrbinos east Mexico deserts
Non Rain-harvesting lizards with honeycomb like micro-ornamentations
East Europe, Asia minot, Shrubland, Grassland,
Stellagama . . . . .
i Northeast Africa, Arabian Rocky areas, arid, semi- Yenmis et al., 2016
stellio . .
Peninsula arid areas
_§ Afghanistan; Armenia;
g Azerbaijan; Georgia; Iran,
éo Pam/ﬂﬂd'méz'g Isla@ic Republi'c of; Forest, ’Shrubla'nd,v Rocky Yenmis et al,, 2016
cauncasica Pakistan; Russian areas, arid, semi-arid areas
Federation; Tajikistan;
Turkey; Turkmenistan
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Convergence in Rain Harvesters: How are they related?

Rain-harvesting lizards belong to two families: Phrynosomatidae and Agamidae. Their
distribution is quite multifarious all around the world (Table 1, Figure 7). What they have in common
are:

¢ Habitats: Desert, semi-desert areas with restricted water sources and very few, xetic
vegetation like bushes, shrubs, spinifex etc.

%+ Scale positions: They all have imbricated scales letting semi-tubular interscalar channels
to form as a water carrying network.

% Posture: They share a rain-harvesting posture with some little variations. In most, it is as
head bowing and tail lifting. In some, as in Thorny Devil, Moloch horridus, the forelimbs are
stretched, the head goes up and hindlimbs are lowered towards the ground. This posture is
a result of water taking from the ground instead of pouring rain. Moloch can take the liquid
from a pond through the channels by means of adhesion and cohesion forces.

“* Micro-ornamentations: They all have honeycomb like hexagonal micro-structures on
their skin even though their number, size, and position vary.

Figure 7. Distribution and general looks of rain-harvesting Agamid and Phrynosomatid lizards around the

wortld. (P. horvathi image belongs to M. Yenmis. For the rest, please see the references.)
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Convergent evolution is the change of similar or analogous features in numerous structures.
This means that some features do not have to share a homology -or ancestor-. As in the case of
micro-structures, the similarity may be based on the phenotype, i.e., the lineages cast in an explicit
trait, but their genotype would be different. Therefore, convergent evolution is based on similarity:
ecological niches and selective pressures would be similar; so the adaptations would occur in similar
ways as a response. The arising traits would be the opposite of homologous structures.

This seems to be the case in rain-harvesting behavior: Similar problems can be solved with
similar solutions; here the problem is drinking water in an arid environment and the solution is to use
the channel network in the skin for collecting rain drops. Yet, it is a bit more complicated when it
comes to the micro-ornamentations. At first glance, they seem to be another feature that rain
harvesters share; so, they must have an effect on the behavior itself. Some studies tried to explain this
effect by measuring the water droplet angle on a smooth surface and compared it with a scale that
carry micro-structures. They found that these ornamentations can help the droplet to adhere efficiently
to the surface. These results basically show that micro-ornamentations must have evolved
convergently in rain-harvesting species. However, that was not entirely true.

Phylogenetic Relationship in Skin morphology

" A\ ‘ R C % /,,7"

Figure 8. Scale structure of non rain-harvesting Agamid lizard, Hardun, Ste/lagama stellio (artificially colored).

A. Imbricated scales have both bigger and smaller hexagonal micro-ornamentations nested. B. Closer look to

one big hexagon and smaller ones within.

Imbricated scales are the effective component for interscalar channels. All the harvesters must
have them. However, having these networks does not necessarily mean to show rain-harvesting
behavior as the channels are a natural result of the scale positioning and there are many species with
imbricated scales which do not harvest rain. Likewise, some non rain- harvesting lizards have micro-
ornamentations on their scale surfaces. This phenomenon throws convergent evolution into question:
As an instance, all the members of Phrynosomatidae family have micro-ornamentations but only three

40



Yenmis, Melodi; Convergence vs. Phylogeny: Micro-Structures on Lizard Scales

of them harvest rain. Anatolian Agamids are another example: There are four Agamids distributed in
Anatolia but only Phrynocephalus horvathi is a rain-harvester. Yet, all the species have interscalar channels
as a family trait and micro-ornamentations (Table 1) on their scales (Figure 8).

Conclusion

Figure 8. SEM of the epidermis of an Agamid lizard (artificially colored). One of the many honeycomb

like micro-ornamentation is shown in white contour and nested smaller structures brought out in the
schematic hexagone.

Hexagonal honeycomb like micro-structures on lizard scales are not a common feature and
yet it is a family feature in some which has imbricated scales as in Phrynosomatidae and Agamidae
(Figure 8). These families are also the ones that include rain-harvesting species. However, members
of these families have micro-ornamentations independent of having this special behavior. This shows
that rain-harvesting behavior needs some preliminary morphological features in advance to emerge
and evolve convergently i.e., analogous features shared among species like the channels and the micro-
ornamentations.

This phenomenon provides data for the sustainability of the environment in the future by
giving insight into a climate dependent adaptation for survival. Anthropogenic factors like habitat
destruction, intensified agriculture and urbanization, mismanagement of the water sources etc. change
the environment faster than we foresee. What is more, due to the climate chance, desertification
fastens at some parts of the world. In this changing, disrupted, and withering environment, lizards
with imbricated scales and micro-ornamentations would have the advantage as they have all the
abilities for rain-harvesting to adapt.
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References of Photos in Figure 7

Moloch horridus
://inhabitat.com/the-biomimicry-manual-what-can-a-thorny-devil-teach-us-about-water-

harvesting/thorny-devil

Phrynocephalus arabicus

https://www.naturalista.mx/check lists/43336-Thumrait-Check-List

Phrynocephalus helioscopus

http://iranreptiles.blog.ir/1399/03

Phrynosoma cornutum

http:/ /www.californiaherps.com/noncal/southwest/swlizards/pages/p.cornutum.html
Phrynosoma modestum
https://www.inaturalist.org/taxa/36306-Phrynosoma-modestum/browse photos
Phrynosoma modestum
https://www.naturalista.mx/taxa/36306-Phrynosoma-modestum/browse photos
Phrynosoma platyrhinos
https://reptile-database.reptarium.cz/species?genus=Phrynosoma&species=platyrhinos
Trapelus flavimaculatus

https://en.wikipedia.org/wiki/Yellow-spotted agama

Trapelus flavimaculatus

https:/ /en.wikipedia.org/wiki/Yellow-spotted_agama

Trapelus mutabilis

https:/ /sv.wikipedia.org/wiki/Trapelus_mutabilis
World Map

https:/ /www.fonewalls.com/2880x2560-wallpapers/2880x2560-background-hd-wallpaper-265/
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The proliferative and antioxidant effects of aqueous extracts from the edible
mushroom Pleurotus ostreatus on healthy cells

Salim Cerig’

Introduction

The value of reactive oxygen species (ROS) and free radicals in the ageing process and cellular
damage has attracted much attention in the last quarter-century (Liochev 2013). ROS containing
superoxide anion (O2), hydrogen peroxide (H>O), and hydroxyl radical (OH) are often by-products
of exogenous agents or biological reactions (Khachatryan ez a/, 2011). Oxidative breakage originated
by free radicals may be associated with ageing and disorders, such as cancer, atherosclerosis and
theumatoid arthritis (Phaniendra e¢# @/, 2015). Additionally, these free radicals induce lipid
peroxidation, prompting the corruption of foods, induce oxidation of DNA and lipids, produce
membrane injury, reduce membrane mobility, and reason alterations that lie behind cancer via DNA
mutation (Halliwell 1994). Even though other organisms and humans have antioxidant defence
mechanisms that preserve them against oxidative damage, such mechanisms are declared only partially
to intercept such injury (Simic 1998). Legislative rules limit the frequently used synthetic antioxidants
like butylated hydroxytoluene and butylated hydroxyanisole because they are suspected of having some
toxic impacts and potential carcinogens (Wang and Kannan 2019; Felter ez a/.,, 2021). Such advances
in synthetic antioxidants as dietary supplements to protect from oxidative damage and contribute to
human body components are worrisome. Therefore, it has become even more essential to obtain
compounds from natural sources with antioxidant potential. Phenolic matters involving phenolic acids
and flavonoids have antioxidant activity (Proestos e al, 2006). Phenolic compounds have diverse
biological impacts on enzymatic activity, metal chelation, and free radical scavenging (Mustafa ez a/,
2010; Zhang and Tsao 2016). Phenolic substances have excited much consideration in current times
owing to their role in preventing many diseases (Rodriguez-Morat6 ez al., 2015). Mushrooms are very
effective in scavenging peroxy radicals because they contain many phenols (Barros ez al, 2007).
Flavonoids have influential antioxidant qualities (Borges Bubols ¢z 4/, 2013). The presence of
flavonoids in fungi may be due to their absorption of various nutrients and compounds by forming
mycorrhizae or spreading hyphae from neighbouring plants or substrates where they grow (Grotewold
2000). Flavonoids are frequently found in plants and, presently, edible mushrooms appear to be good
candidates as a potential source (Garicochea 2012).

Mushrooms constitute a complementary part of the average human regime, as they are high
in minerals, vegetable proteins and vitamins, and low in calorie, fat, and essential fatty acid (Rai 7 a/,
2005). Onwards ancient times, many mushrooms have been used in public health and medicine around
the world. Numerous medicinal features have been attributed to mushrooms, including lowering of
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blood cholesterol doses (Jeong ez al, 2010), inhibition of platelet aggregation (Hyun e al, 2000),
stopping or mitigation of heart diseases (Guillamén e @/, 2010), and degradation of blood glucose
levels (Jeong et al., 2010). Many species, including edible mushrooms, have also shown the alleviation
or prevention of infections caused by parasitic, fungal, viral, and bacterial pathogens (Crum-Cianflone
2008). Simultaneously, many mushrooms have different anti-thrombotic, anti-tumour, antiallergic,
cytostatic,  antiatherogenic,  hypoglycemic ~ immunomodulating,  anti-inflammatory  and
hepatoprotective (Chaudhry 2019; Zugasti-Cruz ef al., 2020). Edible mushrooms are thoroughly using
as human food for ages. Furthermore, they are admired for their taste and texture and some
therapeutic properties (Valverde e¢# al, 2005). The genus Pleurotus are frequently called "oyster
mushrooms" and includes about forty species. These fungi are recently recognized as the second most
cultivated mushrooms worldwide and can be found in tropical and temperate regions (Sanchez 2010).
Opyster mushrooms are decent welding of dietary fiber and other valued nourishments. Pleurotus
species have been used by different human societies worldwide for their nutritional significance,
medicinal characteristics, and many other valuable impacts. They also include many biologically active
compounds with curative activities (Patel ez a/, 2012).

Pleurotus mushroom has high nutritional values and involves various bioactive compounds
and seconder metabolites, including alkaloids, phenols, flavonoids, terpenoids, nucleotides, lectins and
steroids (Jose and Radhamany 2012). This oyster mushroom, which is isolated in many ways from the
fruit bodies of the fungi, mycelium and the culture broth, has many remarkable biological effects
(Carrasco-Gonzalez et al., 2017). Due to all these ingredients and nutritional values, oyster mushrooms
have essential activities such as antimicrobial, antioxidant, hypoglycemic, antithrombotic, inhibit
inflaimmation and tumour growth, prevent atherosclerosis and high blood pressure, and lower blood
lipid concentrations in terms of human health (Sudha e a/, 2012; Abidin ez al., 2017). P. ostreatus is a
popular cultivated edible mushroom with medicinal characteristics. It is a traditional Chinese
therapeutic and edible fungus, a Tricholomataceae fungus belonging to the Basidiomycetes and is also
called "Pinggu" in China (Sanchez 2010). Its main components contain amino acid, polypeptide,
polysaccharides, lectin, and phenoloxidase. In addition to the Pleurotus genus' public benefits, this
species stands out with its immunoregulation, antioxidant, antitumor, and blood fat reduction
functions (Sun and Liu 2009).

Many investigations attest that regular consumption of mushrooms and bioactive constituents
derived from mushrooms is beneficial for wellness. Antioxidants located in various mushrooms used
as food sources stand out as possible protective agents to reduce oxidative damage in the human body.
For this reason, the usage of mushrooms as functional and supplemental foods and their possible
impacts on human health is growing more value day by day (Kozarski e# a/., 2015). Mycelia culture and
hot water extracts have multiple advantages to the production of bioactive compounds. This method
promotes the extraction and purification of compounds, developing mushrooms' commercial value.
This submerged liquid culture method developed for long years has interested entrepreneurs and
scientists (Elisashvili 2012). Its multiple benefits involve economical cost, quick preparation, rapid
colonization, the convenient utilization of automatic inoculation, and simplifying homogeneous
distribution in the substrate (Zhang e# al, 2019). Investigation of the proliferative activity and
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antioxidant capacity of hot water mycelium extracts of P. ostreatus on human blood plasma and
lymphocyte cells make an essential contribution to both the literature and human health. In this
research, extracts were primarily used to evaluate their total phenolic and flavonoid content. Next, 40,
80, 160, 240, and 320 mg/L doses were applied to whole blood cultures for 2 h and lymphocyte
cultures 24 and 48 h periods. At the end of the incubation periods, total antioxidant capacity (TAC)
and total oxidant status (TOS) assays were practised to circumsctibe the serum's antioxidant effects.
Additionally, proliferative effects on lymphocytes were evaluated using the in vitro WST-1 analysis.

MATERIAL AND METHODS
Culture and storage conditions

P. ostreatus strain was stored on potato dextrose agar (PDA), and malt extract agar (MEA) slants
at 4 °C. The microorganisms were subcultured at regular periods (15 days) to maintain viability.

Media preparation and fermentation conditions

P. ostreatus was primarily grown on PDA medium for 10 days at 25 °C. Submerged
fermentation was performed in 250 ml Erlenmeyer flasks, including 100 ml of liquid medium (MgSO4
0.5 g/L, KH,PO4 1 g/L, yeast extract 3 g/L, peptone 2 g/L and glucose 20 g/L). Each flask was
inoculated with five 5-mm agar plugs. The inoculated flasks remained on a shaker at 150 rpm and 25
°C. After 10 days of development, the mycelium was redeemed from the liquid medium by
centrifugation at 3,500 X g for 10 min. The acquired mycelia were washed 4 times with distilled water.
Cultured mycelia were then dried using an oven until stable mass (Ozdal ez a/., 2009).

Preparation of P. ostreatus extract

5 g dry and powdered micellar biomass was heated with 100 ml of deionized water for 30
minutes to achieve hot water extraction. The cooled solution was centrifuged at 5000 g-forces for 15
min and filtered through Whatman No. 1 filter paper. The filtered solution was allowed to evaporate
in the oven to obtain a dried extract (55 °C). The dried extract was used directly for total phenolic and
flavonoid analysis. Also, some of this extract was re-dissolved in water to a concentration of 100
mg/ml and stored at 4 © C for further studies.

Total phenolic and flavonoid contents
Total phenolic and flavonoid quantities of hot water extracts were evaluated using GAE
(Vamanu, 2012) and QE (Turkoglu 7 a/, 2007) as standards respectively.

TAC and TOS analysis

Heparinized whole blood examples were gathered voluntarily from six healthful male and
female people between 18 and 33 years old, none of whom was under any medication until at least
four weeks or was a smoker. Volunteers were notified concerning the local ethics committee rules.
Cultures were treated with 10 um L-ascorbic acid (C¢HsOg) and 25 um hydrogen peroxide (H.O») for
TAC and TOS analyzes, respectively, and were considered as positive controls. Conversely, cultures
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that have not been exposed to any agent were regarded as negative control groups. Subsequently,
cultures were exposed to varying doses of P. ostreatus extracts in doses of 40, 80, 160, 240, and 320
mg/L over a 2 h period for biochemical studies. For the 2 h incubation of the cultures, sterile
conditions were set at 5% CO,and 37 °C. Whole blood cultures were centrifuged for 10 min at 1500
X g to obtain serum and were run instantly. The tests were run three times separately, and preferences
were presented as means t standard deviation (Cerig 2021).

Oxidant status and antioxidant capacity values were obtained in blood serum samples taken
from the negative control, positive control, and whole blood cultures exposed to mushroom extract
for 2 h. Oxidative changes at the tissue and cellular level were identified by an automated test method,
and the Rel Assay Diagnostics kit was used to characterize the levels of the parameters. TAC values
were described as mmol Trolox equivalent/L (Erel 2004). TOS assay was calibrated with H>O,, and
the consequences were explained in terms of pm H»O, equivalent/L (Erel 2005). TAC and TOS
activity was evaluated spectrophotometrically by the manufacturer's instructions and with a Multiskan
GO (Thermo Fisher Scientific, Massachusetts, USA).

WST-1 assay

Blood patterns were taken, avoiding all the effects of nutrition agents stated in the previous
analysis and considering the fundamental ethical circumstances. The time between taking blood
samples and placing the cultures was set to be less than 3 h. Histopaque-1077 reagent (Sigma Aldrich,
Germany) was utilized to isolate lymphocyte cultures from whole blood (Thorsby and Bratlie 1970).
Initially, cells were seeded into 96-well plates (ThermoFisher, Massachusetts, USA) at a density of 2.5
X 10" cells per well. The plates were then incubated at 37 °C, 5% CO», and 95% humidified air for 24
h. After incubation, the cells were washed with PBS (pH: 7.4), followed by cultures were first exposed
to 10 pm mitomycin-c as the positive control group for WST-1 assay (Biovision, CA, USA).
Subsequently, cultures without any mushroom treatment were considered as the negative control
group. As a final and primary study, cell cultures were treated with P. ostreatus extracts in the range of
40-320 mg/L before 24 and 48 h incubation. The separated lymphocyte samples were taken in the
process for WST-1 assay (Biovision, CA, USA).

The in-vitro cell proliferation of lymphocytes was tested using a WST-1 assay (Ahmed e7 4/,
2015). Lymphocyte cells were cultured for the WST-1 test in 100 pL/well culture medium and
humidified incubation conditions (37 °C and 5% CO,). WST-1 reagent was added to the cultures at a
volume of 10 pL/well at 24th and 48th hours and incubated for 4 h. After washing the cells gently
with PBS (pH 7.4) at least three times, the WST-1 dye solution was added to each well. Plates were
incubated under dark conditions for one hour. Then the absorbance changes were measured at a
wavelength of 460 nm (620 nm was used as a reference wavelength) using a Multiskan GO plate
reader. Percentage values indicating cell viability were obtained by dividing the values of cells treated
with fungal extracts by the values of negative control group cells.

Statistical analysis
The negative control, positive control, and treated groups values were presented as the mean

(x SD values) from three tests. One-Way ANOVA and Fischet's least substantial differentiation tests
were applied to specified whether any treatment significantly altered from controls or each other
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(Fisher 1918). Statistical descriptions were made with a fundamental grade of 0.05. The statistical
computations were implemented using IBM SPSS Statistics 22 (Chicago, IL, US).

RESULTS
Antioxidant and oxidant activity of healthy whole blood cells

Serum TAC and TOS values of hot-water extracts from mycelium of the oyster mushroom P.
ostreatus at diverse concentration ranges are demonstrated in Figure 1 by comparing them with positive
and negative control sets. Serum TAC rates improved in all groups cured. Considerable increments in
TAC rates were sighted at doses of 80, 160, and 240 mg/L. Though there was a statistically slight
increase in antioxidant capacity was observed in 40 and 320 mg/L extract administrations compared
to the control group.

Serum TOS rates were determined to be significant reduced at doses, improving antioxidant
capacity in all groups treated with extracts (Figure 1). Significant reductions were sighted in TOS levels
at concentrations of 80, 160, and 240 mg/L, while no influential alteration in oxidative stress rates was
determined in the applications of 40 and 320 mg/L extracts compared to the control group.

Figure 1. TAC and TOS results in serum treated with P. ostreatus mycelia extracts
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TAC, total antioxidant capacity; TOS, total oxidant status; NEG, negative control (untreated samples);
POS, positive control (10 uM CsHsOg in TAC and 25 pM H>O; in TOS) and SD, standard deviation.
Values are mean + SD (n=0); means in the figure followed by different letters (a, b, ¢, d) present
considerable differences. * = p < 0.05 and ** = p < 0.01 compared with control groups.

Proliferation activity of healthy lymphocyte cells

The WST-1 assay was used to measure metabolic activity and cell proliferation in response to hot
water extracts of P. ostreatus on lymphocytes at exposure times of 24 and 48 hours and a dose range of
40-320 mg/L (Figure 2). No significant cytotoxicity caused by metabolic activity and proliferation was
observed after 24 and 48 hours of exposure with any dose of fungus administered compared to the
negative control.

Figure 2. WST-1 proliferation assay of lymphocytes treated with different concentrations (40-
320 mg/L) of P. ostreatus mycelial extracts at 24 and 48 h time periods.
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Mitomycin-c (10 um) and untreated cultures were included as the negative control (NEG) and positive
control (POS), respectively. * = p < 0.05 and ** = p < 0.01 compared with control groups; n = 6.

DISCUSSION

Multiform convenient compounds rich in operational matters are being formulated to heal
various illnesses combined with traditional prescriptions. Both mycelia and fruiting bodies of edible
mushrooms maintain active substances that affect the host’s immune regularity (Wasser 2014).
Accordingly, the modulation of the immune system by mushroom extracts or isolated ingredients may
emerge as essential maneuvering to battle some immunopathologies (Llauradé Maury ez al, 2021).
Medicinal and edible mushrooms provide composites without cytotoxicity, involving proteins and
polysaccharides, and realize a source for exploring novel organic drugs. Rich reserves exist in these
medicinal fungi that maintain multiple biological activities (Ngai and Ng 2003; Wang and Ng 2004). The
genus Pleurotus includes the fascinating edible fungi due to their affirmative healing and organoleptic
features, robust growth, and simple cultivation circumstances. It can be cultivated on the log and an
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extensive diversity of agroforestry weeds, wastes, and products to produce therapeutic composites, feed,
enzymes, food, or waste detoxification and degradation (Gregori ez al., 2007).

In this research, firstly, the total phenolic content of hot water extracts of P. ostreatus mycelium
was investigated, and it was estimated as 7.8 £ 0.22 mg GAE/g extract. Phenolic substances are the main
constituents of the mushroom extract, and especially species belonging to the Pleurotus genus have
different total phenolic contents ranging from ~ 2 to > 30 mg/g extract (Vietia ¢# al, 2013; Babu 7 al,
2014). Phenolic compounds in mushrooms have strong antioxidant capacities (Islam ez al, 2010).
Phenolic compounds stand out as potent chain-breaking antioxidants (Wang e# a/,, 2009), and they have
scavenging capacity due to the advantage offered by hydroxyl groups (Villafio e 4/, 2007). In addition,
these compounds found in dietary and medicinal plants have been reported to inhibit oxidative stress
with their antioxidant mechanisms (Zhang and Tsao 2016). In a study by Gasecka ez a/., total phenolic
content for P. ostreatus and Pleurotus eryngii species was determined as 9.64 £ 0.33 and 7.91 + 1.02 mg/g
extract, respectively. (Gasecka ef al., 2016). Pleurotus florida and Plenrotus eous's total phenolic content was
estimated as 3.125 mg GAE/g of dry extract and 2.725 mg GAE/g of dry extract (Mohamed Imran ez
al.,, 2011).

Secondly, in this research, the total flavonoid content of P. ostreatus mycelium hot water extracts
was investigated and estimated as 1.75 £ 0.1 mg QE/g extract. Another phenolic compound that occurs
naturally in plants is flavonoids. Flavonoids are also known to have powerful antioxidant properties
(Prochazkova et al, 2011). The total flavonoid ingredient in varied Pleurotus kind was discovered at the
level from 1.2 to 2.9 mg/g of the extract (Babu ¢ 4, 2014) even to 7.79 mg/g (Sudha ef al, 2012).
Flavonoids have been reported to scavenge active oxygen fragments (Cavia-Saiz e# al,, 2010) and inhibit
lipid peroxidation (Miura e al., 1998). Besides, flavonoids have been circumscribed to scavenge ROS
produced in cell-free systems (Cimanga ez a/, 2001). The total flavonoid content of Pleurotus florida and
Plenrotus eous was estimated as 4.4 mg QE/g and 3 mg QE/g, respectively (Mohamed Imran e al., 2011).
The total flavonoid content in P. ostreatus and Plenrotus eryngii was 2.11 £ 0.19 and 1.26 + 0.17 mg/g of
extract, respectively (Gasecka ez al, 2016). The comparative studies support this research in terms of both
phenolic and flavonoid content and its effect on the antioxidant capacity assessed in the third stage. The
correlation between the total phenolic ingredient and antioxidant efficiency in mushrooms was
determined (Puttaraju ez a/., 20006). In another study, high concentrations of flavonoids such as rutin (31.2
mg/100 g) and crisin (40 mg/100 @) were determined in Pleurotus ostreatus extract. It has been stated that
this flavonoid ratio contributes to the antioxidant properties of the extract.

In this research, thirdly, the biochemical effects of hot water extracts of P. ostreatus mycelium on
blood serum were evaluated using TAC and TOS analyses. The tension between the antioxidation and
oxidation processes is crucial to sustaining healthful natural systems (Bouayed and Bohn 2010). Some
natural compounds are candidates for antioxidants that trigger cytotoxic processes contingent on the
dose taken and exposure times (Sznarkowska ez a/, 2017). Most of the nutritionally valuable and
medicinally important fungi species may exhibit many adverse effects in vivo and in vitro, including
possible absorption impairment effects of the digestive system. The antioxidative effects of fungus
extracts may differ depending on the type of fungus, the experiment, and the dose used (Aprotosoaie ez
al., 2017). Mycelium extracts of P. ostreatus mushroom were utilized at a 40-320 mg/L concentration range
in this work. All doses applied enhanced the antioxidant potential of the blood serum to certain levels
and again produced effective decreases in oxidative stress grades. However, 80, 160, and 240 mg/L
extract treatments were more effective in increasing antioxidant capacity and reducing oxidative stress
than other 40 and 320 mg/L treatments. Different researches confirm this study's conclusions that the
P. ostreatus mycelium extracts have a crucial act in inhibiting oxidative stress. Raised ROS rates can defeat
the strength formed by the intracellular antioxidant protection mechanism, which induces harm at the
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cellular grade and may happen in death. Accordingly, the primary assessment of P. ostreatus concerning
oxidative destruction and antioxidant capability will present a foundation for measuring cell viability in
the subsequent experiments. Jose and Janardhanan reported that methanol extracts of Pleurotus florida
showed antioxidant and antitumor effects with intense lipid peroxidation inhibition activities and
hydroxyl radical scavenging segments (Jose and Janardhanan 2000). Lin described that P. ostreatus has
ferric ion reducing power. The same investigator determined that P. ostreatus showed antioxidant potential
in an in vivo model of experimentally influenced oxidative balance (Lin, 1999). Ethanolic extract of oyster
mushroom P. ostreatus has intense antioxidant action in vivo and in vitro conditions. The ethanolic extract
exhibits in vitro antioxidant activity by reducing power on ferric ions, inhibiting lipid peroxidation, and
scavenging superoxide and hydroxyl radicals (Jayakumar ez /, 2010). Yunxia Zhang ef al., determined that
the two polysaccharide fractions separated from the fruiting body of P. ostreatus showed more powerful
superoxide anion radical scavenging action in parallel with increasing concentration but less effective in
scavenging the hydroxyl radical (Zhang ez al.,, 2012).

In the fourth and final stage of this research, the proliferative effects of hot water extracts of P.
ostreatus mycelia on healthy lymphocytes were evaluated. The purpose of this analysis is to appraised these
mushrooms' possible to be beneficial nutritions concerning exposure petriod and dose for human curative
with the support of the cytotoxicity assays. The proliferative effects of extracts on lymphocytes were
determined by WST-1 assay. As a result of the application, it was determined that the treatment in the
40-320 mg/L concentration range did not give rise to any cytological detriment in lymphocyte cells and
did not have a statistically negative effect on cell viability compared to negative control groups. The
present study is the first to appraise the effects of hot water extracts of P. ostreatus mycelium on
lymphocytes. Many works assistance plenty of aspects, bearing the regions from which P. ostreatus fungi
are obtained, preparation techniques, different body parts, and different applied cultures and analyzes,
including their contents. In a study conducted by Choi ¢/ a/, cytotoxicity and vitality effects of hot water
extracts obtained from fruit body and mycelium of Pleurotus ferulae mushroom and ethanol extracts
obtained from fruit bodies in different concentrations on lung and cervical carcinoma cells were
investigated. They determined that hot water extract obtained from P. ferulae mycelium at a dose of 100
ug/mlL decreased cell viability in all cancer cultures. In addition, they determined that ethanol extracts
obtained from fruit bodies at a concentration of 40 pg/mL and above showed potent cytotoxicity on
cervical carcinoma cell lines (Choi ez a/, 2004). In another study, the immune-activating effect of aqueous
extracts produced from P. ostreatus mycelium on macrophage functions was investigated. The researchers
noted that 100 and 500 pg/mlL dose treatments did not show cytotoxicity in murine macrophages, and
the extracts significantly increased in vitro phagocytic ability (Llauradé Maury ef al, 2021). A study
investigating the anticancer efficiency of the water-soluble extract of P. ostreatus against human prostate
cancer cells determined that these extracts had a cytotoxic effect and induced apoptosis dose-related way
(Gu and Sivam 2000). Lavi e al., explained in their study that an aqueous polysaccharide extract from the
edible fungus P. ostreatus stimulates pro-apoptotic effects and anti-proliferative impacts on colon cancer
cell cultures (Lavi e al., 2006). Another study stated that hot water extract of P. ostreatus subdued the
increase of human breast cancer cells (Martin and Brophy 2010). Gu and Sivam investigated the
anticancer action of P. ostreatus against human prostate cancer cells in their study. They applied a water-
soluble extract prepared from fresh P. ostreatus to the cells at concentrations of 150 and 200 pg/ml. and
found that it exerted significant cytotoxic effects and prompted apoptosis in prostate cancer cells in a
dose-dependent manner. In addition, they stated that 60 and 120 ng/mL doses significantly decreased
the tumor colony formation efficiency (Gu and Sivam 2000).

CONCLUSION
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The oyster mushroom P. ostreatus is an edible mushroom that is widely grown, contains a high
nutritional value, and has a solid potential to prevent and cure diseases. In this research, the impacts of
hot water mycelium extracts of P. ostreatus on human health were evaluated, proliferative and antioxidative
effects on whole blood and lymphocyte cultures. In order to fully explore the potential and effects of this
fungus species, which has come a long way with different in vivo and in vitro works, clinical studies are
required, especially in 80, 160, and 240 mg/L doses, the practical effects of extract applications in
increasing antioxidant power, reducing oxidative stress and on vitality. This oyster mushroom, which will
be obtained using different methods and body parts, can be an excellent supplementary food candidate
in increasing body resistance against diseases, drug development processes, and improving nutritious
diets.
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Introduction

Flora of Turkey includes about 12.000 plant taxa, of which approximately 3.700, are endemic
to Turkey. Therefore, Anatolia is one of the richest areas of the temperate zone in terms of floristic
diversity and endemism. One of the reasons for its floristic richness is edaphic diversity. The high rate
of endemism in serpentine, gypsiferous and salty soils in our country shows the contribution of
edaphic diversity to plant diversity.

Serpentine rocks are named after the word serpentinus, which means serpent in Latin,
because of their olive green color, mottled and scaly appearance. They were also called "ophiolite"
(snakestone) in ancient Greek. Since serpentinites are easily processed, they have been used by various
civilizations throughout history in making tools and jewelery, in ceremonial carvings, in decoration, as
well as in the production of amulets and in protection from snake bites (Ozdeniz et al., 2017).

Serpentine soils come from the erosion of ultramafic (igneous or metamorphic) rocks.
Ultramafic rocks contain high amounts of minerals such as Mg, Fe, olivine and pyroxene. The
formation of serpentine comes with the reaction of olivine, the main material in the structure of these
rocks, with water (Kruckeberg, 2002). At least 70% of ultramafic rocks consists of ferromagnesian
silicate. The common ultramafic rocks are peridotite and secondary formations that are formed as a

result of their hydration and contain serpentinite.

Serpentine rocks whose main ingredient is olivine (iron, magnesium silicate) can appear bright
green, bluish-green or black. Although the soils consisting of serpentine bedrock are greenish black at
first, they lose their Mg and Fe after washing with the effect of the rain and undergo color changes,
this change causes the soil color to first turn into reddish and then gray.

The soils that develop from the serpentine bedrock are shallow and stony soils because they
hardly decompose. They contain high levels of Mg and Fe. They are rich in heavy metals such as Ni,
Co, Cr. On the other hand, they are poor in minerals such as Ca, K, P necessary for the growth of
plants. This situation causes unfavorable conditions for plant growth. These extreme edaphic
conditions are called edaphic island or geological island. The high level of endemism in these soils
is explained by "geological isolation". Plants that can live on these islands are thought to be able to
hold on to these extreme conditions through a genetic change. These plants are locally adapted to
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serpantine soils by forming “soil ecotypes”. Formation of soil ecotypes in serpentine endemism is
thought to be a stage. (Kruckberg et al., 1999; Reeves et al., 1999; Anacker, 2014; Adigiizel and Reeves,
2002). Serpantine soils have shown remarkable levels of plant endemism in some regions of the world.
For example, 215 taxa in California, 854 taxa in Cuba and 1150 taxa in New Caledonia are grown only
on serpantine areas (Brooks, 1987; Kruckeberg, 2002).

The arid structure of serpentine soils is less organic materials, weak physical structure, high
concentration of heavy metals, causing these soils to be unsuitable for many plant species and poor
vegetation. Weak vegetation causes increase in soil temperature and erosion. Serpentine soils are
particulatly susceptible to erosion as they are steep, rocky and shallow soils. For this reason, plants
that can grow in these soils have to adapt to both the stress conditions arising from the physical and
chemical properties of the soil and drought. However, endemism and high plant diversity in these
areas are associated with adaptations to these adverse conditions (Proctor and Woodel, 1975; Brooks,
1987; Kruckeberg et al., 1999; Brady et al., 2005; Adamidis et al., 2014).

Although serpentine soils are challenging habitats for plants, the ecology of the serpentine
areas, how the plants adapt to these conditions, the high endemism and species diversity, the
morphological characteristics of the plants specific to these areas, their unique species compositions
have always been interesting and have been the subject of many research and modeling. Serpentine
soils have been used as model system for many studies on plant adaptation, plant speciation, plant
diversity and climatic change, due to their unique chemistry and their high levels of plant endemism
(Kruckeberg, 1984; Kruckeberg, 2002; Brooks, 1987).

Studies show that the species growing in the serpentine accumulate more heavy metals
compared to the species that grow in normal soils. One of the reasons that plants grown in these areas
can survive is hyperacumulation. Hyperaccumulator species are indicated to be found in serpentine
soils. The presence of these species in soil is generally considered as an indicator of high metal content.
These plants can accumulate more than 1000mg/g of Ni, Co, Cu, Cr in their tissues. Hyperacumulative
plants can accumulate these heavy metals at high rates through their vacuoles. In studies conducted in
serpentine areas in Turkey, it has been shown that genera such as Ablssum, Thiaspi, Cochlearia
accumulate Ni in their structures (Kruckeberg et al., 1999; Reeves et al., 2001). It is assumed that about
500 taxa are hyperaccumulators for one or more metals. The majority of taxa (more than 450) known
as hyperacumulators are nickel hyperacumulators, usually formed in serpentine soils (Van der Ent et
al., 2013).

Some families well represented in the serpentine flora are Asteraceae, Brassicaceae,
Caryophyllaceae, Cyperaceae, Fabaceae, Lamiaceae, Poaceae, Violaceae and Euphorbiaceae. The
number of hyperaccumulator species is the highest in the Brassicaceae family. The most characteristic
genus is the Ahssum L. Other nickel accumulating genera are Thlaspi L., Bornmmuellera Hausskn.,
Psendosempervivum (Boiss.) Grossh. and Centanrea 1. (Alun6zli et al., 2012; Reeves and Adigtizel, 2004,
Reeves et al., 2001).

The ultramafic rocks are common in Turkey except for east and southeast provinces. When
the distribution areas of serpentine rocks in our country are taken into consideration, it has been
revealed that it is concentrated on especially “Anatolian Diagonals” that geological isolation is
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another reason of the endemism on the diagonal. Serpantine areas occur around Kiitahya, Balikesir
and Bursa, with locally around Canakkale provinces in Northwestern Turkey. Serpantine areas extend
from Mugla to Hatay provinces in Mediterranean region and are extend from Kahramanmaras to
Erzincan in northeastern region. The smaller serpantine area also occur around Ankara province
(Adigiizel and Reeves, 2012).

Serpantine areas occur locally around Sogukpinar, east of Mustafakemalpasa district, north of
Orhaneli district, north and south of Harmancik district in Bursa. There are a few facilities that are
processing chrome, nickel and olivine mines in Orhaneli district and there are old chrome mines that
are not active today in Harmancik district. Although the flora of some regions including serpentine
areas in Bursa province has been studied (Daskin and Kaynak 2010 a, b, Bagc¢ivan and Daskin 2019,
2020), especially the plants growing on the serpentine have not been studied. Therefore, it was aimed
to determine the plants growing on the serpentine substrate in Bursa province and to group them
according to their serpantine affinities in this study.

2. Material and Methods

These study consists of the plant speciemens were collected from totally 20 serpantine areas, mainly
determined on the basis of our field expeditions carried out between 2011 and 2018 years, in the study
area (Figure 1). The locations, altitudes and coordinates of these areas were given in Table 1.

Some researchers divided the plants growing on serpentine soils into two large groups according to
their serpentine affinities, those growing in serpentine areas as mandatory = obligate are defined as
serpantinophyte and can grow in both serpentine and non-serpentine edaphic conditions-facultative

or serpantinovag (Kurt et al., 2013; Pollard et al., 2014).

Flora of Turkey volumes 1-11 (Davis, 1965-1985; Davis et al.,1988; Giiner et al., 2000) and related
literatures were used in the identification of the plant specimens. At the end of this study, 172 plant
taxa were identified belong to 104 genera and 36 families and their locations, life forms, serpantine
affinities (serpantinophyte or serpantinovag), [UCN categories and phytogeographical regions were
presented in Table 2. General appearance and the vegetation of the serpantine areas and some species
grown on serpantine substrates were photographed in their habitats and their habitat characteristics
were noted (Figures 2, 3, 4, 5, 6).
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Figure 3. Blackish and reddish serpentine rocky and stony areas and serpentine vegetation on the
Harmancik road
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Figure 6. Centaurea drabifolia subsp. floccosa, on the left; Verbascum basivelatum, on the right
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Table 1. Studied serpantine areas in Bursa province

Loc No Location Altitude (m) Coordinates
1.1 Osmangazi: on Keles road, 2 km to Sogukpinar 930 35T 681686 E/443398 N
L2 Osmangazi: Sogukpinar Karaislah fork road 990 35T 681686 E/4433985 N

to Keles road, 5. km,
L3 M.kemalpasa: between Cinarcik and Eskikizilelma 435 40.029888 N /28.769877 E

14 M.kemalpasa: between Eskikizilelma and Sehriman

L5 M.kemalpasa: between Sehtiman and Caltulibiik 227 39° 57N / 28° 36’ E
L6 M.kemalpasa: extrance of Omeralti to Cinarcik 686

L7 Orthaneli: Cinarctk Dam and its environments 446 35T 650977 E /4432753 N
1.8 Orhaneli: 2 km after Yorucekler road fork 392 35S 6633228 E /4424277 N

L9 Orhaneli: around Akcabtik 385 358 664509 E/ 4424010 N
.10 Orhaneli: around Céreler road fork 355 35S 665742 E/ 2243203 N
L11 Orhaneli: between Topuk road fork and Topuk, 4. km 536 35S 671018E/ 4427911 N
L12 Orhaneli: around Ceki Siril road fork 965 35S 675482 E/ 4404612 N
113 Harmancik: 14 km to Harmancik 972 35S 676896 E./4401689 N

114 Harmancik: 12 km to Harmancik 992 35S 676916 E/4399251 N

115 Harmancik: on Harmancik road, 2 km to 1029 358 676856 E/ 4399302 N

Camoglu Cakmak road fork
L16  Harmancik: between Ilicaksu and Delicegiiney 620 30°39’N / 29°01’E
L17 Harmancik: between Ki¢manlar and Ishaklar 777 35S 683630 E /4389937 N
L18  Harmancik: south of Kozluca
L19  Harmancik: between Gékeeler and Kocapinatr 563 358 673212 E/ 4385334 N
120 Harmancik: above Balatdanisment, around Kiipli Hill 1127 358 692294 E/ 4387892 N

3. Results and Discussion

172 plants were identified growing on the serpentine substrate in the study area. 35 of these taxa are
endemic, endemism ratio was found as 20%. The distribution of 35 endemic taxa according to IUCN
threatened categories are as follows Least Concern (LC) 24, Critically Endangered (CR) 3, Near

Threatened (NT) 2, NE 1, Vulnerable (VU) 3, Endangered (EN) 2 (Ekim et al., 2000). 14 taxa were
identified as serpantinophyte, 158 taxa were identified as serpantinovag.
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The distribution of 172 taxa according to the life forms of Raunkier was found to be 6 Phanerophyte,,
5 Chamaephyte, 104 Hemicryptophite, 20 Cryptophyte, 37 Therophyte. The distribution of 172 taxa
according to phytogeographical elements are as follows: 34 taxa in Mediterranean, 20 taxa in Irano-

Turanian, 18 taxa in Euro-Siberian and 100 taxa are multiregional or unknown originated (Figure 7).

18

B Mediterranean
M Irano-Turanian
Euro-Siberian

Unknown

Figure 7. Distribution of taxa determined in the study area according to phytogeographic regions

Table 2. Plant taxa growing on serpantine sites in the study area

Family Taxon Locations Life | Serpantine IUCN Phyt.
form | affinity category | Ele.
Pteridaceae Cheilanthes marantae (L.) R. Br. | L20 Kri. Serpentinovag Unkown
Cupressaceae Juniperus excelsa M. Bieb. L12,L16 Fan. Serpentinovag Unkown
subsp. exvelsa
Cupressaceae Juniperus foetidissima Willd. 112,114, 1.20 Fan. Serpentinovag Unkown
Ephedraceae Epbhedra major Host L9 Fan. Serpentinovag Unkown
Pinaceae Pinus brutia Ten 1.3,1.7, 1.8, 1.9, Fan. Serpentinovag Unkown
L11,1.19
Pinaceae Pinus nigra J. F. Arnold subsp. | L13, L14, LL15, Fan. Serpentinovag Unkown
nigra var. caramanica (Loudon) | L20
Rehd.
Amaryllidaceae | Allium hirfovaginatnm Kunth 120 Kri. Serpentinovag Med.
Amaryllidaceae Allinm lycaonicum Siehe ex L2,1.13,1.20 Kri. Serpentinovag Unkown
Hayek
Amaryllidaceae | Allium olympicum Boiss. L16 Kri. Serpentinovag LC Euro.-
Sib.
Amaryllidaceae | Allium paniculatum 1. subsp. 116, .20 Kri. Serpentinovag Med.
paniculatum
Amaryllidaceae | Alium scorodoprassum L. subsp. | L12, 1.20 Kri. Serpentinovag Unkown
rotundum (L.) Stearn
Amaryllidaceae | Allium stamineum Boiss. 1.20 Kri. Serpentinovag Med.
Amaryllidaceae | Allium sibthorpianum L11,1.14, 115 Kri. Serpentinovag Med.
Asparagaceae Bellevalia speciosa Woronow ex | 1.20 Kri. Serpentinovag Unkown
Grossh.
Asparagaceae Hyacinthella lineata (Steud. ex L1, L2, L3, L5, Kri. Serpentinovag LC Med.
Schult. & Schult f.) Chouard 17,18, 1.9, 1.13,
.14, 1.15,1.20
Asparagaceae Muscari armeniacum Leichtlin 13,17, Kri. Serpentinovag Unkown
ex Baker
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Asparagaceae Muscari neglectum Guss. ex 12,112, .14, Kri. Serpentinovag Unkown
Ten. 120

Asparagaceae Muscari tenuiflorum Tausch 1.20 Kri. Serpentinovag Unkown

Asparagaceae Ornithogalum comosum L. L12 Kri. Serpentinovag Unkown

Asparagaceae Ornithogalum montanum Cirillo | L12 Kri. Serpentinovag Med.

Asparagaceae Ornithogalum sigmoidenm Freyn | 113, 114, Kri. Serpentinovag Euro.-
& Sint. Sib.

Iridaceae Iris kerneriana Asch. & Sinth. 120 Kri. Serpentinovag LC Euro.-
ex Baker Sib.

Iridaceae Iris suaveolens Boiss. & Reut. L12, 113, 1.20 Kri. Serpentinovag Euro.-

Sib.

Liliaceae Fritillaria pinardii Boiss. L1, 1.2, 1.13 Kri. Serpentinophyte Ir.-Tur.

Poaceae Aegilops geniculata Roth L7,18,1L12,1.14 | Ter. Serpentinovag Med.

Poaceae Agrostis capillaris 1. var. L11 Hem. | Serpentinovag Unkown
capillaris

Poaceae Alopecurus myosuroides Huds. L8 Hem. | Serpentinovag Euro.-
var. zyosuroides Sib.

Poaceae Brachypodium distachyon (L.) P. | L10, L12 Serpentinovag
Beauv. (Sin: Trachynia distachya Hem. Med.
(L.) Link)

Poaceae Briza media L. 120 Hem. | Serpentinovag Unkown

Poaceae Bromus sterilis 1.. 1.13, L.14 Ter. Serpentinovag Unkown

Poaceae Dactylis glomerata 1. subsp. L.20 Hem. | Serpentinovag Euro.-
Slomerata Sib.

Poaceae Festuca callieri (Hack.) Markgr. | 110 Hem. | Serpentinovag Unkown
subsp. callieri

Poaceae Melica ciliata 1. subsp. ciliata .13, .14, 1.20 Hem. | Serpentinovag Unkown

Poaceae Orizopsis miliacea (1..) Asch. & Serpentinovag Unkown
Schweinf. subsp. thomasii L20 Hem.
(Duby) K. Richt.

Poaceae Poa bulbosa 1.. 1.8, 1.9, .12 Kri. Serpentinovag Unkown

Poaceae Taeniatherum caput-medusae (1..) Serpentinovag ‘
Nevski subsp. ¢rinitum L10 Ter. Ir.-Tur.
(Schreb.) Melderis

Poaceae Vulpia persica (Boiss. & L10 Ter. Serpentinovag Ir.-Tur.
Buhse) Krecz & Bobrov

Apiaceae Falcaria falcarioides (Bornm. & | 1.20 Hem. | Serpentinovag Unkown
H. Wolff) H. Wolff

Apiaceae Ferulago macrosciadia Boiss. & L1, L8, L11, Hem. | Serpentinovag LC Med.
Balansa

Apiaceae Ferulago silaifolia (Boiss.) Boiss. | 1.9 Hem. | Serpentinovag EN Euro.-

Sib.

Apiaceae Scandix pecten-veneris L. L1,L11, 112 Ter. Serpentinovag Unkown

Apiaceae Turgenia latifolia (1..) Hoffm. L16 Ter. Serpentinovag Unkown

Apocynaceae Viinca major L. subsp. major L13,L14 Hem. | Serpentinovag Med.

Apocynaceae Vincetoxcicum fuscatum Rchb. f. 1.13, 1.20 Hem. | Serpentinovag Unkown
subsp. fuscatum

Apocynaceae Viincetoxcicum tmolenm Boiss. L.20 Hem. | Serpentinovag Ir.-Tur.

Aristolochiaceae | Aristolochia pallida Willd. L11 Hem. | Serpentinovag Unkown
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Asteraceae Achillea coarctata Poir. L8 Hem. | Serpentinovag Unkown
Asteraceae Anthemis cretica 1. subsp. 113, .20 Hem. | Serpentinovag Unkown
anatolica (Boiss.) Grierson
Asteraceae Asteriscus spinosus (L..) Sch. L10 Ter. Serpentinovag Med.
Bip.
Asteraceae Carduus acicnlaris Bertol. L10 Ter. Serpentinovag Med.
Asteraceae Carthamus lanatus 1. L13 Ter. Serpentinovag Unkown
Asteraceae Centanrea drabifolia Sibth. & 114, .15 Hem. | Serpentinophyte | LC Unkown
Sm. subsp. floccosa (Boiss.)
Wagenitz & Grauter
Asteraceae Centanrea diffusa Lam. 14,15, L10 Hem. | Serpentinovag NE Med.
Asteraceae Centanrea iberica Trev. ex L10 Hem. | Serpentinovag Unkown
Spreng.
Asteraceae Centanrea olympica (DC.) L4, 1.20 Hem. | Serpentinovag LC Unkown
K.Koch
Asteraceae Centanrea polyclada DC. 120 Hem. | Serpentinovag VU Med.
Asteraceae Centaurea virgata Lam. L16, L20 Hem. | Serpentinovag Ir.-Tur.
Asteraceae Cirsium arvense (L..) Scop. L16, .20 Hem. | Serpentinovag Unkown
Asteraceae Cirsinm canum (1..) All 120 Hem. | Serpentinovag Euro.-
Sib.
Asteraceae Chondrilla juncea L. L20 Hem. | Serpentinovag Unkown
Asteraceae Cota tinctoria (L.) ].Gay ex L16, .20 Hem. | Serpentinovag Unkown
Guss. var. #inctoria
Asteraceae Crepis sancta (L.) Bornm. L12,1.15,1.19 Ter. Serpentinovag Unkown
Asteraceae Crepis setosa Haller £. L10 Ter. Serpentinovag Euro.-
Sib.
Asteraceae Crepis gacintha (1) Babc. 1.8, L9 Ter. Serpentinovag Med.
Asteraceae Crupina crupinastrum (Motis) L12,1.13, 16 Ter. Serpentinovag Unkown
Vis.
Asteraceae Cyanus triumfettii Dostal ex A. | 112,113 Hem. | Serpentinovag Unkown
Léve & D. Léve subsp.
triumfettii
Asteraceae Hieracium pannosum Boiss. L8 Hem. | Serpentinovag Med.
Asteraceae Lapsana communis L. ssp. L1 Hem. | Serpentinovag Unkown
adenophora (Boiss.) Rech. f.
Leontodon crispus Vill. subsp. Serpentinovag Unkown
Asteraceae asper (Waldst. & Kit.) RohL L12,1.13 Hem.
var. asper
Asteraceae Leontodon crispus Vill. subsp. 113, 1.20 Hem. | Serpentinovag Unkown
asper (Waldst. & Kit.) Rohl.
var. asper
Asteraceae Matricaria chamomilla 1. var. Ter. Serpentinovag Unkown
recutita (L..) Fiori L10
Asteraceae Picris hieracioides 1.. subsp. 1.20 Hem. | Serpentinovag Euro.-
hieracioides Sib.
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Asteraceae Pilosella cymosa (L.) F. W. L.20 Hem. | Serpentinovag Unkown
Schultz & Sch. Bip.
Asteraceae Pilosella piloselloides (Vill.) Sojak | 113, L.20 Hem. | Serpentinovag Unkown
subsp. magyarica (Peter) S.
Braut. & Greuter
Asteraceae Pilosella procera (Fr.) F. W. L.20 Hem. | Serpentinovag Unkown
Schultz & Sch. Bip
Asteraceae Scorzonera cana (C. A. Mey.) 112,113, 1.15 Hem. | Serpentinovag Unkown
Griseb. var. jacquiniana (W.
Koch) D. F. Chamb
Asteraceae Scorzonera eriophora DC. L14 Hem. | Serpantinovag LC Unkown
Asteraceae Scorzonera mollis M.Bieb. L1,18,L13,L.20 | Hem. | Serpentinovag Unkown
subsp. wollis
Asteraceae Senecio vernalis Waldst. & Kit. L8, L11, L12 Ter. Serpentinovag Unkown
Asteraceae Taraxacum farinosum Hausskn. | 1.20 Hem. | Serpentinovag LC Ir.-Tur.
& Bornm. ex Hand.-Mazz.
Asteraceae Taraxcacum bellenicum Dablst. 110, L12 Hem. | Serpentinovag Med.
Asteraceae Taraxacum psendobrachyglossum | 1.12, 1.20 Hem. | Serpentinovag Euro.-
Soest Sib.
Buglossoides arvensis (L..) 1. M. Serpentinovag Unkown
Boraginaceae Johnst. subsp. sibthorpiana L12 Ter.
(Gtiseb.) R. Fern.
Boraginaceae Cynaglottis barrelieri (All.) L8, L12 Hem. | Serpentinovag Med.
Vural & Kit Tan
Boraginaceae Myosotis arvensis (L.) Hill L8 Hem. | Serpentinovag Euro.-
Sib.
Boraginaceae Myosotis minutiflora Boiss. & L20 Ter. Serpentinovag Med.
Reut.
Boraginaceae Neatostoma apulum 110 Ter. Serpentinovag Med.
Boraginaceae Onosma taurica Willd. var. L1,L13, L14, Hem. | Serpentinovag Unkown
tanrica 120
Boraginaceae Onosma thracica Velen. L8, L12 Hem. | Serpentinovag Euro.-
Sib.
Boraginaceae Paracarynm calycinum Boiss. & | L1, 1.7, 1.13 Hem. | Serpentinophyte | L.C Ir.-Tur.
Balansa
Brassicaceae Aethionema arabicum (L.) Adrz. | L11, 112, 113 Ter. Serpentinovag Unkown
ex DC.
Brassicaceae Aethionema cordatum (Dest.) 112, L.13, .14, Hem. | Serpentinovag Unkown
Boiss. L.20
Brassicaceae Albyssum alyssoides 1. L1 Ter. Serpentinovag Unkown
Brassicaceae Albyssum corsicum Duby 110, L13 Hem. | Serpentinophyte Unkown
Brassicaceae Albyssum dudleyi Adigtizel & R. | L13, 14, L15, Hem. | Serpentinophyte | VU Unkown
D. Reeves 116, 1.20
Brassicaceae Albyssum murale Waldst. & Kit. | L1, L3, L6, L7, Hem. | Serpentinophyte Unkown
subsp. wurale var. murale L14, .16
Brassicaceae Abyssum sibiricnm Willd. L1, L7,18,1.10, | Hem. | Serpentinophyte Unkown
119, 1.20
Brassicaceae Abyssum minutum Schlecht. ex L12,1.17, 118 Ter. Serpentinovag Unkown

DC.
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Brassicaceae Albyssum simplex Rudolph 1.8, 1.9, 1.17, .18 | Ter. Serpentinovag Unkown
Brassicaceae Albyssum umbellatum Desv. 1.20 Hem. | Serpentinovag Med.
Brassicaceae Chypeola jonthlaspi 1. L11, 112 Ter. Serpentinovag Unkown
Brassicaceae Erysimum smyrmaenm Boiss. & | L1 Hem. | Serpentinovag Unkown
Balansa
Brassicaceae Tberis simplex DC. 1.20 Hem. | Serpentinovag Unkown
Brassicaceae Thlaspi janbertii Hedge L1,18,L12 Hem. | Serpentinovag LC Unkown
Brassicaceae Microthlaspi perfoliatum (L.) F. L1, L7, 112, Ter. Serpentinovag Unkown
K. Mey.
Campanulaceae | Asyneuma linifolinm (Boiss. & L3, L11, .14, Hem. | Serpentinovag LC Med.
Heldr.) Bornm. subsp. L15
linifolinm
Caprifoliaceae Valerianella lasiocarpa Steven L13 Ter. Serpentinovag Ir.-Tur
ex Betcke
Caprifoliaceae Valerianella pumila (L.) DC. 1.9, .10, 12 Ter. Serpentinovag Unkown
Caryophyllaceae | Bolanthus spergulifolius (Jaub. & | L1, 114, LL15, Hem. | Serpentinophyte | VU Unkown
Spach) Hub.-Mor. 1.20
Caryophyllaceae | Dianthus goekayi Kaynak, 12,19, L11, Hem. | Serpentinophyte | CR Unkown
Yimaz, Daskin L13, 114, 115,
119, 1.20
Caryophyllaceae | Dianthus leptopetalns Willd. 12,14, L16 Hem. | Serpentinovag Unkown
Caryophyllaceae | Dianthus calocephalus Boiss. 1.3, L11 Hem. | Serpentinovag Unkown
Caryophyllaceae | Cerastium dubium (Bastard) O. | L1 Ter. Serpentinovag Unkown
Schwarz
Caryophyllaceae | Cerastium gracile Dufour 113,115 Ter. Serpentinovag Unkown
Caryophyllaceae | Minnartia erythrosepala (Boiss.) | L1 Hem. | Serpentinovag Unkown
Hand.-Maz. Var. erythrosepala
Caryophyllaceae | Minuartia hirsuta (M. Bieb.) L10,L13 Hem. | Serpentinovag Unkown
Hand.-Mazz. subsp. falcata
(Gris.) Mattf.
Caryophyllaceae | Minuartia lencocephaloides L13,L14 Hem. | Serpentinovag LC Unkown
(Bornm.) Bornm.
Caryophyllaceae | Paronychia amani Chaudhrti var. | 114, 115, 1.20 Hem. | Serpentinovag Unkown
amani
Caryophyllaceae | Paronychia chionaea Boiss. 12,113,115 Hem. | Serpentinovag Unkown
subsp. chionaea var. chionaea
Caryophyllaceae | Silene argentea Ledeb. L1, 111,113 Hem. | Serpentinovag Ir.-Tur.
Caryophyllaceae | Silene compacta Fisch. ex Lo Hem. | Serpentinovag Unkown
Hornem.
Cistaceae Helianthenmum nummularium (L.) | 114, L15 Kam. | Serpentinovag Unkown
Mill. subsp. nummnlarinm
Cistaceae Fumana aciphylla Boiss. L1,L13 Kam. | Serpentinovag Ir.-Tur.
Crassulaceae Promethenm chrysanthum (Boiss.) | L14, L15 Hem. | Serpentinophyte | CR Med.
‘t Hart subsp. wludaghense
Kaynak, Yimaz & Dagkin
Crassulaceae Sedum album 1. L1, L11, 112, Hem. | Serpentinovag Unkown
113, .14, 115,
L16
Convolvulaceae | Comvolvulus cantabrica 112 Hem. | Serpentinovag Med.
Convolvulaceae | Comvolvulus compactus Boiss. L1, 1.2, L4,1.10, Hem. | Serpentinovag
114,115, 1.20 Ir. Tur
Ericaceae Arbutus andrachne L. L3,1L8 Fan. Serpentinovag Unkown
Euphortbiaceae Euphorbia anacampceeros Boiss. L1, L8, 13, Hem. | Serpentinovag LC Unkown
Var. anacampeeros L15,1.20
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Euphorbiaceae Euphorbia apios 1. L8, L9, 110, Hem. | Serpentinovag Med.
L12, L13,L.20
Euphorbiaceae Euphorbia tanrinensis All. L1, L7, 10, Ter. Serpentinovag Unkown
112, 1.20
Fabaceae Astragalus coodei D. F. Chamb. | L1, L13, L20 Hem. | Serpentinovag LC Ir.-Tur.
& V. A. Mathews
Fabaceae Astragalus vulnerariae DC. 113, 1.20 Hem. | Serpentinovag LC Unkown
Fabaceae Astragalus gaeobothrys Boiss.& L1, L2 Hem. | Serpentinovag EN Unkown
Bal.
Fabaceae Astragalus prusianus Boiss. L16 Hem. | Serpentinovag Med.
Fabaceae Cytisopsis dorycniifolia Jaub. & L1,1.2, 1.3, L7, Kam. | Serpentinovag Unkown
Spach 1.13, .20
Fabaceae Doryeninm graecum (L.) Ser. L1 Hem. | Serpantinovag Unkown
Gentianaceae Blackstonia perfoliata Lo Ter. Serpentinovag Unkown
(L)Huds.subsp. perfoliata
Gentianaceae Centanrinm ertybraea ssp. L1, Lo, L9 Hem. | Serpentinovag Unkown
turcicum (Velen.) Melderis
Hypericaceae Hypericum aviculariifolium Jaub. | L1, 1.2, 1.3,1.7, Hem. | Serpentinovag LC Med.
& Spach L11, 112, 114,
L15,1.20
Hypericaceae Hypericum bonrgaei L15 Hem. | Serpentinovag LC Med.
Hypericum montbretii Spach 110, Hem. | Serpentinovag Unkown
Hypericaceae Hypericum origanifolinm Willd. L12 Hem. | Serpentinovag Unkown
var. origanifolinm
Lamiacee Origanum sipylenm L. L5 Hem. | Serpentinovag LC Med.
Lamiaceae Salvia frigida Boiss. 13 Hem. | Serpentinovag Ir.-Tur.
Lamiaceae Stachys thirkei K. Koch L1, L11 Hem. | Serpentinovag Unkown
Lamiaceae Stachys tmolea Boiss. L1, Hem. | Serpentinovag LC Med.
Lamiaceae Teucrinm polinm L. subsp. L1, L10, 11, Hem. | Serpentinovag Unkown
polinm L12
Linaceae Linum pamphylicum Boiss. & L1, 14, 15,18, Hem. | Serpentinophyte | CR Unkown
Heldr. ex Planch subsp. L.11, .20
olympicum
Linaceae Linum tenuifolium 1. L1 Hem. | Serpentinovag Unkown
Polygalaceae Pobygala pruinosa Boiss. subsp. | L1, L13 Hem. | Serpentinovag Unkown
pruinosa
Plantaginaceae Globularia trichosantha Fisch. & | 112 Hem. | Serpentinovag Ir.-Tur.
C. A. Mey.
Plantaginaceae Veronica thymoides P. H. Davis | L20 Kam. | Serpentinovag LC Ir-Tur.
subsp. pseudocinerea M. A.
Fisch.
Plantaginaceae Linaria corifolia Desf . L14 Hem. | Serpentinovag LC Ir.-Tur.
Plumbaginaceae | Acantholinmon acerosum (Willd) 115, .20 Kam. | Serpentinovag LC Ir.-Tur.
Boiss. subsp. brachystachynm
(Boiss.) Dogan & Akaydin
Plumbaginaceae | Amueria cariensis Boiss. var. 1.13, 1.20 Hem. | Serpentinovag Med.
cariensis
Ranunculaceae Ranunculus cadmicus Boiss. L1,L.2,1.13,1.14 | Hem. | Serpentinophyte Unkown
Rosaceae Filipendula vulgaris Moench L1,L8 Hem. | Serpentinovag Euro.-
Sib.
Rosaceae Potentilla astranica Jacq. subsp. | L1, L13 Hem. | Serpentinovag Avr.-Sib.
astranica
Rubiaceae Asperula arvensis L. L14 Ter. Serpentinovag Unkown
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Rubiaceae Aspernla lilaciflora Boiss. L1,14,1.6,1.10, | Hem. | Serpentinovag LC Med.
subsp. phrygia (Bornm.) L11, 112,113,
Schonb.-Tem. 115, .16
Rubiaceae Crucianella angustifolia 1. Lo Ter. Serpentinovag Med.
Rubiaceae Galinm fissurense Ehrend. & Lo, L7 Hem. | Serpentinovag LC Euro.-
Schonb.-Tem. Sib.
Rubiaceae Galinm floribundum Sm. subsp. | L12 Ter. Serpentinovag Unkown
[floribundum
Rubiaceae Galium peplidifolium Boiss. L12 Ter. Serpentinovag Med.
Rubiaceae Galinm tricornutum Dandy 113,114 Ter. Serpentinovag Ir.-Tur.
Rubiaceae Galinm setacenm Lam. 114,116 Ter. Serpentinovag Unkown
Rubiaceae Galinm verum L. subsp. verum L4, 111, L16 Hem. | Serpentinovag Euro.-
Sib.
Scrophulariaceae | Verbascum basivelatum Hub.- L1, L3, 14,15, Hem. | Serpentinophyte | NT Ir.-Tur.
Mor. L7, 111, L16,
119, 1.20
Scrophulariaceae | Verbascum ovalifolium Donn ex | L1, L11 Hem. | Serpentinovag Euro.-
Simas ssp. hracicum (Velen.) Sib.
Murb.
Scrophulariaceae | Verbascum servatifolinm (Hub.- | 1.2 Hem. | Serpentinophyte | NT Ir.-Tur.
Mor.) Hub.-Mor
Violaceae Viola parvula Tineo L14 Ter. Serpentinovag Unkown

The distribution of 172 taxa according to families and genera is given Figures 8 and 9. Families with

the most taxa and the number of taxa they contain are Asteraceae (36 taxa), Brassicaceae (15 taxa),

Caryophyllaceae and Poaceae (13 taxa), Rubiaceae (9 taxa), Boraginaceae and Asparagaceae (8 taxa),

Amaryllidaceae (7 taxa) and Fabaceae (6 taxa). The distribution of taxa according to genera is Alyssum
(8), Allinm (7), Centanrea and Galinm (6), Astragalus and Hypericum (4), Muscari, Ornithogalum, Minuartia,

Dianthus, Scorgonera, Taraxacum, Pilosella, 1 erbascum and Euphorbia (3).
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Figure 8. The distribution of taxa according to families
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Figure 9. The distribution of taxa according to genera

Floristic studies on plants growing in serpentine areas in our country are very limited. Kurt et
al. (2013) listed 223 taxa growing on the serpentine substrates based on Flora of Turkey volumes 1-
11. 127 of these taxa are endemic, 97 of them are Serpantinophyte, 126 of them are Serpantinovag.
Ozdeniz et al. (2017) updated this list and increased this number to 248 by including 25 taxa from the
serpentine areas in our country, which were introduced as a new species for the scientific world, after
2013. They reported that 152 of 248 taxa were endemic, 119 taxa were serpantinophyte and 129 taxa
were serpantinovag.

A comparison of our study with the relevant literature in terms of phytogeografical elements,
serpantine affinity, endemism and important families was given in Table 3. When other studies are
examined, it is seen that Mediterranean elements are in the first place and Iran-Turan elements are in
the second place. It is seen that the families represented by the most taxa in the serpentine flora are
Asteraceae, Brassicaceae, Liliaceae and Caryophyllaceae. The findings obtained from our study are
consistent with the results of the literature.

Table 3. Comparison of our study with other studies on serpentine flora

Baggcivan & Dagkin 2021 | Kurt et al. 2013 Ozdeniz et al.2017
Phytogeographical | M | IT | ES | Unknown |M | IT. | E | Unknown | M. | IT | ES. | Unknow
elements . . . . S . n
34 |20 | 18 | 100 96 |42 |3 |82 103 |47 | 3 13
Serpentine affinity | Obligate Facultative Obligate | Facultative Obligate Facultative
14 158 97 126 119 129
Endemic 35/172 127/223 152 / 248 (223+25 taxa)
taxa/Total taxa
Endemism ratio 20 % 57 % 61 %
Families with the | Asteraceae (30) Asteraceae (36) Asteraceae (45)
most taxa Brassicaceae (15) Lamiaceae (21) Liliaceae (23)
Caryophyllaceae (13) Brassicaceae 20) Caryophyllaceae (22)
Poaceae (13) Liliaceae (17) Lamiaceae (21)
Rubiaceae (9) Caryophyllaceae (16) Brassicaceae (21)
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4.Conclusions

Serpentine areas are the most important endemic regions in the world. The ecology of the serpentine
system is of particular importance because of the adaptation of high endemism and serpentine expert
species to morphological structures and extreme conditions (Brady et al., 2005).

Due to the high level of edaphic stress in these areas, the geological island concept, the plants grown
in these areas have been used as model organisms for ecological differentiation and speciation. For
this reason, serpentine systems are extremely important in order to protect and sustain the species that
adapt to these extreme conditions and the plant diversity in these areas, as well as to understand the
mechanisms of speciation and adaptation. Serpantine plants are very important in cleaning areas
contaminated by heavy metals. By using their hyperaccumulative properties, these plants have the
potential to be used in clearing heavy metal contaminated soils or remediation of mine sites.
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Introduction

The marine environment coats upwards of 70% of the surface of the earth. The
microorganisms have substantial functions in marine environments, from biogeochemical cycles to
providing substances and energy to the food chain (de Carvalho and Caramujo, 2012, Hawley et al.,
2017). Additionally, the marine environment has confirmed the resource of highly strong compounds
(Newman and Cragg, 2005; Gochfeld et al., 2003), so worldwide research indicates that a significant
amount of pharmacological studies are conducted (Haefner, 2003). On the other hand, the studies
about the determination of biodiversity of marine bacteria and the sophistication of their compounds
have not been precisely investigated (Zhang et al., 2005). They have possessed of metabolic abilities,
which possibly varied from their terrestrial equivalents. The marine bacteria have developed original
life forms, called biofilms, where they improve their circumstances of tolerance to conditions that
submitted to environmental pressures. In the marine environment, biotic communities frequently
adhere to the surface. From these communities, bacteria are covered by the extracellular polymeric
matrix that keeps protection towards; predation, changes of salinity, antimicrobial compounds,
temperature, UV radiation, pH variations, and depletion of nutrients. Their achievement in marine
environments allows them to colonize almost entire surfaces in contact with seawater (Rasmussen,
2000; Westall et al., 2001). Biofilm bacteria regulate their metabolic pathways in a reply to quorum
sensing (de Carvalho, 2018; Krupke et al., 2016) and these bacteria, present importance to the health
and flexibilty of marine ecosystems via their crucial roles in biogeochemical cycling (Zhang et al.,
2019).

Marine biofilm bacteria are the focal point of attention of researchers with regards to their
products consisting of a lot of natural compounds. Especially enzymes and enzyme inhibitors are open
to improvement in terms of areas to be discovered. One of them the glucosidase inhibitors are the
enzyme that splits the glycosidic links and they are liable for degradation of the activity of glucosidase.
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These glucosidase inhibitors are blocking or changing specific metabolic pathways, so they have
participated in bringing out the efficient functions of glycosidases in organisms (Asano, 2003; Pandey
et al,, 2013a). The glucosidase inhibitors constitute their pharmaceutical importance in medicine
because of their use in the treatment of diabetes. The drug explorations have focused on natural
compounds chemistry (Zhang et al., 2005). The potency of natural compounds as a resource of
suchlike chemical compounds has been discovered from natural sources for various glycosidase
inhibitors (Kouam et al., 20006; Asano et al., 2001; Asano, 2000; Salazar and Furlan, 2007). Natural
compounds reveal the resources and the revelation for a substantial amount of the novel small
chemical molecules presented as drugs (Newman et al., 2003; Fenical and Jensen, 2006).

In our study focused on the investigation of B-glucosidase inhibitors from marine biofilm bacteria,
and detection of their chemical profiles. For this purpose, we used an efficient procedure by the
enzyme-agar plates and the marine microbial extract samples with a wide range of biological functions
have determined. So, the current sources of the B-glucosidase inhibitors to therapeutic applications
should be considered.

Material and Methods
Extraction of Inhibitors from Biofilm Bacteria

Eight species of marine biofilm bacteria were investigated for potential of producing [3-
glucosidase inhibitors in Table 1. The biofilm bacteria were isolated from panel systems of the Izmir
Bay (Eastern Aegean Sea) (Kacar et al., 2009). The bacterial suspension was grown on Zobell marine
medium (Difco) at 26°C within 48h.

The column chromatography method of extracts from biofilm bacteria has modified from
Pandey et al., 2013a, and 2013b. According to this method, the biofilm bacteria were inoculated in 50
ml Zobell Broth prepared in 50% sterile seawater and incubated at 26°C in 200 rpm shaker for 48
hrs. The microbial culture was centrifuged at 6000 rpm for 30 min. at 20°C and the culture supernatant
collected for the extraction of compounds. The collected culture supernatant was in a 250 mL flask
with 5 g Diaion HP-20 (Sigma) mixed and shaken for 1 h on a magnetic stirrer. After the magnetic
stirrer stage, the flask ingredients (Diaion HP-20 and culture supernatant) were poured in a sterile
125mL glass column and washed with 20 ml sterile distilled water. The compounds from marine
bacteria on diaion were eluted with 30 mL methanol within 75 min. The methanol fractions of
compounds were evaporated in a rotary evaporator (Buchi) below 40°C, dissolved in DMSO, and
stored at - 20°C in sterile tubes.
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Figure 1. A schematic extraction procedure of marine biofilm bacteria

Agar-Plate Inhibition Experiments

The method of the determination of B-glucosidase inhibitors was applied with some
modifications from Pandey et al., 2013a, and 2013b and Salazar and Furlan, 2007. This method
contained an enzyme agar solution. For the preparation of this solution, the enzyme of 3-glucosidase
was prepared in 35 mL sodium acetate buffer (pH=5.0) with 3.5 g of agar powder dissolved at 85°C
in a water-bath (Julabo). After the solution was cooled at 60 °C in another water bath, the addition of
9.8 mL of FeCl; solution was added in the flask. The acetate buffer of 5 mL and the enzyme (-
glucosidase of 200 pL. was added at 40°C (0.01 U/mL). The final volume of enzyme agar solution has
adjusted the aliquots of 10 mL and the solution was poured into Petri plates. After the air-dried of
plates within 1 hour, the extract samples of 5 pL. were spotted on the surface of the enzyme-agar plate
and dried in an incubator at 37°C for 45 min. Condutitol B-epoxide and 1-(3-Aminopropyl) imidazole
were used as positive controls and DMSO without extract was used as a negative control. Finally, the
esculin solution of 8 mL was covered on the surface of the enzyme agar plate and still incubated at
37°C for 1 h. for the enzyme-substrate reaction. The clear zones of inhibition were recorded by
measuring the zone size.

Enzyme agar plate Incubation

Inhibiton
ones

Positive
control
Extract

Figure 2. A schematic procedure of agar plate inhibiton
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The Chemical Profiles of the Extracts
The determination of total terpenoid content

The total terpenoid contents of microbial extracts were determined according to the method
of Ghorai et al., 2012 with some modifications. Briefly, the microbial extract samples with distilled
water of 2000 uL. were vortexed for 30 second at room temperature. Each tube was added 1.5 mL
chloroform and was added extract samples of 200pl. Before the Linalool solution (200uL) in methanol
was added into chloroform (1.5 mL) for preparing the standard curve. Sulfuric acid (H2S04) was
added in 100pL concentration to each 2 mlL tube. The samples and the standard solution was
measured by a UV Visible spectrophotometer. The total terpenoid concentration was calculated 3
replicate of analysis.

The determination of total alkaloid content

The total alkaloid contents of extracts were determined according to the methods of Shamsa
et al., 2008 and Patel et al., 2015 with minor modifications. The bromocresol green solution was
prepared with 5 mL distilled water and 69.8 mg bromocresol green in 3 mL of 2N NaOH. After the
solution was completely dissolved, it was diluted to 100 mL with distilled water. The boldine standard
solution was prepared by dispersed 1 mg boldine (Sigma Chemical, USA) with 10 mL distilled water.
The boldine standard solutions and the phosphate buffer solution (pH 4.7) were used for the
preparation of the standard curve. 5mL BCG solution and 5 mL phosphate buffer were added in the
tube and shaken with 1, 2, 3, and 4 mL of chloroform. The samples and the standard solution was
measured by a UV Visible spectrophotometer. The total alkaloid concentration was calculated 3
replicate of analysis.

The determination of total phenolic content

The total phenolic contents of microbial extracts were determined according to the method
of Rohaeti et al., 2017 with some minor modifications. The microbial extracts of 200uL into 25 mL
tubes. The standard solution of 0.9 mL (gallic acid) and the extract were added and vortexed by 4.5
mlL reagent of Folin-Ciocalteu. Each solution was added with 3.6 mL of 7.5% Na>COs and incubated
for 1 h. The samples and the standard solution was measured by a UV Visible spectrophotometer.
The total phenolic content of samples was detected using a regression equation of standard gallic acid.
The total phenolic concentration was calculated 3 replicate of analysis.

The determination of total flavanoid content

The total flavanoid contents of microbial extracts were determined according to the method
of Rohaeti et al., 2017 with some minor modifications. The microbial extracts of 100uL into 10 mL.
tubes. Quarcetin used as a standard solution and the samples were added and vortexed by 600 uL
ethanol, 100 uL. 1M potassium acetate, 1.2 mL distilled water. Each solution incubated for 30 minutes.
The samples and the standard solution was measured by a UV Visible spectrophotometer. The total
flavanoid concentration was calculated 3 replicate of analysis.
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Results and Discussion

Marine-derived natural compunds have fascinated the caution of scientists all over the world
(Martins et al., 2018). The marine environment is a great resource of diverse bioactive compounds
(Getachew et al., 2020). Marine organisms indicate an actually unused source for natural ingredients
with the potency to contribute actively pharmaceuticals, enzymes, nutritional additives, agrochemicals,
cosmetic products, and molecular products (Suleria et al. 2016).

Microorganisms can rapidly perceive, and reply to the marine environment and contest for
defensive and stay alive by the strain of the special compounds. This kind of compounds are generated
in reaction to the stress and also, many of them have indicated significance in the biotechnological
implementations (Zhang et al., 2005). There are only a few scientific studies of $-glucosidase inhibitors
from marine biofilm bacteria (Pandey et al., 2013a). Unlike the long-standing medical practices of
terrestrial organisms, marine bacteria have a shorter history of usage in the therapy and/or protection
of disease (Chin et al., 20006). Pandey et al. (2013a) were determined that methanol extracts of bacteria
were analyzed with the agar-plate method, and they found 98 extracts include inhibitors. Our results
of the study showed that biofilm bacteria have the potential to produce inhibitor compounds. The
results (Table 1) showed us that five of them are able to produce inhibitors. For this reason, we
determined the success obtained using this extraction method as 62.5%. The positive extracts
demonstrated that the inhibition zones at sites where the extract specimens were spotted. The
inhibition was enlisted by evaluating the zone diameters. (Figure 3).

Table 1. Agar plate results of the potential -glucosidase inhibitory compounds from marine biofilm
bacteria extracts

No  Organism NCBI Results of Zone
Code Inhibition diameters

1 Exiguobacterium homiense FJ200652 Negative -

2 Vibrio lentus FJ200648 Positive 0.5cm

3 Alteromonas genoviensis FJ200641 Negative -

4 Pseudoalteromonas agarivorans FJ040187 Positive 0.2cm

5 Pseudoalteromonas haloplanktis FJ040185 Negative -

6 Pseudoalteromonas elyakovii FJ200649 Positive lcm

7 Pseudoalteromonas porphyrae FJ200650 Positive lcm

8  Pseudoalteromonas marina FJ200653 Positive lcm
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Figure 3. The agar-plate result of Pseudoalteromonas elyakovii F]200649.

Psendoalteromonas elyakovii F]200649 that gave positive result, was choosen to determine of inhibitor

profiles. We measured the amount of total terpenoid, total alkaloid, total phenolic, and total flavonoid

ingredients with spectrophotometric analysis. So, we calculated the percentage of the chemical profiles

of the extracts. According to these analyzes, it has been revealed that the Psexdoalteromonas elyakovii has

a high potential in terms of flavonoid content. In addition, the potential of this biofilm bacteria was

found to be quite good compared to the previous studies (Zouaoui and Ghalem, 2017; Hemalatha et
al., 2013; Messyasz et al., 2018; Prabakaran et al., 2018) with marine-derived organisms (Table 2).

Table 2. The chemical profiles of the extracts

Organism %Total %Total %Total Phenolic | %Total Reference
Terpenoid Alkaloid Concentration* | Flavanoid
Concentration* Concentration* Concentration*
Psendoalteromonas elyakovii 0.457£0.029 3.379£1.422 8.187x0.792 17.081£1.429
Present study
g/mL mg/mL mg/mL mg/mL

Dictyota dichoyoma

2353+ 0.11 mg
equiv. GA/100

Z.ouaoui and

g of dry alga Ghalem, 2017
powder
Corallina elongata 206.22 £ 0.13
mg equiv. Zouaoui and
GA/100 g of Ghalem, 2017
dry alga powder
Navicula clavata 0.34 £ 0.028
mg/g Hemalatha et
gallic acid al., 2013
equivalent
Chlorella marina 0.78 + 0.032
and 0.63 * Hemalatha et
0.031 mg/g al, 2013
gallic acid ?
equivalent
Dunaliella salina 0.17 £ 0.024mg
/g Hemalatha et
gallic acid al., 2013
equivalent

82




Omuzbiiken, Burcu; Kagar, Asli; Avunduk, Sibel & Erden Pazi, 1dil; Investigation of Enzyme (B-Glucosidase)

Inhibitor Obtained from Marine Biofilm Bacteria

Extract of mix of Baltic 20.32 £ 0.63 1.51 £ 0.03

algae and 41.73 £ and 1.12 £ Messyasz et al.,
1.80 (mg 0.08 (mg 2018
GAE/g) QE/g)

Extract of freshwater 2522+ 1.11 1.08 £ 0.04

Cladophora glomerata and 21.50 and 1.77 Messyasz et al.,
1.71 (mg 0.10 (mg 2018
GAE/g) QE/g)

Chlorella vulgaris 62.4 £0.16 71.6 £ 0.16 50.9 £ 0.08 Prabakaran et

(ug/mg) (ug/mg) (ug/mg) al,, 2018

* concentrations % mean T standart deviation

Especially, phenolic compounds are secondary metabolites reproduced by microorganisms,
algae, and terristerial organisms. There are numerous hypotheses about why marine organisms
reproduce phenolic compounds. The one of the most extensively agreed ideas that these compounds
are reproduced as a defence mechanism to preserve from marine environment conditions (Getachew
et al., 2020). Flavonoids are low molecular weight secondary metabolites, mostly found in terrestrial
and marine sources (Kumar and Pandey, 2013). Latest investigations have exposed that marine-
derived flavonoids show advantages in biological activities, and for this reason, the pharmaceutical
products have drawn a great deal of caution (Martins et al., 2018). As another important group, marine
alkaloids are a type of compound that were excreted from marine organisms. They have complicated
and specific chemical structures, but at the same time, they indicate variety in biological activities.
Marine alkaloids have great medicinal aspects and used as anti-fungal, anti-viral, and anti-tumor drugs.
The restricted numbers of marine alkaloids that were obtained by separation, has limited the clinical
investigate and industrial improvement of marine alkaloids (Zhou and Huang, 2020). On the other
hand, terpenoids are the fundamental components of the essential oils of many organisms. These
components belong to the isoprenoid group. The isoprene polymers, terpene hydrocarbons and their
oxygen derivatives are much frequently available in grand amounts in different plant species (Ghorai
et al., 2012). However, studies about phenolic, alkaloid, flavonoid and terpenoid compounds from
microorganisms, especially marine bacteria, are in a small number of total investigations.

As a result, the high potential for chemical extract production of these biofilm strains was
found that they were grown in a culture medium and were extracted by column chromatographic
method. Inhibition experiments were performed under optimum conditions in the enzyme agar plates.
It is indicated with our findings that this extract, which has effective inhibition, needs to be completely
revealed by advanced chemical analysis, and its potential of medical importance can be evaluated.
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Mobil Cihazlardan Izlenebilen Pulse Oksimetre Cihazi

Mehmet Erhan SAHIN'

Girig

Oksijen; havada, suda, toprakta bir ¢cok yerde yer almaktadir. Havada, hacim olarak %99,
agirlikca %23,2, Suda, agirlikca %88,8, Yer kabugunun ise %50'sinde oksijen bulunur (Oksijen, 2008).
Canlilar oksijene ihtiya¢ duyarlar. Insanlar nefes alirken hava ile birlikte oksijeni akcigerlerine ¢ekerler.
Oksijen burada kugctk dolasim olarak adlandirilan ¢evrim sayesinde kana karisir. Buyik dolasimla
kanda bulunan hicreler sayesinde viicudu dolasirlar. Viicudu dolasirken hiicrelerdeki karbon ile
birleserek karbondioksit olarak disart atilirlar. Oksijen bu sayede viicuda enetji verir. Ayrica vicut
sicaklik dengesini saglar. Gortldigh gibi oksijenin 6nemi buytktir. Bundan dolayt oksijensizlik
solunum durmasina yol agmaktadir. Bu durumla Covid-19 siirecinde de siklikla karsilasilmistir.

Pulse oksimetre; atardamarlarda bulunan hemoglobinin farkli 151tk emilimlerini algilayarak
kandaki oksijen sattirasyonunu (SPO2) non-invaziv olarak 6lgcen bir yontemdir. Parmak ucunun
kizil6tesi (Infrared=IR) ve LED (Light Emited Diode) 151k kaynagi ile fotodiyottan olusan sensérin
arasina yerlestirilmesi ile 6lgiim yapilabilmektedir (Ates, 2012). Tlk olarak 1900’ lii yillarin baslarinda
non-invaziv olarak oksijen saturasyon Ol¢timleri yapilmistir. Squire 1940 yilinda el oksimetresini,
Millikan ise 1942 yilinda portable kulak oksimetresini gelistirmistir. 1970’li yillarda Takua Aoyagi nabiz
oksimetresinin kanin kizilotesi 1s1ga karst kirmizi 15181 nasil emdigi arasindaki farki fikrini ortaya
koymustur. Nabiz oksimetresi ve arterial hemoglobin oksijen satiirasyonunun (SpO2) oSl¢umd,
oksihemoglobin ve deoksihemoglobinin kirmizi 1sinlart ve kizil Stesi 1sinlart farklt oranda absorpsiyonu
ilkesine dayanmaktadir ( Aoyagi, 1992). Bu farkli oranlardaki 15tk sogurulmast Lambert-Beer kanunu
ile ifade edilmektedir (Ricci vd., 1994). Sekil 1’de dalga boyu absorbsiyon grafiginde gosterildigi gibi
kirmizt 660 nm ve kizilotesi 960 nm dalga boylarinda ki 1g1nlar damar tizerine gonderilerek hemoglobin
tarafindan emilim miktart degisimlerine bakilir. Deoksihemoglobinin kirmizi 15181, Oksihemoglobin ise
kiz1l Gtesi 1sinlart daha fazla absorbe eder. oksihemoglobin ytzdesi, kirmizi 1sikta absorpsiyon ylizdesi
kizil 6tesi 1stkta absorbsiyon yiizdesine oranlanarak bulunabilir (Emiralioglu ve Ozgelik, 2014).

! Mehmet Erhan Sahin, Ogr.Gér.Dr., Isparta Uygulamali Bilimler Universitesi, Biyomedikal Cihaz Teknolojileri Boliimii,
ethansahin@isparta.edu.tr
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Sekil 1. Dalgaboyu absorbsiyon grafigi (Hornberger Ch, 2002).

Vicuttaki oksijen satlirasyonu seviyesi; oksijen doygunluguna ulagsmis hemoglobin miktarini
ifade etmek icin kullanilir. Oksijence ytkseltilmis hemoglobin miktarinin toplam hemoglobine orant
oksijen yizdesini vermektedir. Saglikli bir insanda oksijen satlirasyon seviyesi %95 ile %100
arasindadir. Denklem 1’de verildigi gibi SpO2 degeri doygunluga ulasmis hemoglobinin toplam
hemoglobine orant seklinde bulunabilir (O'DriscoU vd.,2008).

HbO,
HbO, +Hb 100 @

Sp0; =

Gelistirilen 6lciin diizenegi temel olarak ti¢ kistmdan olugmaktadir. lk olarak pulse oksimetre
parmak probundan sinyal alma, ikinci olarak parmaktan alnan sinyali mikrodenetleyici yardimiyla
isleyerek oksijen miktarini elde etme, son olarak ise elde edilen 6l¢im sonucunu bluetooth modili
tzerinden Android isletim sistemli mobil cihazlara aktarmaktir. Kablosuz iletisimin gelismesi ve bir¢ok
alanda kullanilmasi ile oksijen miktarinin tespitinde kullanilmasi hipoksemi (kandaki oksijen seviyesi
fazla distiginde nefes darliginin ortaya ctkmasi) gibi hastaliklarin hem erken tanisinda hem de
teshisinde biiylik avantaj saglayacag: diisintilmektedir.

2. Materyal ve Metot
2.1. Pulse Oksimetre Probu

Pulse oksimetre probu Sekil 2’deki gorildiugu gibi iki adet 15tk kaynagt kirmizi ve IR LED ve
bir adet 151k dedektorii fotodiyotdan olusan algilayict sensériin arasina parmak ucunun yerlestirilmesi
ile 6l¢tim yapilmaktadir. Bu LED’ lerden sagilan 1s181n bir kismi damarlardaki hemoglobin tarafindan
absorbe edilir. Absorbe edilmeyen 1s1g1n miktart dalga boyuna uygun pulse oksimetre probundaki
fotodiyot tarafindan algilanir ve RS232 baglantis1 ile mikrodenetleyiciye veri aktarilarak gerekli
hesaplama islemlerinin ardindan SpO2 degeri elde edilir.
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Photodiode

Sekil 2. LED’ler ve fotodiyodun yerlesimi (Jahan , 2014).

Sekil 3 (a)’da 660nm dalga boyunda kirmizt LED ve 940nm dalga boyunda infrared LED, Sekil
3 (b)’de prob igerisindeki fotodiyot gosterilmistir.

—3

(2) (b)
Sekil 3. (a) Kirmizi ve IR LED’ler (b) Prob igerisindeki fotodiyot

Prob igerinde bulunana stk kaynagi ve sensorlerin disaridan gelebilecek olasi bir 1stktan
etkilenmemesi i¢in parmagin yerlestirildigi bu kisimda kauguktan yapilmis bir kilif bulunmaktadir. Bu
tasarimda 6l¢iim sonuglarinin hatalt olmasini engellemektedir.

2.2. Ol¢iim Sistemi Tasarunz

Sekil 4’de blok diyagrami gosterilen kandaki oksijen miktarinin 6lgiilmesinde; SpO2
probundan gelen sinyal Arduino mikrodenetleyicisi yardimiyla degerlendirilip hesaplanmistir.
Hesaplamalar sonucunda elde edilen oksijen miktar: tasarlanan prototip tizerinde ki LCD ekrandan
anlik olarak izlenebilmektedir. Projenin ana amact olan oksijen miktarinin mobil cihazdan izlenebilmesi
islemi i¢cin HC-06 bluetooth modult kullanilarak Android isletim sisteminde bir arayiiz tasarlanmistir.
Olgiilen oksijen degerinin anlik olarak Android cihazdan izlenebildigi gibi yapilan prototip iizerine
eklenen 16x2 LCD ekran ile de izlenebilmektedir. Bu araytzde cinsiyet ve yas kriterlerine gore oksijen
yuzdesinin “normal” veya “zayif” oldugu bilgisi kullaniciya verilmektedir. Ayrica Android araytiziinde
sigara kullanicilart i¢in akciger kapasitelerini arttirmalart amactyla nefes egzersizi ile ilgili calismalar da
bulunmaktadur.
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@- ARDUINO : .L .%

Sekil 4. Blok semast

Pulse oksimetrenin en 6nemli asamasi probda bulunan LED’lerin strtlmesidir. Sekil 5°de
gosterildigi tizere Arduino da saniye bazinda PWM dretip ilk olarak kirmizi LED 5V’luk bir gerilimle
250us yanacak ardindan sénecek ve 250us bekleyip yine 250us infrared LED yanacak ve ayni siire
sontik kalacaktir. Toplamda 1ms siirecek bu islem diizenli periyotlar halinde tekrarlanacaktir (Shafique,
2011, Reddy vd., 2009).

voLTS b
+ 1 ] 1 1 ]
1 1 1
cv |RLED |RLED | RLED | RLED :
ON | OFF | OFF | OFF 1 TIME
L 1 1 B
* 1 ] | I ] o
i i i i i
1 (] 1 ] ]
i ] i i i
1 1 1 1 1
+ 1 1 1 ] 1
— 1 — B 1 1
gy | 'R LED | IR LED| IR LED (IR LED| :
F, OFF | ON F 1 TIME
+ 0 250ps S500ps 750ps ims 2ms

Sekil 5. LED’lerin ¢alisacagi zaman periyodlart (Bagha and Shaw, 2011).

Probdan gelen sinyaller Arduino mikrodenetleyicisi tarafindan hesaplamalar yapilmaktadir.
Arduino agtk kaynakli elektronik donanim ve yazilim temelli bir gelistirme platformudur. Interaktif
nesneler gelistirmek i¢in kullanilabilir. Wiring tabanlt C, C++ a ¢ok yakin bir programlama dili ile
programlanir ve bu program Processing tabanli Arduino Yazihim Gelistirme Ortami (IDE) yardimu ile
karta ytiklenir. Arduino Uno ATmega328 islemci kullanan 16 MHz kristal osilatori ile ¢alismaktadir
(Badamasi, 2014).

Gergeklestirilen sistemde veriyi mobil sistemde aktarmak icin 6ncelikle bluetooth baglantisi
yapilmast gerekmektedir. Sekil 6’da gosterilen Android ara yuztinden “Bluetooth Modili Se¢”
sekmesinden bu yapilabilmektedir. Bluetooth; uluslararasi standartlara uygun bir telsiz iletim sistemidir.
Bluetooth ile bir¢ok cihaz yonetir ve kontrol edilebilir. Bluetooth cihazlart 2,4GHz ISM (Industrial
Scientific Medical Band) bandinda calisitlar (Sevin vd., 2013). HC-05 Bluetooth modiili, Bluetooth
SSP (Serial Port Standart) kullanimi ve kablosuz seri haberlesme uygulamalart icin tasarlanmustir.
Master veya Slave mod olarak 2,4GHz’de ¢alismaktadir (Bilgin ve Camurcu, 2017).

Sekil 7’de kullanilan tim donanim elemanlart ile birlikte Ol¢iim sistemi baglanti semast
gosterilmektedir.
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Sekil 7. Olgiim sistemi baglantt semast

3. Tartigma ve Sonug

Yapilan bu ¢alismada insanlarin kanindaki oksijen doygunlugu yiizdesi non-invaziv olarak
pulse oksimetre probu Arduino mikrodenetleyicisi kullanilarak 6lciliip bu deger ¢alismanin ana amact
olan mobil cihazlardan izlenebilmesi saglanmustir. Sekil 8’de oldugu gibi 6l¢iim sonuglart cihaz
tizeindeki LCD ekran tizerinde goriilebilmektedir.

91



Sahin, Mehmet Erhan; Mobil Cihazlardan Izlenebilen Pulse Oksimetre Cihaz1

Sekil 8. Ol¢iim sistemi gorintiisii

Sekil 9’de Android araytiziinde oldugu gibi mobil cihazda yas, cinsiyet gibi kriterler girilerek
elde edilen sonucun bu kriterlere gore normal veya zayif bilgisi kullanictya sunulmustur. Kullanicilar
surekli oksijen ylizdelerini takip edebilecek bu sayede hipoksemi, uyku apsesi veya kalp ritim bozuklugu
gibi hastaliklarin erken tani ve teshisi saglanmasina yardimct olunulacag: distintilmektedir.

Olgiim Ekrani
SP0O2 Yuzde 99

Sonost potos

NORMAL
Tekrar Olgim

ROON

Oksijen Hakkinda

Sekil 9. Android uygulama sonug ekrant
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Analysis and Assessment of Driving Behavior of Public Transportation Drivers
Using Machine Learning

Hiiseyin KURT

Hasan Hiiseyin CELIK

1. Introduction

Roads are parts of life and affect the lives of many people. Every year, about 1.35 million
people die because of road traffic accidents wortldwide according to reports of World Health
Organization (WHO). The number of deaths in a year is more than the population of about 80
countries. It is a very important subject to protect the human life. Road environment consists of many
parts like pedestrian, drivers, cars, public transportations, motorcycles etc. Importance of safety
increases because road environment is a large and complex system and its impact on human life is
great. Therefore, many disciplines are dealing with this like such as social sciences, health sciences,
law, etc. The main factor in road safety is drivers. Controlling the driver’ behavior on road leads to
decrease the deaths.

Many approaches have been developed to improve the driving behavior of drivers. Takeda et
al. (2012) developed Self-Coaching system review drivers’ own driving activities. They used Gaussian
Mixture Modelling (GMM) algorithm to identify safe or risky behavior for driving. After drivers used
proposed system, risky driving behavior of them reduced by half. Johnson and Trivedi (2011) used
Dynamic Time Warping algorithm with MIROAD system to recognize driving style. The system
provided that awareness of driver is increased for aggressive driving. Keeping the distance between
two vehicles is very important to avoid collision. Niezgoda, et al. (2015) studied about time to collision
(TTC). Svensson (1998) specifies relation between interdisciplinary for road safety theories. And
Svensson described severity using Time to Accident and speed values for safety process. Sun et al.
(2009) used machine learning and dynamical graphic to define driver behaviors. Rakotonirainy and
Tay (2004) developed a I-VAITS system that analyses real time data from environment, car and driver.
Bosse et al. (2008) developed a system used ambient agent-based model to assessment driver behavior.
The system works with the data that it periodically obtains from sensors, in abnormal steering and
throttle actions. Ericsson (2001) studied driving model to detect the main factor on emissions and
fuel-use. Speed, acceleration, engine speed and gear-changing parameters was used to build the driving
model. Oztiirk and Erzin (2012) developed a driving behavior prediction system. The system
performs temporal clustering with Hidden Markov Model (HMM). Qian et al. (2010) modeled human
driving behaviors using Support Vector Machine (SVM) algorithm. With the development of sensor

! Hiiseyin KURT, Arastirma Gorevlisi , Marmara Universitesi, Elektrik Elektronik Mithendisligi, huseyin kurt@marun.edu.t
2 Hasan Huseyin CELIK, Dr. Ogr. Uyesi, Marmara Universitesi, Elektrik Elektronik Muhendisligi, heelik@marmara.edu.tt
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technology, smartphones have been widely used in driving behavior analysis and assessment studies.
Eren et al. (2012) modeled a system that uses smartphone sensors without external sensors to detect
safe or risky behavior. They used Bayes Classification algorithm. Flach et al. (2011) designs and
implements CarMa (Car Mobile Assistant) system that senses to vehicle parameters. It provides high-
level abstractions. Hong et al. (2014) developed a model to detect the aggressive driving behaviors
using smartphone sensors. Imkamon et al. (2008) modeled a system to detect the unsafe driving
behavior using Fuzzy Logic method. Sensors of the system consists of three parts that are On-Board
Diagnostic II (OBD-II) reader, accelerometer and camera. Martinez et al. (2015) developed an
individualization driver assistance system to improve safety, security and comfort of the drive. They
used Extreme Artificial Learning Machine (ELM) method. Fazen et al. (2012) developed a model to
increase awareness of driver with real-time analysis. Android based smartphone sensors was used to
analyze driving behavior of driver. Van et al. (2013) studied driver’s acceleration, braking and turning
behavior. Zhang et al. (2012) studied driving status and driving behavior of driver. Bergasa et al. (2014)
studied acceleration, braking, turning, lane drifting and lane weaving behavior of driver. Dorr et al.
(2014) studied for behavior of driver with fuzz logic. Fazeen et al. (2012) studied driver behavior using
mobile phone accelerometer.

Public transportation driver affects to pedestrians, passengers, its vehicle and other vehicles
with its driving in road environment. Effects of the driver can be divided in to two groups according
to the danger it causes. The first group is pedestrians, the driver’s vehicle and other vehicles called
road and the second group is passengers. Passenger has two conditions to use public transportation,
which are comfort and safety. In the sum of these, public transportation driver should ensure the
passenger safety, passenger comfort and road safety. Analysis and assessment of passenger safety and
road safety is considered in this study. Section 2 describes the theory and features of the modeled
system. The system is designed and implemented in section 3. The results of analysis and assessment
of the system are discussed in section 4. Section 5 is the conclusion of the study with accuracy of the
modeled the system’s algorithm.

2. System Theory

The system has three steps, such as obtaining data from vehicle, evaluating the data and showing
the results to the driver.

Figure 1: General schematic of the modeled system.
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As seen in Figure 1, after obtaining the data in the driving of driver part, the evaluation of the data
consists of two parts. These are the detection of the risky driving and the scoring of the driver
depending on the frequency of the risky driving. Later, the driver was continuously warned about the
result of the evaluation via a screen. Electronic Control Unit (ECU) reader and accelerometer sensor
were used for obtaining the data from vehicle. Machine Learning algorithm was used to evaluate the
data and to detect the risky driving behavior. Results of the driving was used for increasing awareness
of driver in real time via application.

2.1.  Obtaining Data

Vehicle has a lot of electronic control parts. CAN communication protocol is used to
communicate with electronic control systems in vehicle. The connector is developed to monitor the
flow of data in vehicle by SAE J1962 standard. CAN high and CAN low pins of the connector used
to obtain the data from vehicle. CAN is low layer protocol. All data can be obtained from vehicle but
it is difficult to understand. Because each vehicle manufacturer codes according to its own demand.
Therefore, high layer protocols are developed to achieve common consensus such as OBD 11, J1939.
The high layer protocols have more understandable structure. OBD II standard has been developed
for cars which can be monitored and diagnosed problems occurred in car (Sawant and Mane, 2018).
SAE J1939 standard has been developed for communication and diagnosis electronic control units of
heavy-duty vehicles such as trucks and buses (Prasad et al, 2019). But the protocol supports a limited
data for studying on driving behaviour such as engine speed, vehicle speed, throttle position, engine
load. Therefore, low layer protocol (CAN protocol) was used in this study to obtain steering angle and
other data.

o

=z

Figure 2: Direction of axis on vehicle.

Harsh acceleration and deceleration cause very dangerous situations in traffic. Also, harsh
acceleration and deceleration has important knowledge of driver’s psychology. Therefore, harsh
movement is a very important parameter to evaluate the driving behaviour of the driver.
Accelerometer measures acceleration acting on it. This acceleration can be the static (gravity) or

dynamic (acceleration, deceleration). Output value of the accelerometer can be in 2 or g-Force.

Generally, g unit is used. If an object does not make any movement, 1 g will affect it on earth. Three-
axis accelerometer has gravitational acceleration on three axes such as x-axis, y-axis and z-axis. When
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the accelerometer stands parallel to the earth, all gravitational acceleration affects to z-axis. Three-axis

accelerometer sensor is widely used in automotive applications to measure driver’s harsh movement.

SAIE:

Figure 3: Stance of leg after oscillation.

Driver should ensure safety of passenger on bus. There are 18 degrees angle between human leg
and normal of earth for stand person (Tez and Kuscu, 2017). It is angle that can be resisted.
a=gtan18 (1)
The component of gravitational acceleration on the y-axis is calculated by the equation 1. It is
approximately 0.325¢g, which is the upper limit that can be resisted. When the acceleration is above
the limit, the person loses own control. The risky acceleration limit is considered to 0.2g for many
automotive applications such as airbag. Driver encounter pothole and bump on the road while driving.
Pothole and bump affect the driving quality of the driver. It causes lost the control of bus and injures
to passenger. Driver should drive the bus slowly while passing through the pothole and bump. There
are many algorithms developed to detect the pothole and bump such as Z-Thresh, STDEV(Z), Z-
DIFF and G-ZERO. Z-DIFF has higher accuracy than other (Mednis et al., 2011). Z-DIFF algorithm
is used in this study.

2.2.  Machine Learning Algorithm

Machine learning is the use of algorithm to evaluate the existing data, thus the realization of
learning by inferring from the data and then determining or predicting from the learned data. Machine
learning very important, when the data to be learned is implicit. There are many algorithms for training
of machine learning. Especially, Gaussian Mixture Model (GMM), Hidden Markov Model (HMM)
Bayes Classification, Random Forest and Support Vector Machine (SVM) are used for analyzing and
assessment driver’s driving behavior. As mentioned above, the stage of evaluating the driver in this
study consists of 2 steps. The first step is event detection in the driver's behavior as shown in figure
1. The second step is scoring to score the driver depending on the frequency of occurrence of the
detected events. Convolutional Neural Network (CNN), which is the classification algorithm of deep
neural networks, was used for event detection. In this way, it has been succeeded in determining which
risky behavior of the driver made in a certain period of time. During the scoring step of the driver,
the driving performance of the driver was scored using the Linear Regression algorithm.
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2.3. Increase Awareness of Driver

While driving, public transportation driver’s attention decreases over time. Therefore, driver
should be warned periodically in order to not lose control. Based on the assessment of machine
learning algorithm, the results should be shown to the driver. The result screen should have both the
event and score of the driver’s driving. The score is scaled between 0 to 100. The score is important
to encourage the driver.

3. Design and Implementation

The theoretical part of the system was explained in the previous section. In this section, it will be
mentioned about the system built using the theoretical part. The system is modelled due to the risk
behaviors causing accidents. The modeled system will be explained under two headings. These are the

variables of the model and the training the model.

3.1.  Variables of the Model

Correct selection of independent variables of the model is very important for training the model
and then evaluating the driver's driving. Driver's driving is classified the under 5 headings: Risky
Crossing Bump, Harsh Acceleration (acceleration and deceleration), Risky Maneuver, Risky Following
Distance and Good Driving. There is an acceleration sensor on the vehicle and an ECU reader that
read the data with CAN communication connected to the OBD socket of the vehicle.

Speed ‘
- Good Driving
Steering ‘
Angle ‘ Risky Crossing
) Bump
Distance ’ Event Horeh
Axi Detection . Acceleration
-Axis
> > o
Y-Axis ’ Maneuver
’ Risky Following
7-Axis » Distance

Figure 4: Step of Event Detection.

ECU reader obtains speed and steering angle and distance data from the vehicle. 3-Axis
accelerometer is on the vehicle. It measures the acceleration of the vehicle in the x-axis, y-axis and z-
axis. The frequency of the system is 50 Hz.

Freq G D Ep»
Freq R_C_B Ep»
Fre H A CP»
Freg R M P>

Freq R_F_D P>
Figure 5: Step of the Scoring.
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If a driver makes risky driving once in a long period, risky driving is not decided about the driver.
However, if the driver makes risky driving more than once in a short period, risky driving is decided
about the driver for passengers and road safety. For this reason, in this study, frequency of risky driving
is evaluated for the driver's and scored the driver. Dangerous drivers should be warned while driving
and the driver awareness should be increased by warning the driver about their risky driving. So, an
application has been developed to show the risky driving of the driver. In the application, the drivet's
score and the event related to risky driving were visualized.

3.2.  Training the Model

The samples of the events that were evaluated for the training of the model were obtained from
the modeled vehicle. Training set was created according to the relevant values. In the training of the
training set, CNN was used in event detection, which is first of two steps of the evaluation stage. CNN
are an algorithm of deep neural networks commonly used in picture classification. It classifies it with
the feature extraction method in the pictures and thus shows a very high success. This success used
to evaluate the driving performance of the driver by converting into matrix. First of all, as a result of
the data obtained in the system, 8-second data set clearly includes the event. The system frequency is
50 Hz. In other words, each study consists of a data set of 400 rows. Since the number of the data
read in the system is 6, the matrix consisting of 400 rows and 6 columns.

The data was normalized to make CNN work faster. In the system, unit of axial inputs (x, y and z

axis) is sz and range of the axial inputs are between 0 and 40. Speed value is between 0 and 120 kTm

And the rotation angle of the vehicle is between 0 and 48 degrees. These values scaled between 0 and
1. The average reaction time of a person is 2 seconds. When the following distance is calculated
according to this reaction time, the distance from head vehicle should be approximately half the value
of the vehicle in km/hour. When the following distance value is less than the value, risky behavior is
decided. In axial motion, accelerations that exceed 0.2g (approximately 2 m/second) are risky

accelerations.
Numbergyent

Fre = 2
Event Number aiigvents ( )
After the system determines the event with the knowledge above, the frequency for each of the 5
classes is calculated according to equation 2. Then, scoring was done using the trained model with

linear regression.

4. Results

The system trained with 50 samples including 10 Good Driving samples, 10 Harsh Acceleration
samples, 8 Risky Crossing Bump samples, 10 Risky Follow Distances samples and 12 Risky Maneuvers
samples. Although it is normally 400 rows of data, it will be difficult to show in this study. So, 250
data including the beginning and end of the event have been included. In order to see the data visually
more clearly, the normalization data was scaled from between 0 and 1 to between 0 and 100.
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Figure 6: Graph of the Harsh Acceleration.

Figure 6 shows the graphical form of the data belonging to the Harsh Acceleration. The yellow
line indicates speed. The blue line shows the acceleration on the x axis. When the speed starts to
increase, the acceleration decreases because direction of the x axis is negative. When the speed

decreases, the acceleration increases.
av
a=—@3
e

As seen in the formula 3, the acceleration changes proportionally to the change in speed.
CROSSING BUMP
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Figure 7: Graph of the Risky Crossing Bump.
In Figure 7, the data of the vehicle while passing over the bump are shown. Dark green with mark

indicates the Z axis. From the data between 120 and 140, it is understood that the vehicle passed
bumps, and high changes occurs in in that data range in the z-axis.
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FOLLOWING DISTANCE
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Figure 8: Graph of the Risky Following Distance.

In Figure 8, the data for the Risky Following Distance class is plotted. Light green indicates
distance, yellow indicates speed. Unlike other graphics here, as mentioned above, the following
distance should be half the speed value. So, to know more clearly, the velocity data is shown in the
graph by multiplying the actual value by two. In this way, places where the distance value is smaller
than the speed value can be decided that the driver is under risky following distance. In other words,
approximately 70 to 140 drivers followed the vehicle on the risky distance value.

MANEUVER
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Figure 9: Graph of the Risky Maneuver.

The data of the maneuvers of the driver, as seen in Figure 9, is plotted. Since there are both speed

and steering effects, there have been high changes in the x and y axes. The orange line shows the
acceleration on the y-axis. While approximately 130 to 160 vehicle was turning, there was a high
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acceleration value in the y-axis. At the same time, acceleration is observed in the x-axis with the change
in velocity.

GOOD DRIVING
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Figure 10: Graph of the Good Driving.

In Figure 10, the axial balance was maintained in the acceleration sensors despite the changes in
the speed and steering values of vehicle. And the driver ensured both road safety and passenger safety
and achieved a good driving.

# My Car Controlle - m] % My Car Controller — o X

EVENT : Harsh Acceleration

SCORE: 7238

Figure 11: Application for increasing awareness of the driver.

As can be seen in Figure 11, an application has been developed to warn the risky behaviors of the
driver. Continuous awareness of the driver was ensured with the application by showing the risky
behavior driver performed and driver’s score of overall driving performance.

5. Conclusion

Many people use public transport every day. It has a very active place in human life. For this
reason, it is an important factor in deaths. Reducing the risky behavior of public transport drivers will
significantly reduce the number of these deaths. In this study, dangerous behaviors of public transport
drivers were analyzed and assessment. The assessment process was done with a machine learning
algorithm. As a result of the training, 83% success was achieved. With the assessment, public transport
drivers were ensured to drive a safer driving.
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3D Yazici Teknolojisiyle Bio-Benzetim Robot El

Cosgun Aul Emre’

Girig

Bio-Benzetim Robot El (BBRE), biyo-mekatronik bir sistem olup giinimuizde teknolojinin hiz
kazanmasiyla poptlerlesmis teknolojik alt baslhiklardan birisi olmustur. 1980’ yillardan giniimiize
kadar robot kol, robot el konularinda yurt ici ve yurt diginda bircok calisma gerceklestirilmistir.
Ozellikle nesne kavrama, tastma ve birakma (Pick and Place) uygulamalarinda robotik sistemlerin
kesinlik arz etmesi ve givenlik unsurlarini Gizerinde barindirmast sebebiyle endustride, tiniversitelerde,
savunma sanayinde ve ginlik yasantimizda Bio-Benzetim Robot Elleri (BBRE) 6n plana ¢ikarmistir.
Bu sebeplerle, 3D baskt ile tiretimi gercekeslestirilen bir ¢ok robotik el mevcuttur. 3D bask: teknolojisi,
gelenceksel isleme gibi eksiltici tiretim metodolojilerinin aksine, 3D kat1 cisim model verilerinden
nesneler olusturmak icin malzemeleri birlestirme islemi olarak tanimlanan bir eklemeli Gretim stirecidir
(Bikas et al., 2016),(Duda & Raghavan, 2016). 3D baski teknolojisi ile karmastk ve sofistike parcalar,
hemen hemen hi¢ attk malzeme olusturulmadan kompozit ve sekil hafizasi gibi akillt malzemeler de
dahil olmak tzere ¢esitli malzemeler ile tretimi gerceklestirilebilir. Bu nedenle, 3D baski tasarimcilarin
ve mihendislerin benzersiz trtnler yaratmasina olanak saglayan, kisiye "tasarim 6zgirligi" sunan bir
teknolojidir, sekill.0’da 3D baskinin tasarimdan tiretim asamasina kadar gegen siire¢ verilmistir (Gul
et al., 2018). Saglik, havacilik, askeri, giinliik yasam, muhendislik gibi hemen hemen her sektérde 3D
tretim teknikleri kullanilmaktadir (Demir & Cosgun, 2019).

& B

3D Cad STL Slicing Layer Slices & 3D 3D
Model File Software Tool Path Printer Obiject
Sekill.0 3D baski streci

Bu ¢alismada 3boyutlu yazict ile basilimis ,nesne kavrama, tasima ve birakma 6zelliklerine sahip,
kullanict operatoriin parmak hareketlerini taklit eden ayni zamanda actk alanda uzun bir menzile sahip
olan bio-benzetim robot el’dir. Giyilebilir teknoloji olarakda degetlendirilebilen bu ¢alisma kimya
sanayinde, bomha imha robotlarinda, tehlikeli olabilecek proseslerde kullanilabilecek bir robotik trtin
oldugu dustnilmektedir.

Bu kapsamda gerceklestirilen literattr taramasi tablo halinde tablo1’de verilmistir.

I Aul Emte COSGUN, Dr, Aksaray Universitesi, Ortakoy M.Y.O., Mekatronik Bolimi, atilcosgun@gmail.com
Not: Bu ¢aligmamiz 2209 Tibitak 6grenci projesi tarafindan 2016-2017 yillar1 arasinda desteklenmistir.
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Tablol. Literatur dzet

Caligma igerigi Caligma Gorseli
& & | El iic parmaga sahiptir, her bir parmagin t¢ serbestlik derecesi
g & | ve dort kontrol kablosu vardir, 12 DC servo motordan olusan
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2 — | ve pnomatik aktliatérden olugan bir sistem kullanilarak
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g El, dort 6zdes parmaga ve avug ici igin ekstra serbestlige
< sahiptir. Her parmakta veri toplama, fir¢asiz DC motor kontroli
= ve noktadan noktaya seri iletisim icin FPGA vardir. Objelerin
3 iyi kavranma o6zelligi ile uzaktan calistirilma fonksiyonuna
2 sahiptir.
SH
UB Hand IV robot el islevsellik acisindan insan eline ¢cok yakin

R olarak tasarlanip tretilmistir.
O
S
S
=

5]
ge]

o

<

=

<) Bu ¢alismada, biyomimetrik robotik el ile farkli geometrik

S sekillere sahip nesnelerin kavramasi ve el taksonomisine dayali
%" cesitli dogal el duruslari ile maniptile etmek i¢in teleoperasyon
g yapilabilecegini basarilt bir sekilde gosterilmistir.

3

=

3

5

<3

% 3 boyutlu yazict ile 5 parmakli robot el iretilerek, hassas

N nesnelerin kavranmast i¢in kuvvet geri beslemesi ile bulanik

§ mantik kontrolcii tasarlanmistir ve nesnelerin kavranmasi icin
::j: basarili bir sekilde uygulanmustir.

3

A

Q

2

=
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Robot Elin Elektromekanik Yapisi

3D baskist gerceklestirilen robotik elin, teknik ¢izim ve baski dosyalarina agik kaynak erisime
sahip http://inmoov.fr/ adresinden ulagilmistir. 3D baskist icin PLA flament tetcih edilmigtir. Bio-
Benzetim Robot El calisimamizin resimleri Sekil2de verilmistir. Calismamizda 5 parmakli robot el
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kullanilmistir. Toplamda 17 serbestlik derecesine sahiptir. Isaret ve orta parmak ileri geri yonde hareke
gerceklestirebilen, her bir eklem yeri igin oynar baglant1 yapist bulunan tg serbestlik derecesine sahip
yapidadir. Yuzik ve serce parmaklar, avug i¢ kismina dogru kismen hareket edebilen dért’er serbestlik
derecesinde ve bas parmak ise kismen i¢e dogru hareketi ile birlikte ti¢ sebestlik derecesine sahiptir.
Herbir parmak uzuvlari, i¢ tarafindan misina ile bes adet servo motor millerine baglanmis, motorlarin
saga sola hareket ettirilmesi ile parmak hareketleri saglanmistir. Elin boyutu ve yapisi, insan eli ile

benzer yapidadir.

Sekil2.0 Bio-benzetim robot el ve esnek sensor kullanimi

Kullanici operatoriiniin parmak hareketleri esnek sensorler araciligiyla algilatilarak, Xbee
modulleri ile kablosuz bir sekilde bio-benzetim robot el’e aktarilarak robotun kontroll gergeklestirilmistir.
Sekil3’de Esnek sensor’lin gerilim bolici ile kullanimi verilmistir. Sistem yazihm calismalari agik kaynak
kodlu kontrolcii platformlari (Arduino, XCTU) ile bilgisayar (izerinden programlama yapilarak

gerceklestirilmistir.

|<
I!

1 J # Vout
Ry

VOLTAGE
DIVIDER

|

Sekil3.0 Esnek sensortin gerilim bolici ile kullanimi
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A Multi-Objective Multi-Period Mathematical Model for the Location Problem
of Temporary Emergency Treatment Facilities: A Case Study from Bakirkoy,
Istanbul

Nezir AYDIN'
Zeynep CETINKALE?

1. Introduction and literature review

The United Nations (UN) defines a disaster as "a serious distuption of the functioning of a
community or society involving widespread human, material, economic or environmental losses and
impacts, which exceeds the ability of the affected community or society to cope using its own
resources" (UN, 2021). Even though there is no way to prevent a sudden devastating incident, an
effective management approach enables to reduce fatalities, injuries and damages. Disaster
management deals with such extreme events mentioned above and aims to keep undesirable impacts
of disasters under control. It has four main pillars: mitigation, preparedness, response and recovery.
Mitigation and preparedness cover pre-disaster operations, in which proactive actions are taken to
eliminate or minimize the possible threats. Response and recovery phases indicate post-disaster

operations and deal with undesirable situations.

Turkey encountered many devastating earthquakes, yet the most fatal one occurred in the last half
of the century was the 1999 Marmara earthquake. According to the official records, it had a magnitude
of 7.8 on the Richter scale, and run down the functionality of the most developed and crowded part
of the country, killed 18,373 people, and affected more than 50 thousand lives severely. Besides, almost
350 thousand residences and facilities were crushed (BBC, 2019). According to several studies
addressed to the 1999 Marmara earthquake, demand surge was one of the most challenging problem
during the first 48 hours (Keskin & Kalemoglu, 2002; Bulut et al., 2005). Marmara earthquake victims
were suffered by the deficiency of responsive emergency services. For instance, approximately 20
percent of the admitted casualties were transported to another hospital after their first treatment due
to the capacity insufficiency. Further, a study done by Alkan et al. (2001) demonstrates that 3.9% of

the death was emerged while transporting rescued victims. To run successful response operations,

I Nezir Aydin, Assoc. Prof., Yildiz Technical University, Department of Industrial Engineering, nzraydin@yildiz.edu.tr
2 Zeynep Cetinkale, Yildiz Technical University, Department of Industrial Engineering, zevnepcetinkale@gmail.com
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healthcare services are expected to be rapidly accessible. Thus, temporary healthcare facilities have
critical role in mitigating the impact of calamitous events by supporting the existing hospitals in

capacity and decreasing the traveling time of casualties.

In last decades, the facility location problems related to humanitarian logistics are studied for the
Metropolitan city of Turkey, Istanbul. The related issue is taken into account by notable researches in
order to reduce the impact of the earthquake expected in Istanbul in near future. We briefly reviewed
facility location methodologies suggested for Istanbul earthquake plan. A two-stage multi objective
location problem methodology for relief material storage in pre-disaster and post-disaster stages is
suggested by (Gormez, Koksalan & Salman, 2011) for the city of Istanbul. (Salman & Yucel, 2015)
maximize expected demand covered for the placement of disaster response facilities. Similarly, (Renkli
& Duran, 2015) present a facility location model in term of storing relief commodities, and the
suggested model is applied to the European side of Istanbul. (Erbeyoglu & Bilge, 2020) provide a
case study on Anatolian Side of Istanbul. They present robust mix integer programming methodology.
Different than general relief material logistic problems, (Yenice & Samanlioglu, 2020) deal with the
logistics of shelters for Kadikoy, Istanbul while performing a multi-objective stochastic model. The
conducted model consists of three objectives: minimizing total distance, damage risk factor and unmet
demand. Bayram and Tansel (2015) and Bayram and Yaman (2018) propose mathematical
methodologies for locating shelter sites to minimize the evacuation time of casualties, and they
perform a case study for Istanbul. Different than deterministic modelling approach of (Bayram &
Tansel, 2015), (Bayram & Yaman, 2018) develop a two-stage stochastic optimization model. A mixed
integer programming methodology for shelter settlement in a district of Istanbul, Kartal, is provided
by (Kilci, Kara & Bozkaya, 2015). The single source capacitated facility location model maximizes the
minimum weight of candidate location. Independent and multiple utilization of operating shelters,
distance between candidate locations and destroyed districts, proximity of facilities to main roads and
hospitals are taken into consideration. (Ozbay, Cavus & Kara, 2019) take the same problem introduced
by (Kilci, Kara & Bozkaya, 2015) into account and develop a multi-stage optimization methodology.
They determine the location of shelters and victim allocation after the main and secondary shock of
an earthquake. 1999 Marmara earthquake is an instance for the cases where existing healthcare facilities
were insufficient in capacity due to the extraordinary patient influx. Facility location methodologies
for temporary medical services is suggested by (Yi & Ozdamar, 2007; Salman & Gul, 2014; Aydin,
2016; Oksuz & Satoglu, 2020). While (Yi & Ozdamar, 2007; Salman & Gul, 2014) present a real-life
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case study covering larger framework for Istanbul, Aydin (2016) and Oksuz and Satoglu (2020) suggest
two-stage stochastic optimization models for different districts of the city. Another stochastic
programming approach for emergency medical services in large-scale disasters is presented by Acar
and Kaya (2019). Diffrent than others, they suggest providing healthcare services by establishing

mobile hospitals.

The aim of our study is to enhance the responsiveness of post disaster operations for Bakirkoy,
Istanbul. We develop a multi-objective multi-period mixed integer programming model to determine
the appropriate number and location of temporary treatment facilities. Moreover, supplying medical
services to casualties with major and minor injuries under the capacity restrictions of both existing and
candidate temporary treatment facilities are considered. Sensitivity analysis is condicted in order to

reflect the unpredictable nature of disasters on capacity during the most acute period of post-disaster.

In this section, the general knowledge about disasters and a brief literature review are presented.
Problem definition, assumptions and model formulations are introduced by section 2. Section 3
presents a case study for an earthquake in a subdistrict of Istanbul, Bakirkoy. The conclusion of this

study and the statements about future research are given in section 4.

2. Problem definition and mathematical model

The system imitated in our study is described as follows. Injured victims are the entities of the
model, and they are classified into two different types in terms of their injury scores. Basically, victims
with serious injury are described as heavily wounded victims, and victims with minor injury are
described as slightly wounded victims. Entities have different attributes with respect to the resource
requirements. At the beginning of each time period, the state of the system changes in terms of new
arrivals, departures and the current available capacity. Victims arrive to healthcare facilities from
neighborhoods. The capacity of existing and temporary treatment facilities is determined by the
number of medical teams assigned. The number of medical teams remain the same, and they are
equally experienced. Another assumption is made based on the time spent by disaster victims at
healthcare facilities. We adopt the idea of (Salman & Gul, 2014), suggesting a value, distributed
between 0 and 1, for the departures in each period in order to reflect the average departure rate.
Herein, the release rate is assigned for heavily and slightly wounded victims separately rather than
conducting various service rate to medical service suppliers. It should be highlighted that the proposed

mathematical model is not allowed to remain unserved casualties with major injuries due to the great
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importance of on time intervention. On the other hand, victims with minor injuries do not require
medical examination in a timely manner, so our model is not restricted by a constraint which services
to all slightly wounded patients on time. In order to avoid underestimating hidden traumas, the

backordered demands of slightly wounded victims can be satisfied in farther time periods.
2.1. Mathematical model
Sets and Indexes
I,i : Set and index of sub-districts, i € [
E,e  :Setand index of existing hospitals (EH), e € E
I : Set and index of candidate temporary treatment facility, j € J

T,t,g :Time period, t,g€ T

Parameters
dis;e : District between sub-district I and existing hospital e

dis;; : District between sub-district { and candidate temporary treatment facility j

Wi: : Number of heavily wounded victims in sub-district i at the beginning of time period t
Vi¢  :Number of slightly wounded victims in sub-district i at the beginning of time period t
B : Unit capacity seized by heavily wounded victims in a period

a : Unit capacity seized by slightly wounded victims in a period

T™w : Release rate of heavily wounded victims in a period

(% : Release rate of slightly wounded victims in a period

ceh, :Initial capacity of PH e
ctf;  :Initial capacity of candidate temporary treatment facility j
Decision variables

yﬁ e :Number of heavily wounded victims sent to existing hospital e from sub-district i at the
beginning of time period t

it,:e : Number of slightly wounded victims sent to existing hospital e from sub-district i at the

beginning of time period t
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t

X;j  :Number of heavily wounded victims sent to temporary treatment facility j from sub-
district i at the beginning of period ¢
ult i Number of slightly wounded victims sent to temporary treatment facility j from sub-

district i at the beginning of time period ¢
oct fjt : Occupied capacity of temporary treatment facility j at the beginning of time period ¢
oceht : Occupied capacity of existing hospital e at the beginning of time period t
rt fjt : Released capacity of temporary treatment facility j at the beginning of time period ¢t
reht : Released capacity of existing hospital e at the beginning of time period t
c fjt : Available capacity of temporary treatment facility j at the beginning of time period t

cehl : Available capacity of existing hospital e at the beginning of time period ¢

. {1, if temporary treatment facility j is allowed to be open

% 0, otherwise
Formulation
Minimize
T 1 E T o1 J
fi= Z Z Z diShi.e(J’it,e + Ti?e) + Z z z diSti,j(xit’j + ultj) (obj1)
t=1i=1e=1 t=1i=1 j=1
J
f2= C"“Z % (0bj2)
j=1

E
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I
Z(ﬁxitj +aui;) =octff, Vj€J, VteT (4)
i=1

1
Z(,Byit_e +arf,) = ocehl, Ve€E, VteT (5)
i=1

It

Z Bxlirw (1 —rw)9 + aulrv (1 —rv) 9 = rtff*,vje], VteT-1 (6)

i=1 g=1

~

B

Byirw (1l —rw)t 9 +arfrv(1—rv)t~9 =rehi*',vee E, VteT—-1 (7)

i=1 g=1

cff*™t = cff —octff +reff*,  vjej, vteT-1 (8)
ceht™ = cehl — ocehi™ + rehltl,ve € E, VteT -1 9
cf = ojctf;, Vj€], (10)
cehl = icp,, Ve € E, (11)
octff <ojctf;, Vj€J, VteET (12)
ocehl < icpe, Ve€E, VteT (13)
o; €{1,0}, vj€e] (14)

YieTie X ufj octff,ocehl, rtff,rehl, cff,cpt = O,Vi€l, Vj€],Ve €E, Vt €T (15)

The objective functions of the proposed bi-objective mathematical model provide the appropriate
locations for temporary treatment facilities by minimizing the total travel time of heavily and slsightly
wounded victims (04/7) and the cost of opening temporary treatment facilities (0472). Constraints in
(1) guarantee that all heavily wounded victims are allocated to healthcare facilities on time. Constraints
in (2) allow delay in demand satisfaction for slightly wounded victims. Constraints in (3) prevent any
facility serve slightly wounded victims before demand occur. Constraint in (4) and (5) calculate the
capacity unit occupied by disaster victims at existing hospitals and temporary treatment facilities. In
contrast, the capacity unit released by heavily and slightly wounded victims are calculated by
constraints in (6) and (7). Constraints in (8) and (9) update the available capacity of healthcare facilities.
Constraints in (10) are used to assign the initial capacity of a temporary treatment facilities if it is

selected. Constraints in (11) assign the initial capacity of existing hospitals. Constraints in (12) and
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(13) are capacity restrictions. Constraints in (14) state that the decision of opening temporary treatment
facilities is a binary assignment. Constraints in (15) are non-negativity constraints. We want to highlight
that integrity constraint is not applied decision variables due to the fact that the parameter, called exit

ratio, causes rational updates on capacity.

3. Computational studies and results for Bakirkoy, Istanbul Case

3.1. Data collection

In this section, an earthquake case study with the data of Bakirkoy, Istanbul is used to test the
applicability of the proposed mathematical model. Briefly, Bakirkoy is one of the 39 districts of
Istanbul, Turkey. Its surface area is 5,313 square kilometers, and it has 15 neighborhoods with
approximately 221,000 residents (Karabacak, 2018; IMM & BU-KOERI, 2020). The official
neighborhood authority departments are considered as the center of each neighborhood. We assume
that six existing hospital will be operating aftermath of an earthquake at Bakirkoy. The limited capacity
of existing hospitals can be extended by establishing temporary healthcare facilities. Regarding the
location advantages of emergency assembly points of Bakirkoy (Bakirkoy Manucipality, 2019), we
select 32 appropriate candidate location for temporary treatment facilities. The distances between
neighborhoods and healthcare facilities are gathered from Google Maps (Google Maps, 2020). Medical
teams are the resources of existing hospitals and temporary healthcare facilities. The number of
medical team at emergency units is identified according to the minimum standard rule of emergency
services, given by the MoH of Turkey (MoH Turkey, 2018). Herein, we assume that five medical teams
will be assigned to temporary treatment facilities. According to (Ciplak, 2007), we assume that a
medical team has nine-unit capacity. A slightly wounded victim only seizes one-unit capacity; on the
other hand, a heavily wounded victim seizes three-unit of the capacity. In the earthquake hazard and
risk assessment of Bakirkoy IMM & BU-KOERI, 2020), the potential damages and losses aftermath
of an earthquake is projected by considering the latest earthquake hazard information, current
population, building and infrastructure inventories. Accordingly, 581 heavily wounded casualties,
4,601 slightly wounded casualties and 2,701 hospitalization are expected in the worst earthquake
scenario. The set of time periods is defined as 24 intervals, corresponding to the first 72 hours
aftermath of a disaster. Considering the data of large-scale earthquakes recorded in Turkey (Kurt et
al., 2001; Bulut et al., 2005; Keskin & Kalemoglu, 2005; Dursun, Gormeli & Gormeli, 2012; AFAD,
2020), we perform Monte Carlo Simulation to generate the number of injured victims arrived in each

time period.
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3.2. Results

In this section, the results for both single-objective and multi-objective versions of the proposed
mathematical programming model developed to select the location of temporary treatment facilities
in Bakirkoy/Istanbul are provided. Mathematical models are programmed by using GAMS, and the
MIP are solved by using CPLEX.

Single objective version of the proposed mathematical model

First and foremost, we analyze the single-objective version of the proposed mathematical
model. We only consider the first objective function (04/7) and disregard the second objective function

(0by2). Further, we add the constraints in (16) as follows.

J
EX (16)
j=1

Herein, q is the total number of temporary treatment facility allowed to be opened. Please note
that an un-capacitated artificial hospital which is located outside Bakirkoy are introduced and the
distance between this hospital and any neighborhood are set to a large number. We generate six
scenarios where the release rate of heavily and slightly wounded victims are varied. Besides, the total
number of temporary treatment facility allowed to be opened is set 1 to 32 for each of these scenarios.
Figure 1 represents that when eight or more facilities are opened in all scenarios, the improvement in
total distance travelled by injuried victims got slower. Also, it is demonstrated that no improvement
is attained in the total distance travelled after a certain number of temporary treatment facilities are

open.
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Figure 1: Objective function value under different scenarios

Table 1 demonstrates that the optimal solution of each generated scenario. Herein, it is seen that as

the objective function value decreases, the utilization of existing hospitals decreases as well.

Table 1: The optimal solution of each generated scenario

Number of opened TTF  Objective Function value Hospital utilization

rw-0.6 rv-0.8 28 7565,299519 66%
rw-0.6 rv-0.9 28 7503,696516 65%
rw-0.7 rv-0.8 26 7408,87182 62%
rw-0.7 rv-0.9 26 7352,079103 60%
rw-0.8 rv-0.8 21 7292,597517 58%
rw-0.8 rv-0.9 24 7222,773502 56%

TTF: Temporary treatment facility

Bi-objective version of the proposed mathematical model

In the previous section, we only consider the distance minimization and disregard cost-driven
function whereas the budget will be a significant parameter in real-life. In this section, we represent

the results and analysis of multi-objective, multi-period mix integer mathematical programming model.
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In this approach, we adapt the weighted-sum method, where the results provide the decision makers
various choices related to the appropriate number and location of temporary emergency units by
considering trade-off between two conflicting objective functions. In this part, we assume that the
opening cost of the temporary field hospitals is $10,000 (85,000 Turkish Liras). In the base case, where
the weight of first and second objective functions are assigned as 0.5 and 0.5, six temporary treatment
facility are established. In particular, the locations are selected at the neighborhoods called Atakoy 1.
kisim, Atakoy 7-8-9-10. kisim, Kartaltepe, Osmaniye and Senlikkoy. In this case 441 heavily wounded
patients, corresponding to 6% of total number of injured victims, are sent to dummy hospitals.

Besides, the capacity of existing hospitals at Bakirkoy are utilized 100%.

4. Conclusion

The latest earthquakes, Aegean (2020) and Elazig (2020) Earthquakes, which left 119 and 41 dead
and thousands of affected people behind respectively, in Turkey has been an important reminder for
the awaited Istanbul earthquake. Our motivation in this study is to improve medical response
operations aftermath of a disaster. Khayal et al. (2015) state that the models conducted based on short
distribution terms provide more effective plans for emergency response phase. In particular, we focus
on the term containing the most chaotic patient circulation, which leads rapid changes in demand and
supply capacity. In this study, we provide a multi-objective, multi-period mix integer mathematical
programming model to determine the number and location of temporary treatment facilities.
Specifically, the suggested model considers the distance travelled by infected patients (1) and the cost
of opening temporary treatment facilities. First, we analyze the results of single-objective mathematical
model, and then we introduce the outputs of multi-objective optimization model. The performance
of the suggested mathematical model is analyzed with a case study based on the data of Bakirkoy
Istanbul, Turkey.
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Girig

Tiketimin hizla arttigs ve kuresellesmenin fiziki sinirlari astigt ginimuizde mal ve hizmet
sunuculart kar edebilmek ve varliklarint sirdiirebilmek icin ¢ok ciddi bir rekabet savast vermektedir.
Rekabet edebilmek i¢in ise sermaye yapilart giicli olmali, kaynaklarini etkin ve verimli bir sekilde
kullanabilmeli, musteri taleplerine kaliteli, yenilik¢i triin ve hizmetlerle hizli bir sekilde cevap
verebilmeliditler. Herhangi bir durus, ariza, bakim veya talebin kapasiteden fazla olmasi gibi bir
nedenden dolayt musteri taleplerine cevap veremediklerinde ve talebin Gtelenemedigi durumlarda
musteriyi kaybetme riski s6z konusudur. Bu yiizden ya stok tutmalilar ya da dogru isbirlikleri yaparak
bu riski bertaraf etmeliditler.

Kayip satis riskini ve musteriyi kaybetme riskini azaltmaya galisan isletmeler genelde ikili
isbirlikleri yapmaktadirlar. Yapilan bu ikili isbirlikleri ¢ikar catismalart veya aynt donemde ariza, durus
gibi nedenlerden dolayt etkinligini kaybedebilmektedir. Dagittk Karar Verme yonteminde ise,
birbirinden bagimsiz olan isletmeler bireysel ve ortak amag ve faydalarint gerceklestirmek tizere ortak
bir ag yapisi icinde bir arada bulunurlar. Dagittk Karar Verme (DKV) ortak amaglart nedeniyle
birbirinden bagimsiz karar vericileri bir araya getiren, karsilikli fayda saglayan kararlarin tasarimi ve
koordinasyonu olarak tanimlanabilir (Schneeweiss, 2003).

Tibbi atiklar ¢esitli bulasict hastaliklarin  yayilmasina, enfeksiyona dayalt hastaliklarin
olusmasina ve bunlardan bagka cesitli fiziksel ve kimyasal hasarlara yol agabilen atiklar olup, toplum
ve gevre sagligt icin uygun bir yontemle bertaraf edilmesi gereken son derece 6nemli bir atik taradar.
Bertaraf edilmeyen atiklarin insan ve gevre sagligi acisindan biyik riskleri oldugu igin, tibbi atik
bertaraf tesislerinin kendisine gelen tim atiklart bertaraf etme yukimliligia Tibbi Atiklarin Kontroli
Yonetmeligi’ nde belirtilmistir.

Covid-19 pandemisi nedeniyle yalniz saglik kuruluslarinda degil glinliik hayatin her aninda tibbi
atik dretilmektedir. Kullanilan maske, eldiven, koruyucu kiyafet ve donanimlar dogrudan viriis ile
temas riski tagimakta ve toplanip, uygun yontemle bertaraf edilmediginde ¢ok ciddi sonuglara yol
acabilmektedir. Tim bu risklerden dolay1 tibbi atiklarin uygun bertaraf yontemi ile miimkiin olan en
kisa stirede bertaraf edilmesi son derece 6nemlidir.
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Tibbi atik isleme tesisleri herhangi bir ariza, durus, bakim ¢alismasi ya da talebin kapasiteyi
asabilecegi pandemi donemi gibi durumlarda atiklarini bireysel isbirligi yaptigi baska bir tesise
gonderebilmektedir. Ancak hali hazirda yaptiklar ikili isbirlikleri ¢ogu zaman toplam talebe cevap
verebilse de, yapilan bu galisma ve 6nerilen ag modeli ile daha etkin kapasite-talep paylasimt yapilarak
talep karsilama oranlart ve kapasite kullanim oranlarindaki degisiklikler analiz edilmistir.

Literatiir Taramasi

Covid-19 pandemisi 6ncesine kadar saglik kuruluglarinda tretilen tibbi atiklar, pandemi ile
birlikte hayatin her alaninda uretilir hale gelmistir. Tibbi atiklart toplama, tagima ve uygun yontemle
bertaraf etme gorevi belediyelerin yukimltliginde olup, belediyeler bu 6devi kendisi yapabilecegi gibi
lisans ve diger yikimliliklerini yerine getiren bir isletme vasitastyla da yaptirabilir.

Ulkemizde ve diinyada iiretilen tibbi atik miktarlart yillara gore artis géstermekte ve 6zellikle
pandemi déneminde atik miktarlarinin kullanilan koruyucu ekipman ve Covid-19 virtisii nedeniyle
hastaneye yatan hasta sayisindaki artisa baglt olarak daha da cok artacagt distiniilmektedir. TUIK
verilerine gore tlkemizdeki toplam tibbi atik miktarlar ile ilgili en son veri 2019 yilina ait olup Tablo
1’ de verilmistir. Tlerleyen raporlama dénemlerinde bu etkiyi daha net gérme imkant olacaktir.

Tablo 1: Tibbi atik miktari (Tibbi Atik Istatistikleri, TUTK, 2020)

Tibbi atik miktar (kg)
Yillar 2012 2014 2016 2017 2018 2019
Toplam | 68.928.799 | 74.495.046 | 81.024.269 | 85.986.804 | 89.454.403 | 90.920.082

Tibbi atik bertaraf tesisine gelen atik talep olarak tanimlandiginda, talebin mutlaka karsilanmast
yani bertaraf edilerek insan ve ¢evre sagligi agisindan zararsiz hale getirilmesi gerekmektedir. Tibbi atik
bertarafinda tilkemizde yaygin olarak kullanilan yontemler yakma, sterilizasyon ve dizenli depolama
seklindedir. 2019 yili itibariyle tilkemizde 60 adet sterilizasyon tesisi bulunmaktadir (Delioglan, 2019)

Kigtk, (2013) uygun bertaraf yontemi ve teknolojilerini karsilastirarak bunlarin finansal
boyutlarini ele almis, bertaraf tesisi maliyetleri ve bertaraf ticretlerini karsilastirmali olarak sunmustur.

Giivez, Dege ve Eren (2012) calismalarinda Kirikkale ilinde faaliyet gosteren tibbi atik bertaraf
tesisi isletmesi icin atiklarin kaynagindan toplanmasina yonelik bir arag rotalama problemi tzerine
calismuslardir.

Varinca, Esmen ve Avsar ( 2011) ise Sakarya’ da inga edilen ve Bolu ve Duzce ile bitlikte t¢
ilin tibbi atiklarint bertaraf eden tesisin toplama, tasima ve bertaraf adimlarini analiz etmislerdir. Birim
attk bagina diisen bertaraf maliyetinin, o ildeki attk miktart az oldugunda artacagini ve Sakarya’ da
kurulan bu tesis ve diger illerle olusturulan birliktelik ile sistemin sturdirilebilirliginin olumlu yonde
etkilenecegini belirtmislerdir.

Tibbi atik tesisleri bertaraf ettigi atigin tehlikeli olmasi nedeniyle stok tutma gibi bir politika
benimseyememekte ve yonetmelikte de bu duruma iliskin zaruri durumlarda en fazla bir haftalik atigin
depolanabilecegi belirtilmektedir (T1bbi Atiklarin Kontroli Yonetmeligi, 2017).
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Tibbi atik bertaraf tesislerinde bir haftayr gecen ariza, bakim ya da durus olmast durumunda
atiklarini en yakin ve kapasitesi uygun olan bagka bir tesise gondermesi gerekmektedir. Ayni1 sekilde
cografi uygunsuzluk ya da kapasitenin yetmedigi durumlarda da atigin génderilecegi ilin il mudurliga
ve mahalli ¢cevre kurulunun onayi ile birlikte ilgili belediye ile s6zlesme yapilmast gerekmektedir (Ttbbi
Atiklarin Kontroli Yénetmeligi, 2017).

Bu calisma kapsaminda atiklarin bertaraf edilemedigi yani talebin karsilanamadigi durumlarda,
atigin gonderilmesi gereken tesisin belitflenmesi i¢in 6nerilen isbirlik¢i ag yapisinda talep ve kapasite
paylasim kararlart Dagittk Karar Verme yontemi ile modellenerek karsilanamayan talep sorunu
olustugunda alinacak kararlar optimize edilmeye ¢alisilmustir.

DKYV organizasyon i¢indeki karar alma streclerinde hiyerarsik yapiya uygunlugundan dolay1
kullanildigr gibi, birbirinden bagimsiz isletmeler tarafindan kapasite-talep paylasimi gibi kararlarin
alinmast sureglerinde de kullanilmaktadir. Bu stireglerdeki kararlar ¢ogu zaman birbiri ile rekabet
ederler ve bu sayede optimum denge noktasina ulasmaya ¢alisirlar. Bu noktada 6nemli olan konular
bilginin durumu ve ag yapisinin homojen ya da heterojen olmasidir.

Ag yapisindaki tyelerin hepsi ayni derecede bilgiye sahipse bu yapida bilgi simetrisinden
bahsedilebilir. Bu ag yapisinda merkezde bir karar verici yoktur ve sistem alt sistemler araciligiyla karar
verir. Bilgiye sahip olma durumunun tiim tyeler icin esit seviyede olmadigt durumda bilgi asimetrisi
s6z konusudur ve burada birden fazla karar verici ¢esitli miizakere ve pazarliklar yolu ile karar vererek
denge kurulmaya calisilir (Schneeweiss, 2003).

Yoon ve Nof (2010) ¢alismasinda isbirlikei aglarda koordinasyonun saglanmast ve isbirliginin
artirtlmast konusunda bilgi paylasiminin 6nemli rol oynadigint belirtmistir. Ayrica ag yapisina tye
kuruluslarin birbitlerine karst kontrol glicti yoktur. Bu kuruluslar kendi amaglarini gerceklestirirken
aynt zamanda talep ve kapasite paylasim kararlari ile birlikte karsilikli fayday1 da saglatlar.

Isbirlikci ag yapisinin homojen ya da heterojen olmast amaglarin gerceklestirilmesinde farkls
etkilere sahip olmasindan dolay: 6nemlidir. Homojen ag yapisinda tiyelerin hepsinin ayni 6zelliklere ve
kaynak yapisina sahip olmasi durumu varken, heterojen ag yapisinda tyelerden birinin farkl bir 6zellik
veya farklt bir kaynak yapisina sahip olmast durumu vardir. (Schleich ve digerleri, 2017).

Metodoloji
Olusturulan matematiksel model i¢in varsayimlar su sekildedir;

- Tibbi Atklarin Kontrolii Yonetmeligi geregi tim talepler karsilanmalidir.

- Ag yapisina Uye tesislerin ariza ya da durus siklik ve siirelerine ait gercek verilere ulasilamadig
icin ariza orant % 5 ve altinda olarak hesaplamalar yapilmustir.

- Anza durum ve c¢alisma periyotlart gin saydart uniform dagiim kullanidarak rastgele
olusturulmustur. Modelde ele alinan stire¢ toplam 342 giinlik olup, yaklasik olarak bir yillik
calisma dénemidir.

- Tesisler arasi atigin tasinmast maliyeti tur sayisina gore yapilmustir.

Model ag yapisinin olmadigi durum ve bununla beraber G¢ farkli ag yapist bertaraf ticreti geliri iceren
senaryolar icin calistirtlmistir. Senaryolar su sekildedir;
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Senaryo A: Kapasitesini paylasan tesisler, durus yasayan ve talebini karsilayamayan tesislerin taleplerini
Uye tesislerin bertaraf Ucretlerinin aritmetik ortalamasi olarak beliflenen bir rakam tizerinden
isleyeceklerdir.

Senaryo B: Kapasitesini paylasan tesisler, durus yasayan ve talebini karsilayamayan tesislerin taleplerini
kendi bertaraf ticretlerine 0,5 pbr/kg ilave ticret alarak isleyeceklerdir.

Senaryo C: Kapasitesini paylasan tesisler, durus yasayan ve talebini karsilayamayan tesislerin taleplerini
kendi bertaraf tcretleri tizerinden fiyatla isleyeceklerdir.

Modelde kullanilan indisler, parametreler ve karar degiskenleri asagidaki gibidir:

Indisler:

i : Talepler (1,2,..,7)

J : Tesisler (1,2,..,7)

t : Zaman dilimleri (periyotlar) (1,2,...,50)
Parametreler:

D, : 7 sehrinin 7 periyodundaki giinliik talep miktart

KT,  :jtesisinin # periyodundaki giinltik teorik kapasitesi
7 : / tesisinin # periyodunda ¢alisma durumu ( rastgele tretilmis deger)
K : / tesisinin # periyodundaki gunliik fiili kapasitesi

MSF; :ivejsehitleri arast mesafe

Cy : 7ve j sehirleri arast tur maliyeti

R : Buytk bir say1

ml;  :jtesisinin kendi talebini karsilarken elde ettigi birim gelir

m2 : Tesise bagka tesisten gelen talebi isleme birim geliri

m3 : Talebini karsilayamayan tesisin talebi gonderme ag birim maliyeti

Karar degiskenleri:

Xijs : / tesisinin # periyodundaki isledigi kendine ait talebin glinlitk miktar:

g 7 sehrinin bagka tesise gonderilmesi gereken 7 periyodundaki karsilanamayan talebin gunlitk
miktari

F. : / tesisi # periyodu fazla kapasitesi

aby, : 7 sehrinin 7 periyodundaki karsilanamayan atik talebi

Sa;s : J tesisine # periyodunda baska tesisten gelen attk miktart
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X¥y. 7 sehrinin karsilanamayan talebinin, ; tesisine 7 periyodunda gonderilen dagitilmus atik
miktart

E;, : J tesisinin 7 periyodundaki diger tesislerden gelen atiklari isledikten sonra kalan kapasitesi

Vijr : Z sehrinin ; tesisine # periyodundaki tesis atama karart

xdy;; 7 sehrinin karsilanamayan talebinin ; tesisine 7 periyodunda gdnderdigi, dagitilmis atigin

tesise atama karart
tur;;  :ivejsehirleri arast toplam arag tur sayist

Modelde (1) numarali ifade ama¢ fonksiyonudur ve sistemdeki tesislerin gelirlerini, ag icinde
transfer edilen atiklardan elde ettikleri geliri ve transfer edilen atiklar icin ag kullanim maliyeti ile tasima
maliyetini gostermektedir. (2) numarali kisit kapasite, (3) numarali kisit tesisin ¢alismast durumunda
atgint kendisinin bertaraf edecegini gbsteren atama kisit olup, (4) numaralt kisitla fazla kapasite
hesaplanmaktadir. (5) numarali kisit kendi atigini isleyecek tesis icin gunlik islem miktarini, (6)
numarali kisit ariza durumunda génderilmesi gereken gunliik talep miktarini, (7) numarali kisitta bunun
baska bir tesise gonderilmesi gerektigini tayin eder. (8) numarali kisit baska tesise gonderilmesi gereken
karsilanamayan talebin, kapasite fazlasi olan tesislerin kapasitesinden kiigiik olmast gerektigini ifade
eder. (9) ve (10) numarali kisit arizalt tesislerin karsilanamayan taleplerini ve gondermesi gereken atik
miktarlarinin ne kadar oldugunu tayin eder. Kisit (11) karsilanamayan taleplerin, fazla kapasitesi olan
tesislerden hangisine génderilebilecegini (dagitik talebi), kisit (12) ise bunun atama kararini gosterir.
(13) numarali kisit karsilanamayan talebin sadece tek bir tesise gonderilebilecegini yani talebin
bélinemeyecegini ifade eder. (14) numarali kisit ise galisir durumda olan ve kapasitesini paylasan
tesislere gunliik gelen dagitik talep miktarini gosterir.

Matematiksel model asagidaki gibidir;

7
letcg + ml + ZZ gajtcgtmz izat}tcgth i ituﬁjcij (1)

i=1 j=1t=1 j=1 t=1 i=1 t=1 i=li=]j j=li#]

(i Xijt]_'_ Fi <Ky, vjit ©)

>33V =1 Vi, j,t;ng>0 3)

Fie =Ky - 7 Vi D Vt,i=] (4)
=

X <RV, Vi, j,t ®)

Y9 = D Vi, jt ng <1 ©)

Y;: < Rvy, Vi# j,t @
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Deneysel Sonuglarin Yorumlanmasi

Tesisler % 5 ve altinda ariza ve durus olasihigina gére Tablo 2’ de verilen giin sayist kadar durus
yasamistir.

Tablo 2: Toplam Gun ve Arizali-Durus Giin Sayilart

Tesi Arizali-Durus Toplam Giin
esis -
Giin Sayist Sayist

1 14 342

2 11 342

3 5 342

4 22 342

5 34 342

6 7 342

7 26 342

Onerilen isbirlikci ag yapist ve DKV yontemi ile elde edilen talep karsilama oranlari tesisler bazinda
Sekil 1”7 deki gibi ag yapist ile birlikte tiim talepler karsilanmakta ve toplum ve ¢evre sagligt icin risk
teskil eden bu atiklarin hepsi bertaraf edilmektedir.
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I ] II Ag Modelsiz Talep Kargilama Oram
Il Ag Modelli Talep Karsilama Orani
0,85
0.8

Tesis-1 Tesis-2 Tesis-3 Tesis-4 Tesis-5 Tesis-6 Tesis-7

Tesisler

o
w0
[S1]

Talep Kargsilama Oram
o
©

Sekil 1: Tesislerin Talep Karsilama Oranlart

Sistemin toplam gelirine bakildiginda, B senaryosuna gore sistemin toplam geliri A ve C
senaryosuna gore daha fazladir. Bunun sebebi ise kapasitesini paylasan ve digsaridan atig1 kabul eden
tesisin kendi bertaraf ticretine ilaveten 0,5 pbr/kg fazla tcretle atik islemesinden kaynaklanmaktadir.
Tablo 3’ te para birim cinsinden degetleri verilmistir.

Tablo 3: Senaryolara gére gelir miktarlart (1000 pbr)

t=1,2...,50 Senaryo A Senaryo B Senaryo C

Ariza-durus olasiligt < % 5 19.214 PBr 19.400 PBr 19.251 PBr

Siirecin tamaminda tesislerin kapasite kullanim oranlart Sekil 2° de gosterilmistir. 2, 5 ve 7
numarali tesislerin kapasite kullanim oranlari ag modelsiz durum ve diger ti¢ senaryo i¢in aynt ¢tkmustir.
2ve 5 numarali tesisler i¢in bunun nedeni kurulu teorik kapasitelerinin diger tesislere gére disiik olmast
ve kendilerine yetecek kadar kapasiteye sahip olmasindan kaynaklanmaktadir. Bundan dolay1 aktif
calistig1 giinlerde bile kapasite paylasimi yapamamustir. 7 numaralt tesisin fazla kapasitesi vardir ancak
bu tesisin diger tesislere olan mesafesinden dolay1 olusan tasima maliyeti yiksek oldugundan dolay:
tercih edilmedigi gorilmistur.

1, 3, 4 ve 6 numarali tesisler farkli senaryolara gére farkli oranda kapasite paylasarak, kapasite
kullanim oranlarint artirmiglar, durus yasayan tesislerin talebini karsilamislar ve ekstra gelir elde
etmislerdir.
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Sekil 2: Tesislerin Ortalama Kapasite Kullanim Oranlart
Periyotlar boyunca tesislerin bireysel kapasiteleri ise Sekil 3’ te verilmistir. 1 numaralt tesis
Senaryo B’ ye gore daha fazla tercih edilmis, sebebinin ise diger tesislere kiyasla bertaraf ticretinin
yuksek ve mesafesinin uygun oldugu gorilmustiir. 2 ve 5 numarali tesislerin kapasitesi diger tesislerin
karsilanamayan talebine yetmedigi icin kapasite paylasimit yapamamuslardir.

3 numaral tesisin en yiiksek kapasite kullanim oranina Senaryo A’ da ulastigr gérilmektedir.
Bu senaryoda ortalama fiyat kullanilmasi, fazla kapasitesinin yiiksek olmast ve cografi olarak diger
tesislere mesafesinin yakin olmast tercih edilme sebebi olarak gosterilebilir.

4 numarali tesis Senaryo A’ ya gore en yiksek kapasite kullanim oranina ulasmis
gorunmektedir. Bu zaman dilimlerinde karsilanamayan taleplerin gidebilecegi fazla kapasitesi olan tesis
oldugu soylenebilir.

6 numarali tesis Senaryo B ve Senaryo C’ ye gore kapasite kullanim oraninda belirli periyotlarda
artts yasamustir. Bu tesisin diger tesislerle olan mesafesi fazla olmasina ragmen, kurulu kapasitesi yiiksek
ve kapasite paylasimi yapabilecek durumda olmasindan kaynaklanmaktadir.

7 numarali tesisin mesafe anlaminda diger tesislere uzak olmast, kapasite paylastimi yapmasina
olanak tanimadigi gérilmiistir.
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(g) Tesis-T'nin kapasite kullanim orani

Sekil 3: Periyotlara Gore Senaryo Bazl Tesis Kapasiteleri
Sonuglar ve Tartigma

Olusturulan model ve deneysel sonuglara gore isbirliginin olmadigi durumda karsilanamayan
talepler olusmakta ve bu durum talebin kargilanmasinin kritik 6neme sahip olmasi nedeniyle cesitli
riskleri barindirmaktadir. Isbirligi yapilarak karsilanamayan taleplerin ortadan kalktgi ve calisir
durumda olan tesislerin ek gelir elde etmesine imkan sagladigi gérilmektedir. Isbirlikci ag yapilar ve
bu aglarda DKV yo6ntemi kullanilarak, kapasite-talep paylasim kararlart merkezi bir karar verici yerine
bagimsiz olarak calisan tesisler tarafindan, gelirlerini artiracak sekilde bireysel olarak verilmektedir.
Verilen bu bireysel kararlar hem sistemin hem de tesislerin bireysel amaglarina hizmet etmektedir.

Yapilan calisma, talebin Otelenemedigi ve musteri kaybina ya da bu calismada oldugu gibi
cevresel vb sorunlara yol agabilecek sektor, triin ya da hizmet sunucularina gesitli avantajlar
sunabilecektir. Oncelikli olarak talepleri isbirlikci ag yapist sayesinde karsilayabilecekler, miisteriye iirtin
ya da hizmeti zamaninda sunabileceklerdir. Ag yapisinda bulunan ve kapasitesi yetersiz olan isletmeler
adina iriin veya hizmet treterek kapasite kullanim oranlarini ve gelirlerini artirabileceklerdir.

Isbirlikci ag yapilart sayesinde, ag yapisinin olmadigt duruma gére daha az stok tutma imkanina
sahip olacaklar ve kaynaklarini etkin ve verimli kullanabileceklerdir.

Gelecekte bu galisma gesitli maliyetler ya da gevresel etkiler (egzoz emisyonu, su kirlilgi vb)
dikkate alinarak gelistirilebilir. Talebin karsilanmasinin zorunlu oldugu triin ve hizmet ureten
kuruluslar icin degisik parametre ve degiskenler kullanilarak gelistirilebilir.
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Ferhat OZDEN'
Mihriye CAKMAK?
Gozde OK®

Merve AKKAYA?
Biisra ALTAY
Emine ILKFE®

Girig

Endistriyel ve teknolojik gelismeler, cesitli dogal afetler sonrast kentlerin yikilmus, terk edilmis,
1slah edilmesi gereken boélgeleri ya da merkezini kaybetmis asirt ve plansiz yayilmis, kent dokusunun
yok olmaya yiz tuttugu buyik ve kalabalik kentler i¢in peyzaj kuskusuz baglayict bir faktordir.
Ozellikle atil endiistriyel alanlarda ekosistem duyarliligi olan bélgelerin tasarimi odakli projeler bu
alanlarin kente tekrar ve en verimli yolla geri kazandirilmasinin 6n sartidir.

Klasik yapisalct sehircilik anlayist yerine peyzaj sehirciligi, modern kentlesme yoluyla sirtini
dogaya donen sehirlerin yeniden dogayla kucaklagsmasinin yollarint agan bir teoridir. Peyzaj sehirciligi
yontembilimi anlam olarak ¢ok disiplinli bir kavramdir. Peyzaj tasariminin disina ¢ikarak, glincel kent
dinamiklerinin karmagikligini distinmek icin cevre mihendisligi, kentsel strateji, endustri ve
mimarligin kalkinmasi gibi disiplinlerden bilgi ve teknikleri bir araya getirmektedir(URL, 2021a).

Peyzaj sehirciliginin en 6nemli 6zelligl; meveuttaki hazir ¢6ziimleri oldugu gibi ele almak veya
kullanmak yerine yeni ve ‘dogallastirma’, ‘yesillendirme’, ‘glizellestirme’ ana hedefinde olmayan acik
uclu stratejileri kullanmaktir (Kéknar, 2013). S6z konusu yontembilimi anlam olarak ¢ok disiplinli bir
kavramdir. Peyzaj tasariminin disina cikarak, gincel kent dinamiklerinin karmagsikligini distinmek icin
cevre muhendisligi, peyzaj ekolojisi, kentsel strateji, endiistri ve mimarhgin kalkinmast gibi farkl
disiplinlerin teknik ve bilgilerini tek ¢ati altina toplamaktadir (URL, 2021a).

Peyzaj sehirciliginin temel iddiast kentlesmeyi ve kent organizasyonu, var olan peyzajin
yonlendirmesi; yapt cevre iliskisinde mevcut alanin peyzajinin belirleyici katman olmast durumudur.
Peyzaj sehirciliginin anahtar kelimeleri ise sunlardir: belirsizlik, acik ugluluk, esneklik, kompleks
sistemler. “Su, su degerlendirme, suyun iyilestirilmesi, su temininin g6z 6ntnde bulundurulmast,
depolama ve filtreleme, kentsel altyapi, atik su ve zemin suyu, yardimcr servisler, ulasim sistemleri
peyzaj schirciliginin en 6nemli konulart olan kentsel altyapinin biyik bir bolimini olusturur.
Kullanilir bir agik alan dahilinde bu islevlerin birbirine entegre edilmesi ana amagtir (URL, 20214a).

Ornegin; islevini yitirmis, kaldirilmis alanlar peyzaj sehirciligi baglaminda degerlendirilebilir. Bu
tip alanlar1 tamamen yitkmak, var olan peyzajt sifirlamak veya kirsal alanlarda peyzaj kurgulamak yerine
peyzaj sehirciligi anlayisina uygun olarak degisime agik bolgeler uretilebilir. Degisim ve uyum saglama
yetenegine sahip yasayan ekosistem olusturarak, peyzajt onarmayt ve ekosistem hizmetleri saglamay:

! Ferhat Ozden, Ankara Universitesi, Peyzaj Mimarhgi Bélimd, frht.ozden@gmail.com;

2 Mihriye Cakmak, Ankara Universitesi, Peyzaj Mimarhg Bélim, mihriye44@gmail.com

3 Gézde Ok, Ankara Universitesi, Peyzaj Mimarligi Béliimii, gozdeok@windowslive.com

4 Merve Akkaya, Ankara Universitesi, Peyzaj Mimarlig: Bélim, akkayamervee9@gmail.com

5 Biisra Altay, Ankara Universitesi, Peyzaj Mimarligi Boliimii, busraltay@gmail.com

¢ Emine Figen Ilke, Prof. Dr., Ankara Universitesi, Peyzaj Mimarhig1 Bolimu, figendilek@gmail.com
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temel alir. En distk derecede tasarim ¢oziimleriyle peyzajda carpict degisimler saglarken, yerel
vejetasyonun uyum saglama yetenegini ve tarihi mirasi ortaya ¢itkarmada akillica ¢oziimler uretir. Doga
ve insana ait siiregleri bir araya getirerek Gzellikle su kontroline yonelik yenilik¢i ekolojik altyapi
ornekleri sunar.

Calisma; Ankara Universitesi Fen Bilimleri Enstitiisii Peyzaj Mimarligt Anabilim Dali
lisansiistii doktora programinda verilen Peyzaj Sehirciligi dersi kapsaminda, Bolu Kent’ini peyzaj
sehirciligi 6zelinde degerlendirmeyi amaglamaktadir. Bu amag¢ dogrultusunda kentin, su gecirimliligi
(kayag yapist gecirimliligi, hidrolojik toprak gruplart, egim), erozyon risk durumu, ulasim durumu (yol
tipolojileri haritasi, toplu tastma durum haritasi, bisiklet yollarr) ve NDVI (bitki 6rtiisti varligt) analizleri
ArcGIS programi kullanilarak haritalanmistir. Bu haritalarin birlikte yorumlanmast ile elde edilen sonug
haritast mevcut imar plani ile iliskilendirilerek peyzaj sehirciligi kapsaminda 6neriler sunulmustur.

Caligma Yontemi

Bolu kent merkezine iliskin gerceklestirilen bu ¢alismada peyzaj sehirciligi kapsaminda dogal
ve kiltiirel peyzaj degerleri ist Olgekten kent merkezi Olgegine kadar bitincil bir yaklasim
dogrultusunda incelenmistir. Bu kapsamda su gecirimliligi, erozyon risk durumu, bitki 6rtiisti varliginin
fauna yasam ortami olarak tespitinde NDVI (Normalize Vegetation Index) ile ulasim durumu
incelenmis, ArcGIS programi kullanilarak haritalar olusturulmus, bu haritalarin birlikte yorumlanmast
ile sonug haritast elde edilmistir. Elde edilen sonug haritasi kentin gelisim durumunu gosteren imar
plant ile iligkilendirilerek Bolu kent merkezi i¢in peyzaj sehirciligi kapsaminda olmasi gerekenler
hakkinda 6neriler sunulmustur.

Bulgular
1.Su Gegirimliligi Durumu

Kentsel alanlar biytk olctide yapisal ve gecirimsiz yizeylerden olusmaktadir. Bu durum
ozellikle kent merkezlerinde yiizey ve yagmur sularinin dogru bir sekilde tutulmasi, gecirimliligin
saglanmasi, yonlendirilmesi ve su gecirimliligi bakimindan 6nem tasimaktadir. Bu kapsamda peyzaj
sehirciligi acisindan koruma degeri yiksek alanlarin belitflenmesindeki kilit stireclerden biri de su
gecirimliligidir (Sahin ve ark., 2014). Ornegin bir kent merkezinde, su gecirimliligi agisindan yiiksek
derecede 6neme sahip alanlarin varligl, bu alanlarda sinith gelisimi gerektirir. Bu durumun, peyzaj
degerlendirmelerine dayali yuritilecek bir ¢evre diizeni ya da imar planlarina yansimasi, imar plant
revizyonu veya kentsel dontstim kararinin alinmast biciminde olabilir. Bu alan hentiz planlanmamis
bir alan ise, gelecekte agik-yesil alan olarak ayrilmast gerekli bir yerdir (Sahin ve ark., 2014).

Kentsel alanlarda infiltrasyon ve exfiltrasyon zonlarinin saptanmast ve ekolojik ag a¢isindan
birinci derecede korunmasi gerekli alanlarin saptanmasi igin su gecirimliligin analiz edilmesi
gerekmektedir. Bu yontemde ¢alisma alanini olusturan Bolu kent merkezinin kayag yapist gecirimliligi,
hidrolojik toprak gruplari ve egim siniflart 6zellikleri belitleyici parametrelerdir. Yontemin ¢alisma
alanina uyarlanmasinda Sekil 1’de ki asamalar izlenmistir (Sahin, 1996; Sahin, 1998; Sahin ve Dilek,
2006; Uzun ve ark., 2010; Uzun ve Giltekin, 2011).
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Su Gegirimliligi
Analiz Modeli

Hidrolojik Toprak [ Kayag¢ Yapisi
Gruplari Gegirimliligi

‘ Egim Siniflan

Su Gegirimliligi

Sekil 1. Su gecirimliligi analizi yontemi akis diyagramui (Sahin, 1996)

1.1. Hidrolojik toprak gruplari

Toprak gecirimliliginin belitflenmesinde 1972 yilinda ABD Soil Conservation Service (SCS:
Toprak Koruma Servisi) tarafindan gelistirilen hidrolojik toprak gruplari kullamlmistir. Yontemde
buytk toprak gruplari ve toprak 6zelliklerinin kombinasyonuna bakilarak hidrolojik toprak gruplart
belirlenmektedir (Cizelge 2). Buna gore ¢alisma alanin biyiik bir kisminin toprak yapist orta derecede
gecirimli 6zellige sahiptir (Sekil 3).

Cizelge 1. Buyik toprak gruplart ve toprak Ozelliklerinin kombinasyonuna gére hidrolojik toprak gruplart
(Oztiirk ve Batuk, 2011)

HTG BTG Arazi Toprak Ozelliklerinin Kombinasyonu
Tipi
L 1-11, 13-15,17-19, 21, 22
A 3,6,9,10
A ET 1-16
Minimum inﬁltrasyon m, p, t ya da bunlarla bitlikte h, s, a, k, v
Derecesi:7.5-10 mm/sa. © sembollerinden biti ya da daha fazlasi ile
KK, SK,
1Y
PG 1,2,5,6,9,10
C,D, M, 1-10
N
E, T 17-24
B . B, F, R, 1-8
Minimum Infiltrasyon %
Derecesi: 3-7,5 mm/sa. U 1.2.3
L 12,16, 20, 24
X 1-4
K 4-6, 13-15, 22-24
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3,6,9,10ile h, s, a, k, v sembollerinden biri ya da

A daha fazlast ile
P,G 3,4,7,8,11-22
C,D,M, 11-18
N
B,F 9-23
U 4-21
C R 9-21
Minimum 1nﬁltrasyon LE,T 25
Derecesi: 0,8-3 mm/sa. Y 9.5
X 5-20
K 1-3, 10-12, 19-32
C 3,6,9
A 2,5, 8ile h, s, a, k, v sembollerinden biti ya da daha
fazlasi ile
P,G 23,24, 25
C,D,M, 19-25
N
B,F 24,25
R, U 22-25
A% 1-25
Z 1-4
II\D/Iinimum in iltrasyon | A 1,4,7 ya da. h, s, a, k, v sembollerinden biri ya da
Derecesi: 0-08 mm/sa. daha fazlast ile
I H veya h, s, a, k, v sembollerinden biri ya da daha
fazlasi ile
S S veya h, s, a, k, v sembollerinden biri ya da daha
fazlasi ile
X 21-25
C 1,2,4,5,78

SB, CK
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BOLU KENT MERKEZININ PEYZAJ SEHIRCILIGI AGISINDAN DEGERLENDIRILMESI

378000 384000 ’ 387000 Anahtar

.

o

!

Bolu Sehir Merkezi imar Plani
Bisiklet Yolu

Yaya Yolu

Anadolu Otoyolu
istanbul-Ankara Karayolu
Arag Yolu

Hidrolojik Toprak Gruplan
Haritasi

4512000
1
4512000

A (lyi Drenaijli Topraklar)
B (Orta Drenajli Topraklar)
I c (Dustk Drenaijli Topraklar)

4509000
1
4509000

T
378000

4506000

T
387000

Sekil 2. Bolu kent merkezi hidrolojik toprak gruplart haritast (Orijinal, 2021)

1.2. Kayag yapis1 gegirimliligi

Kayag yapist gecirimlilik haritasi, veri tabaninda yer alan jeolojik yap1 haritasinin gecirimlilik
bakimindan yeniden yorumlanmastyla Aytas vd. (2016)’dan elde edilmistir (Cizelge 1). Buna gére alan
buytk dl¢tide yliksek gecirimli kayag yapisina sahiptir (Sekil 2).

Cizelge 2. Kayag yapist gecirimlilik durumu (Orijinal, 2021)

kod aciklama Kayac Gecirimlilik_Siniflari
O Karasal kirintililar Y Uksek gegirimli
Q Ayrilmamis Kuvaterner Y Uksek gegirimli
g1 Granitoyidler Gegirimsiz
gsa Ayrilmamis gnays_migmatit_metagranit_sist_amfibolit_vb. Gegirimsiz
d3-1 Karbonatlar ve kirintililar Gegcirimli
pl Karasal kirintililar Gegirimli
e2-3 Karasal kirintililar Cok yuksek gegirimli
j3K1 Pelajik kirectasi Cok yuksek gegirimli
k2pn Neritik kirectasi Cok yuksek gegirimli
k2pn (b) k2pn (b)_Kirintililar ve karbonatlar Cok yuiksek gegirimli
k2e Kirintililar ve karbonatlar Cok az gegirimii
m1-2n Ayrilmamis volkanitler Cok az gegirimli
pnn Ayrilmamis volkanitler Cok az gegirimli
sd1 Karbonatlar ve kirintililar Cok az gegirimli
j1-2 Volkanitler ve sedimenter kayalar Az gecirimli
k Kirintililar_yer yer karbonatlar Az gecirimli
mi1-2p Piroklastik Az gecirimii
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| BOLU KENT MERKEZININ PEYZAJ SEHIRCILIGi AGISINDAN DEGERLENDIRILMESI

Anahtar

381000 384000 387000 g

| Bolu Sehir Merkezi imar Plani
—— Bisiklet Yolu
~ Yaya Yolu
~——— Anadolu Otoyolu
— lstanbul-Ankara Karayolu
Arag Yolu
Kayag Yapisi Su Gegirimlilik
Haritasi
Gegirimsiz
Cok az gegirimii
Az gegirimii
Gegirimii
[0 Yoksek gegirimi
" Gokyoksek geglrimi

Sekil 3. Bolu kent merkezi kaya¢ yapist gecirimliligi haritast (Orijinal, 2021)

1.3. Egim

km
0 05 1 2

Su gecirimliliginin belirlenmesinde egim 6nemli bir parametredir. Bu nedenle alana ait sayisal
yukseklik modelinden egim analizi yapilmis ve yeniden smniflandirdmustir. Elde edilen siniflandirma ile
egim parametresi su gecirimliligi analizine dahil edilmistir. Buna gére calisma alanin buyik bir kismi

orta derecede egimli alanlardan olusmaktadir (Sekil 4).

| BOLU KENT MERKEZININ PEYZAJ SEHIRCILIGI AGISINDAN DEGERLENDIRILMESI

Anahtar

| Bolu Sehir Merkezi imar Plani
——— Bisiklet Yolu
Yaya Yolu
— Anadolu Otoyolu
—— istanbul-Ankara Karayolu
Arag Yolu
Egim Haritasi
I -2 Doz Alanlar
I 2-6 Haff Egimii Alaniar
[ 6-12 Orta Egimii Alaniar
[ 12-20 Dik Egimi Alantar
I 20-30 Gok Dik Egimii Alanlar
I 30 Sarp Kayalikiar

S
0 05 1 2

Sekil 4. Bolu kent merkezi egim siniflart haritas: (Oxijinal, 2021)
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Calisma alani su gecirimliligi haritast, kayag yapist gecirimliligi, toprak gecirimliligi ve egim
haritalarinin cakistirtlmast ile elde edilmistir (Sekil 5). Calisma alani buytk 6lgiide su gecirimliligine
sahip alanlardan olusmaktadir.

BOLU KENT MERKEZININ PEYZAJ SEHIRCILIGI AGISINDAN DEGERLENDIRILMESI

37800.0 38100I0 3340()'0 387000 An ah tar

Bolu Sehir Merkezi imar Plani

Bisiklet Yolu
Yaya Yolu

Anadolu Otoyolu
istanbul-Ankara Karayolu
Arag Yolu

Su Gegirimlilik Haritasi

I:I Gegirimsiz alanlar
l:l Az gegirimli alanlar
I:] Gegirimli alanlar

- Yuksek gegirimli alanlar

4512000
4512000

4509000
4509000

1
S A,
381000 384000 387000

Sekil 5. Bolu kent merkezi su gecirimliligi haritas: (Orijinal, 2021)

4506000
4506000
o
o
o
-
N
=
3

Kentsel alanlar biyik 6l¢tde yapisal ve gecirimsiz yuzeylerden meydana gelmektedir. Bu
durum O6zellikle kent merkezlerinde yiizey ve yagmur sularinin dogru bir sekilde tutulmasi,
gecirimliligin saglanmast ve yonlendirilmesi bakimindan 6nem tasimaktadir. Bu caligma kapsaminda
yapilan analizler sonucunda, Bolu kent merkezinde su gecirimliliginin yiiksek derecede oldugu
saptanmistir.

2.Erozyon Risk Durumu

Peyzajin islevlerine iliskin olarak, 6nemli yer alt1 suyu beslenim alanlarinin korunmasi, yizey
akis ve erozyon kontroli gibi genel hedefler ve politikalar olusturulmalidir (Sahin vd. 2014). Bu
kapsamda peyzaj fonksiyonlari agisindan peyzaj (koruma) degeri yiiksek alanlarin belirlenmesinde,
erozyon risk analizi 6nem tagimaktadir (Sahin vd., 2014).
Bolu kent merkezi ¢alisma alani; ekolojik baglamda 6nemli degerlere sahiptir. Bu degerleri korumak
ve iyi yonetmek icin planlama ve tasarim caligmalarinin bitiinctl bir stiregte yuritilmesi
gerekmektedir.
Calismanin bu bolimunde, Bolu kent merkezi erozyon risk analizine yer verilmistir. ArcGIS 10.4.1
programi kullanilarak gerceklestirilmis analizler sonucunda, Bolu kenti erozyon risk analizi haritasi elde
edilmistir. Bu dogrultuda belirlenen hedef; bolge 6lceginden kent merkezine dogru 6zellesen bir
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yontem ile ortaya konulacak calismada gerceklestirilecek analizlerin, peyzaj sehirciligi 6zelinde
iliskilendirilmesidir.

2.1. Erozyon risk analizi

Ulkemizdeki eroyon teblikesinin boyutunun fazla oldugu ve mygnlamaya yonelik. her tiirlii bilimsel ve
ugmansal koruma onlemleri alinmazsa, teblike boyntlarmmn giderek artacagr ve ozellikle toprak, topografya, su ve bitki
Ortiisii agisndan geri-dondisiimsiiz evrelere gelinebileced agike bir sekilde bilinmektedir’ (Dengiz vd., 2014; Erpul ve
Deviren, 2012).

Toprak erozyonunun derecesi ve siddeti bilindigi takdirde, gerekli yonetim uygulamalari ile
erozyon problemi minimum diizeye indirilebilmektedir (Erdem, 2017).
Erozyon risk analizi i¢in yonteme gore; egim, baki ve toprak koruma diizeyi degerleri kullanilmistir
(Gines, 2017). Erozyon riski analizi i¢in Ol¢ttlerin degerlendirilmesi kapsaminda olusturulan yontem,
Cizelge 3’de yer almaktadir.

Cizelge 3. Erozyon Riski Analizi icin Olciitlerin Degerlendirilmesi (Giines, 2017)

EROZYON RIiSKI ANALIZI iCIN OLCUTLERIN DEGERLENDIRILMESI
. » TOPRAK
EROZYON GUNEY DIGER KORUMA DURUMU ~EROZYON
BAKARLAR | BAKARLAR RISKI
Var Yok
* Cok yiiksek
x « Cok ytiksek -
x Yiksek
X
x Yiiksek - Orta
X Orta - Yiksek
X
X Orta
Egim <12
< X Disuk - Orta
X Dusuk
2.2.Egim analizi

Ilk olarak calisma alaninda egim analizi yapilarak; yonteme gére yeniden siniflandirilmistir.
Calisma alaninda gergeklestirilen egim analizlerinde; egimi %12’den yiiksek olan sarp alanlar ve egimi
%12’den dusiik olan alanlar olarak iki grup olusturulmustur.

Egimi %12’den yiiksek alanlar; tamamen erozyona ugramis arazi egim derecesini ifade
etmektedir. Egimi %12’den dustik alanlar ise; erozyon baslangicindan daha dusiik egim seviyesini ifade
etmektedir (Glnes, 2017).

Bolu kent merkezinde yapilan egim analizi Sekil 6’da verilmistir.
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{ BOLU KENT MERKEZININ PEYZAJ SEHIRCILiGi AGISINDAN DEGERLENDIRILMESI

Anahtar

Karayolu
Bolu Kent Merkezi Imar Plani

Egim Analizi Haritas:

[o-%2

[ %12 - %171,9869537

4510000

Sekil 6. Bolu kent merkezi egim analizi haritast (Orijinal, 2021)

2.3.Baki1 analizi

Calisma alanina ait baki analizi gerceklestirilirken yonteme gore yeniden siniflandirma yapilarak; giiney
bakarlar ayri, diger bakarlar ise tek sinifta toplanarak iki siiflama yapilmustir. Bu smniflandirma
sonucunda kent merkezine ait baki haritast Sekil 7’de verilmistir.

| BOLU KENT MERKEZININ PEYZAJ SEHIRCILIGi AGISINDAN DEGERLENDIRILMESI |

Anahtar

Karayolu
[ \ Bolu Kent Merkezi Imar Plani

Baki Analizi Haritasi
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B Giney Bakarlar

4510000
4510000

380000 [ km

Sekil 7. Bolu kent merkezi siniflandirilmis baki analizi haritasi (Orijinal, 2021)
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2.4. Toprak koruma durumu analizi

Toprak koruma durumu ise; CORINE 2012 verisi yardimu ile tarim alanlart 6zelligine sahip
alanlar secilerek, toprak koruma derecesi bakimindan dustik alanlar olarak degerlendirilmistir (Giines,
2017).

Bolu kent merkezinde yapilan toprak koruma durumu analizi haritas: Sekil 8’de verilmistir.

BOLU KENT MERKEZININ PEYZAJ SEHIRCILiGi AGISINDAN DEGERLENDIRILMESI

Anahtar

Karayolu
Bolu Kent Merkezi imar Plani

Toprak Koruma Durumu
Haritasi

|:] Toprak Koruma Yok
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N
b 05 1 2 3
3800000 - —m

Sekil 8. Bolu kent merkezi toprak koruma durumu analizi haritast (Orijinal, 2021)

Bolu kent merkezini dikkate alan bir alt 6lgege ait gerceklestirilen analizler sonucunda erozyon
risk analizi ortaya konulmustur.

Yontemde yer alan egim, baki ve toprak koruma diizeyi degerlerinin ¢akistirilmast ile galisma
alani icin erozyon risk analizi haritast olusturulmustur. Bolu kent merkezinde yapilan erozyon risk
analizi haritast Sekil 9°da verilmistir.
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BOLU KENT MERKEZiNiN PEYZAJ SEHIRCILiGi ACISINDAN DEGERLENDIRILMESi
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Sekil 9. Bolu kent merkezi erozyon risk analizi haritast (Orijinal, 2021)

Bolu kent merkezi calisma alani ile ilgili olarak, ekolojik degerlendirmelerin tzerine kurulu;
sahip oldugu peyzajin butunligint, surekliligini, sirdirilebilifligini ve degerini arttirmaya yonelik
olarak tasarim stirecini de yonlendirebilecek nitelikte bir erozyon risk analizi ortaya konulmustur.

Gergeklestirilen diger analiz ¢alismalart gibi erozyon risk analizi calismasinin peyzaj sehirciligi
kapsaminda degerlendirilerek bir butin olarak ele alinmasi, planlama ve tasarim yaklasimlarina bu
dogrultuda yon verilmesi gerekmektedir.

3. Bitki Ortiisii Analizi/NDVI

Calismanin bu bélumiinde, gerceklestirilmis olan Bolu kent merkezinin bitki 6rtiisti analizine
yer verilmistir; https://earthexplorer.usgs.gcov/ web sitesinden elde edilen Landsat uydu gorintileri,
ArcGIS 10.3 programinda kullanilarak bitki 6rtiisti analizleri gergeklestirilmis elde edilen indeksler
tizerinden haritalandirilmistir.

Bitki 6rtist indeksi (NDVI), elektromanyetik spektrumun goriuntr 1sik bolgesindeki kirmizi bant ve
kizil6tesi bantta gostermis olduklari yansima degerleri kullanilarak olusturulmus bir indekstir. Kirmuzi
bandin bitkisel doku icerisindeki klorofile duyarsiz olmasinin yaninda, kiziltesi bandin klorofile hassas
olmast, yansima degerlerinin de yiiksek olmasina neden olmaktadir (Aksoylu vd. 2005). Yapraklarin
kimyasal yapisindaki klorofil, kirmizi ve mavi dalga boylarindaki enerjiyi, giicli bir tarzda emerken,
yesil rengi yansitmaktadir. Yaz aylarinda yapraklarin azami klorofili igermesi nedeniyle bitkiler bize,
yesilimsi renkte gériinmektedir. Sonbaharda yapraklardaki klorofil daha az olup kirmizi dalga boyunda
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daha az emme, daha fazla yansima yapmaktadir. Bunun sonucu olarak kirmizi ya da sart renkte goriinti
vermektedir. Saglikli yapraklar icsel yapilart nedeniyle, yakin kizilétesi dalga boyunda kusursuz bir
daginik yansitici islevi yapmaktadir. Bu 6zelligi g6z 6ntine alan bilim insanlari, yakin kizil6tesi bolgedeki
bu yansimayr Slgerek ve c¢oziimleyerek bitkilerin saglikli veya sagliksiz olusunu belirlemislerdir
(Anonim 2001; Bilgili 2009).

(050-008) -, (0.4 - 0.30)
(0.50 + 0.08) (0.4 + 0.30)

Sekil 10. Bitkilerin mevsimsel degisimine bagli olarak farkli dalga boyundaki glines 1sinlarinin yansimast
(Simmon 2008; Bilgili 2009)

NDVI bir ekosistemdeki yesil bitki yogunlugunun zamansal ve mekansal degisiminin gtivenilir
bir gostergesidir (Wang vd. 2001; Zavaleta vd. 2003; Bilgili 2009).

NDVI degerinin belitflenmesinde asagidaki denklem her bir piksel icin hesaplanmaktadir (Zavaleta vd.
2003; Jung vd. 2005; Uz ve Cabuk 2005; Aksoylu vd. 2005; Kim vd. 2006; Bilgili 2009).
NDVI= (NIR-Red) / (NIR+Red)

Ayday vd.’ye (2004) gore formiil, bitkiler i¢in diisiik yansima &zelligi gosteren kirmizt bant,
bitkiler icin yiiksek yansima Ozelligi gosteren kizilétesi banttan c¢ikarildiginda bitkilerin bulundugu
yetler, uydu goériintiistiniin geneline gore yitksek yansima 6zelligi gosterecektir. Bu bantlarin farklarinin,
iki bandin toplamina bélinmesindeki amag bir tiir denge dagilimi saglamaktir. Sonug haritada tonlarin
beyaza yaklastigi yerler yogun bitki Ortiistini gOsterirken siyaha yaklastigr yerler bitki Ortisi
bulunmayan alanlar1 géstermektedir (Aksoylu vd. 2005; Bilgili 2009).

Asagidaki sekilde elektromanyetik spektrumdaki gesitli dalga uzunluklarina gére dizilmis olan bantlarin
bitkisel materyalle ilgili kullanimlari gosterilmistir (Anonim 200; Bilgili 2009).
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Sekil 11. Farkli dalga boylarinin bitkisel materyalle ilgili kullanimi (Anonim 2001; Bilgili 2009)

Yuzey 6zelliklerinin belirlenmesinde kullanidlan NDVI degerleri Tucker vd. (1985), Benedetti
vd. (1994) ve Nicholson vd.’ye (1994) gore asagida verilmistir (Okgu 1999; Bilgili 2009)

2 0.05-0.15 Sehirlesme bolgesi, kuru toprak, kil yiizeyleri

4 0.25-0.35 Orman/acik otlak mozaigi

] > 0.45 Yagmur orman, yiiksek daglik baélgelerdeki bitki ortiisii

Sekil 12. NDVI degerlerine bagh yiizey 6zellikleri (Okgu 1999; Bilgili 2009)

Sobrino ve Raissouni’ye (2000) gore NDVI degerlerine baglt yuizey 6zellikleri asagida verilmistir (Bilgili
2009).
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i‘:‘f NDVI Yiizey Ozellikleri

1 0.0-0.2 Ciplak top toprak yiizeyi
2 0.2-0.5 Yesil alan

3 0.5< Yogun yesil alan

Sekil 13. NDVI degetlerine baglt yiizey 6zellikleri (Sobrino ve Raissouni 2000; Bilgili 2009)

NDVI degetleri kullanilarak bitkisel 6rtiintin hem alansal buytklighi hem de vejetasyon
yogunlugu hakkinda bilgi edinilmektedir. NDVI degerleri bitkinin fenolojik donemlerine ve zamana
bagli olarak degismektedir. Bu degisim; bitki materyalindeki klorofil miktarinin degisimi olarak da ifade

edilebilmektedir (Bilgili, 2009).

Bolu kent merkezine iliskin bu calismada, 6ncelikle daha st 6lcek olarak belirlenen il
sinirindan, daha sonra da kent merkezini dikkate alan bir alt 6lgege ait Landsat uydu goruntileri,
gerceklestirilen analizler sonucunda yesil 6rtiintin alansal olarak belirlenmesi amact ile kullanidmistir.
Bu kapsamda gerceklestirilen NDVI analizinde; géruntiilerin ¢ok daha net olabilmesi i¢in 8 Agustos
1985, 8 Agustos 2000 ve 8 Agustos 2020 tarihlerine ait Landsat uydu gortuntileri kullanilmustir.

BOLU KENT MERKEZININ PEYZAJ SEHIRCILIGI ACISINDAN DEGERLENDIRILMESI
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Sekil 14. Bolu kent merkezi bitki yogunlugu haritasi, 1985 (Orijinal 2021)
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Sekil 15. Bolu kent merkezi bitki yogunlugu haritast, 2000 (Orijinal 2021)
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Sekil 16. Bolu kent merkezi bitki yogunlugu haritasi, 2020 (Orijinal 2021)
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Sekil 17. Bolu kent merkezi bitki yogunlugu haritast, 1985 (O}ijinal 2021)
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Sekil 18. Bolu kent merkezi bitki yogunlugu haritasi, 2000 (O;ijinal 2021)
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Sekil 19. Bolu kent merkezi bitki yogunlugu haritast, 2020 (Otijinal 2021)

Bu calismada, yesil alanlarin dinamik yapisini ve yesil alan gelisimini belirlemek i¢in farkli tarihli
uydu gortntiileri kullanilmigtir. Uydu goriintiilerinden hesaplanan NDVI degerleri bitkisel alanlarin ve
yogunlugunun degisiminin bir gostergesidir.

Hesaplanan NDVI degerleri yukarida verilen kaynaklar dogrultusunda degerlendirilmektedir. Buna
gore 0.2’den biytik NDVI degeri bitki varligi olan 0.2’den kugik degerler ise bitki varligt olmayan
alanlardur.

Bolu kent merkezine iligkin gerceklestirilen bu ¢alismada 1985 yilindan sonra bitki
yogunlugunda énemli gelismelerin oldugu gorilmektedir. 2000 yilina ait indeks sonuglarina gére her
iki 6lgekte de bitki yogunlugu ¢ok daha fazlayken, 2020 yilina ait gériintilerden elde edilen sonuglara
gore bitki yogunlugu ust 6lgekte daha gerilere gitmistir. Bir alt dlgekte incelendiginde 2000 yilindaki
duruma nazaran giiney yonde oldukga yogun bir bitki varligr gértlirken kuzey yonde ise azalmalar s6z
konusudur.

Bolu kent merkezi bitki 6rtiisti analizleri sonuglarina gére kent merkezinden sonra benzer
paralellik ve oranda gelisim gosteren bir bitki yogunlugu sz konusudur, kuzey giiney yoénlerdeki
degisimler sehrin donem donem farklilik gosteren gelisim yonlerine gore sekillendiginin gostergesidir.
Sehrin gelisim ve dontisiimii, peyzaj sehirciligi kapsaminda degerlendirilerek cok daha kente dair olan
bir 6lcekte, daha bilingli ve dogru yonde iletlemesi saglanmalidir.
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4. Mevcut durum analizi

Bolu ili, Tiirkiye’nin iki 6nemli metropol kenti birbirine baglayan Ankara-Istanbul Otoyolu
(TEM) tizerinde yer alan énemli bir yerlesim merkezidir (Sekil 20). I, Ankara’ya 190 km, Istanbul’a ise
260 km uzakliktadir (URL, 1). TEM otoyolu disinda D-100 Karayolu da Bolu’ya ulasim yontinden
onemli bir gizergah olusturmaktadir.

K A R A D E N | Z
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17
14

Q\KIZILCAHAMAM
2

Bolu, D-100 karayolu ¢evresinde kuzey ve gliney yonlerinde gelismis bir kenttir. 1999 depremi
sonrasinda inga edilen konut alanlartyla birlikte kent, kuzey ve batt yonlerine dogru yayilmaya
baslamistir (Anonim, 2020a) Bununla birlikte il nifusunun %70’e yakint sehirde yasamaktadir
(Anonim, 2020b). Bu nedenler gerek kent icerisinde gerekse kenti ¢evreleyen yollar ve karayollar,
kentin formunu ve dokusunu belirleyen, insanlarin yasam kalitesini etkileyen 6nemli birer peyzaj
Ogeleridir ve kentteki yol sistemleri ve ¢ozumleri peyzaj sehirciligi acisindan 6nemlilik arz etmektedir.

4.1. Ulagim (Arag ve Toplu Tagima) Durumu

Ulasim, hareketi ifade eden bir kavram olup; erisilebilirlik olgusu ile de yakindan iliskilidir.
Ulasim ile ilgili tiim hareketler ise trafik kavramini ortaya ¢tkarmaktadir. Yaya, motorlu arag ya da toplu
tastma unsurlari planlama ve tasarim siireglerinde erisilebilir, giivenli, enerji etkin ve konforlu bir
sistematik diizen igerisinde kurgulanmalidir. Ozellikler giiniimiiz kentlerinde trafik kaynakl kirlilikler
peyzaj yapisinda bozulmalarina sebep olmakta (hava kirliligi, gtiriilti kirliligi vb.) ve kentlerin yasana
bilirligini olumsuz yonde etkilemektedir. Bu dogrultuda peyzaj planlama ve tasarim siregleri
cercevesinde sehirler ve peyzaj bir biitiin olarak ele alinmalidir. Ozellikle kentlerde, yesil altyap1 gibi
ckolojik dongtilere saygilt uygulamalari ulasim aglarina bitinlestirmek gerekmektedir.

Arag trafigi, 6zellikle yarattig1 olumsuz cevresel etkiler (hava kirliligi, giirtilt kirliligi, toprak ve
su kaynaklarinin kirliligi, sera gazi emisyonlart vb.) nedeniyle giinimiiz kentlerinde yerel yonetimlerin
en ¢ok karsilastiklart ve ¢6zim tretmeye c¢alistiklart sorunlarin basinda yer almaktadir. Ancak, siklikla
¢6zim olarak yollarin genisletiimesi ve yeni yol giizergahlarinin gelistirilmesi uygulamalarina
gidilmekte, bu uygulamalarin sonucunda ise arag trafigi gecici sireler icin belli noktalarda azalma
gosterse de sonug olarak arag trafigi aslinda artmakta ve yeni problemler ortaya ¢tkmaktadir. Bu durum
kisir bir déngt haline gelmekte ve en olumsuz etkilerini yaya ve bisiklet ulagimi sistemlerinde
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gostermektedir. Sehirlerin kimlikleri ve formu da ulasim sistemleri ile baglantili olarak olumsuz
ozellikler gostermeye baglamaktadir. Bununla birlikte kullanicilarin yasam alanlart islevsiz hale
gelmekte ve hatta miktar olarak da azalma gostermektedir. Oysa ki kentsel yasam kalitesi “insan
gereksinimlerine hizmet edecek insan 6lgeginde” ilkelerle saglanabilir ve 6lgilebilir (Caker and Mehlig,
2010).

Kent igerisinde yaya hareketliligi ve bisiklet kullanim olanaklarinin artmasi, kentsel yasam
kalitesine, fiziksel ¢evre kalitesi, sosyal yasam kalitesi ve erisilebilirlik olgularina cesitli yonlerden katki
saglamaktadir. Bunun tersine, motorlu araglar i¢in ayrilan genis alanlar ise kamusal alan kaybina neden
olmaktadir. Kentsel planlama ve tasariminda, insan fiziksel aktivitelerini arttirmaya yonelik bigim ve
islevlerin yaratimast 6nemlidir. Bu agidan yaya ve bisiklet dolasim ag1 kentlerde bir firsat olarak ortaya
citkmaktadir.

Ozellikle yiizey akisina gecen suyun tekrar dogal déngiisiine kazandirilmaya calisilmast,
bolinen habitatlar igin alternatiflerin yaratilmast bu anlamda 6nem kazanmaktadir. Kiresel ekonomi
hareketleri ¢ercevesinde motorlu tasitlara yonelik ulasim stratejileri bir bolgenin ekonomik anlamda
kalkinmasi i¢in 6nemlidir. Ancak yalnizca arag trafigine yonelik planlama ve tasarim stratejileri kentin
fiziksel ¢evresinde kaliteyi dustirdigii gibi, sosyal yasami ve dogal peyzaj karakteri ile stireglerini de
olumsuz etkileyecektir. Bu nedenle, ¢6ziim 6nerileri butiincil, multidisipliner ve bolgeye 6zgii olarak
gelistirilmelidir.

4.1.1. Bolu kent merkezi ulagim analizi

Bu baslik altinda Bolu kent merkezinde mevcut olan yol durumu ve toplu tasima sirkiilasyonu
analiz edilmistir. Ayrica “Bolu Guvenli Bisiklet Yollart Projesi Kullanicit Davranislart Degerlendirmesi”
basliklt calisma incelenerek kent merkezine yonelik olusturulmus bisiklet yolu uygulamasi
degerlendirilmistir.

4.1.2. Yol tipolojileri haritas1

Bolu kent merkezi igerisinde ulasim karayolu ile saglanmakta ve demiryolu ag1
bulunmamaktadir (Abdulganioglu, 2020). Bolu il yol aginda; 366 km Devlet yolu, 261 km il yolu, 114
km otoyol ve 3727 km koy yolu (asfalt ve stabilize) bulunmaktadir (Anonim, 2020b).Bolu kent
merkezine ait ulasim durumu incelendiginde yol aginin daimi karayolu, cevre karayolu, iki seritli
karayolu, iki veya daha fazla seritli sose yol, (kirik tas veya cakil dokuldiikten sonra tzerinden silindir
gecirilerek hazirlanan basit bir tir karayolu), iki veya daha fazla seritli karayolu ve yaz aylarinda
kullanilan ara¢ yollarindan olustugu tespit edilmistir (Sekil 21).
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Sekil 21. Bolu Kent Merkezi Ulagim Haritas1 (Orijinal, 2"021)

06000

4.1.3. Toplu tagima ve kiiltiir noktalar1 haritasi

Bolu kent merkezinde ulasim halk otobusleri ile saglanmaktadir; ¢evrede bulunan tarihi ve
turizm potansiyeli alanlara ulasim ise Bolu’dan kalkan otobiis ve dolmuslarla saglanmaktadir (Ozgeng
ve ark., 2017). Kent merkezi toplu tasima durumunu, duraklart ve yakin kilttirel noktalari gésteren
harita Sekil 22’de verilmistir. Bu haritada toplu tasima duraklarina yakin Claudiopolis arkeolojik sit
alani, Belediye sanat muzesi, Bolu kent muizesi, Lunapark, Stadyum gibi alanlarin yani1 sira dini ve tarihi
acidan 6nemli camiler verilmistir. Bu kiltiirel alanlar arasinda baglantililik ve etkilesim saglamak igin,
yakin noktalar arasinda yol durumlarina gore yayalastirma akslart veya bisiklet ile ulasim gibi
diizenlemeler yapilarak peyzaj sehirciligi kapsaminda yenilikci ve yasanabilir kullanimlar olusturulabilir.
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BOLU KENT MERKEZININ PEYZAJ SEHIRCILiIGi AGISINDAN DEGERLENDIRILMESI
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Sekil 22. Bolu Kent Merkezi Otobiis Duraklart ve Kiltir Noktalart Haritas: (Orijinal, 2021)

4.1.4. Bisiklet yollari

Bolu kent merkezinde yayalastirma bolgeleri ve bisiklet glizergahlarina ilisin dizenlemeler
mevcuttur. Ornegin Bolu Merkez Izzet Baysal Caddesi halihazirda kismen yayalastirilmis ve bisiklet
yolu tesis edilmistir. Bunu yani sira “Bolu Gtivenli Bisiklet Yollart Projesi Kullanict Davraniglar
Degerlendirmesi”ne yonelik bir ¢alisma mevcuttur. Bu ¢alismada amag, Bolu'nun kent i¢i ulagim
sorunlarina alternatif, saglikli, cevreci ve siirdiriilebilir bir ¢6ztim 6nerisi gelistirebilmek icin kullanict
davranislarini tespit etmektir. Calisma ile 6zel tagit kullaniminin etkisi altina giren orta 6lgekli kentlerde
giivenli bisiklet altyapisinin gerekliligine dikkat ¢ekilmesi hedeflenmistir.

5. Kentin Gelisim Durumu

Bolu kentinde, deprem 6nemli bir dogal olgu olarak fiziksel yapilasmayr her dénemde
etkilemis, 1944, 1957, 1967 ve 1999 yillarinda biyiik depremler yasanmustir. Kentin de tzerinde yer
aldig1 hareketli Kuzey Anadolu Fay Hat’tinda sik stk depremler meydana gelmektedir (Taner, 2014).

17 Agustos'taki buytk felaketin ardindan 12 Kasim 1999'da Diizce merkezli 7.2 buyiikliginde ikinci
bir deprem meydana gelmistir. Bolu Kenti’ni de altiist eden bu depremde resmi rakamlara gore 763
kisi hayatint kaybetmistir. Marmara Bélgesi'nde oldugu gibi burada da 2 bin 532 konut yikilirken, 5
bin 736 konut orta hasarli, 14 bin 13 konut ise az hasar gérmistir. Konutlarin yani sira bir¢ok sosyal
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tesisi ve ulagim alt yapisinda da deprem kirigina ve heyelanlara baglt olarak cesitli deformasyonlar
meydana gelmistir(URL, 2002).

1999 depremi sonrast yapilan arazi etidlerine gore; kentin bat1 ve kuzeye dogru olan bélgelerin
zemininin depreme karst daha direncli oldugu belirflenmistir. Kentsel kullanimlarin ve fiziksel
yapilasmanin gelisim yonleri olarak; sanayi dogu kesimde, turizm gliney ve batt yonlerinde, konut
alanlar1 da kuzey ve batitya dogru oldugu goéralmektedir(Tunger, 2001).

1944 ve 1999 depremlerinin ana faylarinin giineyde ortaya ¢itkmast nedeniyle bolge saglikli
yapilasmaya elverisli durumda olmadigr distncesi ile kuzey yone dogru gelisme gosterdigi
gozlenmektedir. Diger yonden giineyde kalan bélgelerde, zemin suyu yiiksek, sulanabilir tarim arazileri
bulunmaktadir (Taner, 2011).

1992 Imar Plani’nda da ongoruldigt tizere, kent merkezinin, kentsel gelismenin yoniine uygun
sekilde kuzey-batiya dogru genisleyerek D100 karayoluna ulastigi ve karayolunun kentin merkezinden
gegen bir ticaret arteri haline dontistig gorilmektedir.

Kentin fiziksel formu, etrafi daglarla gevrili bir ¢anak sekline benzemektedir. Ormanlari,
yaylalari, g0l ve goletleri, tabiati koruma alanlari, dogal sit alanlari, yaban hayati koruma sahalari,
termalleri, kayak merkezleri, tarihi ve kiltiirel degerleriyle 6nemli bir potansiyele sahiptir. Peyzaj
schirciligi entegreli yaklasimlar ile korunarak, kentsel kalkinma desteklenmelidir.

Yasanabilir kent 6zellikleri; yerlesmenin yeterli, sosyal donanim ve yesil alana sahip olmast ile
kent ici ulagilabilirligin diizgiin saglanmast olarak belirlenmektedir. Bolu kentinin trafik, hava ve ¢evre
kirliligi vb. gibi sorunlarin yani sira ekonomik yapisinin da ¢ok fazla gelismemis olmasina ragmen, kenti
cevreleyen dogal giizellikleriyle 6nemli bir turizm, dinlence bolgesi 6zelligindedir.

Kent Forbes dergisinin 2020 yiinda yaptgi arastirmaya gore, Turkiye'nin en yasanabilir
sehirleri siralamasinda 49,77 genel endeks puant ile 23. Sirada yer almistir(URL, 2020).

Tartigma ve Sonug

Peyzaj sehirciligi kavrami modern anlamda ekolojik faktorler temel alinarak mevcut sehircilik
anlayisina peyzajin entegre edildigi, dogal-kiltiirel ve sosyal bilesenlerin devamliligini saglayan ekolojik,
ekonomik ve estetik strecler bitintdur. Bu kapsamda Bolu kentini peyzaj sehirciligi kapsaminda
degerlendirmek adina yapilan hassas ve ekolojik acidan siniflandirmada; su gecirimliligi (gecirimli
yuzeyler), bitki 6rtusti analizi indeksi (NDVI), erozyon risk durumu, arazi ortisti-arazi kullanimi
verileri Analitik Hiyerarsi Sureci kullanilarak belirlenmistir (Sekil 23).
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HASSAS PEYZAJLARIN ANALIZI
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|
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Sekil 23. Bolu kent merkezi icin hassas peyzaj alanlarinin belirlenmesinde kullanilan yéntem akis semasi

Calisma alaninda iklimsel farkliliklar olmadigs igin iklim parametresi analize dahil edilmemistir.
Ayrica analizde egim, baki, ylikseklik, biytik toprak gruplari, arazi kullanim kabiliyet siniflari, jeolojik
kayac yapisi gibi parametreler gecirimlilik, erozyon ve arazi Ortlisii gibi analiz basamaklarinda
degerlendirildigi icin tekrar AHS’ne verilerin bir defadan fazla kullanimi engellemek igin dahil
edilmemistir. Analiz sonucunda elde edilen harita ile mevut ¢evre dizeni plant ve mevcut imar yapist
tizerinden Bolu sehir merkezinin peyzaj sehirciligi agisindan irdelenerek gelisim kararlari 6nerilmistir.
Elde edilen sonug haritast Sekil 24°de verilmistir.

BOLU KENT MERKEZININ PEYZAJ SEHIRCILIGi ACISINDAN DEGERLENDIRILMESI
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Sekil 24. Bolu kent merkezi hassas peyzaj siniflart haritast (Orijinal, 2021)
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Elde edilen sonug haritasina gére Bolu kent merkezinin yogun yapilagsmis bolgelerinde agirliklt
olarak 4. ve 5. derecede hassas peyzajlar yer almaktadir. Buna karsilik kent ¢eperi yakininda ise 2. ve 3.
derecede hassas peyzaj alanlari yer almaktadir. 1. dereceden hassas peyzajlarin yer aldigr bolgeler yitksek
gecirimlilige sahip, vejetasyon yogunlugunun ytksek oldugu, arazi kullanim tipi olarak tarim ve orman
alanlarinin yogunlukta oldugu, erozyon bakimindan disiik risk tastyan alanlardir. 1. ve 2. dereceden
hassas peyzaj alanlart korunmast gereken alanlar oldugu icin kentsel yaylimda g6z ontnde
bulundurulmali, gelecekte yapilacak imar planlarinda da dikkat edilmesi gereken alanlar olarak
degerlendirilmelidir.

Daha 6ncede belirtildigi Gizere, peyzaj sehirciliginin en 6nemli konularindan biri su yonetimidir.
Bu baglamda yapilan su gecirimliligi analizinde; Bolu kent merkezinin agirliklt olarak yiiksek gecirimli
alanlardan olustugu tespit edilmistir. Bu kapsamda gelecekte alanda sert zeminlerin ve yapisal
olusumlarin artmast durumunda su gecirimliligi olumsuz etkilenecektir. Peyzaj 6gelerinden bagimsiz
planlanan kentlerde su yonetimi basl basina bir problem teskil etmektedir. Bu nedenle peyzaji
olusturan tim O&gelerde oldugu gibi su gecirimliligi de peyzaj sehirciligi acisindan biylik 6nem
tasimaktadir. Kentler ve peyzaj 6geleri bir buitiin olarak ele alinmali, planlama ve tasarim yaklagimlarina
bu dogrultuda yon verilmelidir. Gergeklestirilen analizlerde Bolu kent merkezinin yapilasma olmadigi
dénemlerinde verimli tarim arazilerinin daha fazla oldugu fakat kentin gelisimi ile birlikte bu arazilerin
yerini yapilasmalarin aldig goriilmektedir.

Uydu gorintilerinden hesaplanan NDVI degerleri dogrultusunda Bolu kent merkezine iligkin
gerceklestirilen bitki yogunlugu incelemelerinde 1985 yilindan sonra bitki yogunlugunda 6nemli
gelismelerin oldugu gorilmektedir. 2020 yilina ait goriinttlerden elde edilen sonuglara gbre glney
yonde olduk¢a yogun bir bitki varligi gorilirken, kentin kuzeye dogru genislemesinin ve iklim
degisikliginin sonucu olarak kuzey boélgelere dogru bitki 6rtiistinde azalma gézlemlenmektedir. Fakat
yetlesim merkezleri i¢lerine dogru artan bitki Ortlisii grup ve akslart géze carpmaktadir. Bu durumun
peyzaj sehirciligi anlayisiyla yapilan ¢alismalarin bir getirisi oldugu agiktr.

Merkezden ¢epere dogru kademeli olarak azalan yogunlukta boélgelemeyi esas alan yeni
sehircilik yaklasimi; baglantililik, yiriinebilirlik, karma kullanim, kentsel estetik, akilli ulasim ve
stirdiiriilebilir bir cevreyi esas almaktadir (Grant, 2015; Ilke ve Ilke, 2017). Ulagim aglart kentleri
sekillendiren temel unsurlardandir. Bu nedenle peyzaj sehirciligi dahilinde olmast gereken 6nemli
konulardan biri konumundadir. Bir kentteki yol aglarinin yogunlugu, o yerlesim birimi igin
erisilebilirligini arttirmast, ticari ve sosyal hizmetleri tesvik etse de dogal peyzaj tizerinde de bozulmalara
ve kayiplara neden olmaktadir. Bu nedenle yol planlamasinda ekolojik anlamda duyarlt yaklasimlarin
uygulanmastna dikkat edilmelidir. Cevre diizeni ve imar plan kararlarina gore; Bolu Ili Kentsel Gelisme
Bolgesi Bolu merkez ilgeler ve Gerede alt bolgelerinden olusur. Biytk sehirleri birbirine baglayan bir
noktada bulunan Bolu ve Gerede Ilge Planlama Bélgeleri D100 Karayolu’nun yakin gevresini kapsar
ve disa dogru yogunlukta azalmalar gorilmektedir. Bu nedenle kent igerisinde var olan yogun trafik
akist, mevcut ve gelecek yol sistemleri ve ¢6ztimleri peyzaj sehirciligi bakis agistyla degerlendirilmesi
onemlilik arz etmektedir. Multidisipliner (tasarim, planlama ve mithendislik) ¢alisma gerektiren peyzaj
sehirciligi kapsaminda, kent ici yol peyzajlarinin diizenlenmesinde yaya ve bisiklet odakli, ekolojik
acidan duyarl ve sosyal yasamu destekleyici ¢ozimler tUretilmesi kentsel yasam kalitesine olumlu
katkilar saglayacak ve kentlerin canliligint ve yasanabilirligini arttiracaktir (Sekil 25).
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Sekil 25. Yaya, bisiklet ve ara¢ ulagimi icin yol tipolojisi 6rnegi

Yogun ve yiksek katl yapilasmanin hakim riizgar yonint (kuzey/kuzeybatt) kapatmast ve
hava sirkilasyonunun 6ntine ge¢mesi kent icin iklimsel ve hava kirliligi konularinda negatif etkiler
olusturacaktir (Taner, 2014).

Yapilan analizler ve kentsel gelisim durumu goéstermektedir ki, imar planlarinin dogal peyzaj
6zellikleri g6z Oniinde bulundurulmadan yapilmas: verimli tarim topraklarinin, ormanlarin yok
olmasina, buna bagl olarak gecirimli alanlarin zarar gérmesine, vejetasyon Ortlisinin tahrip olmasina
sebep olmaktadir. Bir kent gelisirken sadece yapisal unsurlarin géz 6niinde bulundurulmasi, dogal ve
kiltirel peyzaj degerleri 6zelliklerinin bu sisteme dahil edilmemesi saglikl, yasanilabilir ve uzun 6murla
bir kent sistemi olusmasina engel olacaktir. Sonu¢ olarak; ¢evre kalitesini iyilestirmek ve kenti
yasanabilir bir sosyal mekan olarak gelistirmek icin yesil-gti entegrasyonu, baglanti noktalari/yesil alan
aglar1 olusturma, birden fazla islev sunma, gelistirme, isbirlik¢i ve katilimer planlama yaklasimlarinin
benimsenmesi gibi ana prensiplere sahip yesil altyap: planlama yaklasiminin benimsenmesi (URL,
2018), kentsel peyzaj desenini bicimlendiren iliskilerin belirflenmesi, yeni desenler ve tasarim sistemleri
Gretmemiz icin egsiz olanaklar sunacags agiktir. Bu nedenle dogru planlama ve tasarim yaklasimlarinin
gerceklestirilebilmesi adina butincil bir yaklasim benimseyen peyzaj sehirciligi gibi teori ve
uygulamalarin kent sistemlerine dahil edilmesi gerekmektedir. Arastirma alaninda ¢alisilan yontem,
kentsel tasarim alaninda karar verme siireci i¢in yardimei veriler elde edilmesini saglayacaktir. Boylece,
tasarim butinligl bozulmadan kentsel mekana kimlik kazandiran peyzaj 6geleri dahilinde, farkls
gelisim stratejileri sunarak, sagliklt bir kentsel gelisim planlama asamalart i¢in bir 6rnek teskil edecektir.
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Se¢ilmis Cesitli Tiirk Susamlarinda Sesamin’in Tespiti ve Kantitatif Analizi
Ibrahim Seyda Uras'

Giris

Sesamum indicum L., Pedaliaceae familyasina aittir ve insanlar tarafindan kullanilan en eski yagh
tohum olarak kabul edilir ve genellikle susam olarak bilinir. Dtinya ¢apinda yetistirilir. Susam lipit, yag
asitleri, endojen antioksidanlar, proteinler, karbonhidratlar ve minerallerin zengin bir kaynagidir.
Susam tohumlar1 gida ve besin olarak kullanilmaktadir. Ayrica icerdigi mineraller ve vitaminler, coklu
doymamis yag asitleri, tibbi ekstreleri ve bunlarin 6nemli bilesenleri hem geleneksel tipta hem modern
tipta kanser, hipertansiyon, hafiza kaybi gibi hastaliklarin tedavisinde yaygin bir sekilde kullanilmaktadir
(Pal, Chandra, & Sachan, 2020).

Sesamum cinsine ait bir tir olan susam bitkisinin tohumlart gida alaninda yogun bir sekilde
kullanilmakta olup tohumlardan elde edilen susam yagt da stabil bir yag olmasi ve zengin aktif bilesik
igerigiyle saglk alaninda da 6nemli bir konuma sahiptir (Hama, 2017; Hassan, 2012). Susam
tohumlarinin yag igerigi oldukea ytksektir ve iilkemizde susam yagi tiretimi yapilmasina ragmen son
yillarda ne yazik ki Turkiye susam yaginin belirgin bir ithalat¢ist konumuna gelmistir (Secer, 2016).
Susam tohumlari sagliklt bir besin olarak kabul gérmektedir. Insan sagligl icin esansiyel olan bir¢ok
vitamini, besin maddesini mineral ve antioksidan bilesigi buinyesinde tasimaktadir (Anilakumar, Pal,
Khanum, & Bawa, 2010).

Sesamum indicum bitkisi tasidigt ugucu yagdan oOtiirti karakteristik bir kokuya sahiptir. Cografik
etkenlere bagli olarak degisen bir icerige sahip olmakla birlikte susam tohumlarindan elde edilen yagda
sesamol, sesamolin, sesamin, farkli yag asitlerinin gliserol esterleri ve miristik asite rastlanilmustir. a, vy,
d-tokoferoller de susam tohumunda yer alan ve susami 6nemli bir fitonutrient yapan diger bilesiklerdir.
Sesamolin  Sesamum  indicwr tohumunun  karakteristik bir bileseni olup diger cinslerde
rastlanilmamaktadir. Buna ragmen sesamin bitiin tiirlerde bulunmaktadir. Sesamol, sesaminol ve
sesamolinol gibi diger lignanlara da genel olarak eser miktarda rastlandmaktadir (Hwang, Lee, & Su,
2005).

1 {brahim Seyda Uras, Dr., Agrt Ibrahim Cecen Universitesi, Eczacilik Fakiiltesi, isuras@agti.edu.tr
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Sesamin Sesamol

Sesamolin

Sekil 1. Sesamum indicuns da bulunan lignan tiirti bilesikler.

S. indicumun terapotik 6zellikleri bircok arastirmaya konu olmus olup in vitro ve in vivo
deneyler ile bitkinin ve aktif bilesenlerinin hepatoprotektif, hipoglisemik, antihipertansif, antiostrojenik
ve antikanser 6zelliklere sahip oldugu gosterilmistir. Ayrica S. indicum’un Parkinson hastaliginin
tedavisinde kullanilabilecegi de gosterilmistir (Babatunji, Basiru, Oluwafemi, Sarah, & Abidemi, 2016).

2014 yilinda gerceklestirilen bir calismada ratlar tzerinde Sesamum indicnz tohumlarinin
profilaktik etkisi olup olmadigi incelenmistir. Iceriginde saponinler, flavonodiler, fenoller ve tanninler
bulunan sulu ekstrenin etanol toksisitesine karst profilaktik etkili oldugu gosterilmistir (Oyinloye et al.,
2014).

Yapilan bir diger in vivo deneyde besin takviyesi olarak verilen susam yaginin antipiretik
analjezik ve antienflamatuvar etkileri oldugu bulunmustur (Saleem et al., 2011). Bir diger calismada
susam yagl ve sesaminin, plevral eksiida olusumunu ve antiinflamatuar aktiviteyi dogrulayan 16kosit
gb¢und inhibe ettigini géstermistir (Monteiro et al., 2014)

Sesamin, ¢icekli bitki olan susamda (Sesamum indicums) bulunan yagda ¢oztinen bir lignandir.
Sesamin, Sesamum, Piper, Virola, Magnolia ve Camellia dahil olmak tzere farkli cinslere ait yaklasik
30 farkli bitkide bulunur. Yine de, S. indicum tohumunun yagi, yiksek miktarlarda sesaminin elde
edilmesi i¢in baslica bitki kaynagidir (Dar & Arumugam, 2013).
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Sesamin, terapotik uygulamalarda kullanilabilecek ¢ok ¢esitli 6zellikler gostermektedir. Yapilan
bircok arastirma sonucunda sesaminin 6nemli terapotik Ozelliklerinden birinin anti kanser etkisi
oldugu goriilmektedir (Majdalawieh, Massri, & Nasrallah, 2017).

Tumor bastirict ve antikanser etkilerin altinda yatan temel 6zelliklerinden biri, iyi ortaya
konmus bir antiproliferatif potansiyeldir. Sesaminin, 16semi, multipl miyelom ve kolon, prostat, gogiis,
pankreas ve akciger kanserleri dahil olmak tizere ¢ok gesitli timor hiicrelerinin proliferasyonunu
onemli 6l¢lide inhibe ettigi gosterilmistir. Sesaminin bu antiproliferatif etkisinin bir sebebinin gesitli
hticre dizilerinde doza ve zamana bagl bir sekilde NF-xB sinyal yolunu giiglii bir sekilde bloke etme
kabiliyeti oldugu gosterilmistir (Harikumar et al., 2010).

Dogrudan antiproliferatif aktivitesinin yani sira, sesamin ayrica antikanser 6zellikleri sergileyen
diger bilesiklerin antiproliferatif kapasitesini de artirabilir. Dogal bir E vitamini formu olan y-
tokotrienol, glicli antikanser potansiyeline sahip bir fitokimyasaldir. Sesaminin, y-tokottrienoliin
metabolik par¢alanmasint inhibe ederek yart 6mrint artirdigt gbz 6niine alinarak sesaminin, neoplastik
fare (+ SA) ve insan (MCF-7 ve MDA-MB-231) meme kanseri hiicre hatlarinda y-tokotrienoliin
antiproliferatif etkilerini sinerjik olarak artirma olasiligr arastirdmistir. Calisma sonucunda, sesamin ve
y -tokotrienoliin kanser hiicrelerine karst kombine tedavisinin spesifik ve sinerjistik antiproliferatif
roliiniin sitotoksik  degil sitostatik oldugu bulunmustur (Mohamed R. Akl, Ayoub, Abuasal,
Kaddoumi, & Sylvester, 2013).

Sesaminin regiile edilmemis proliferasyona ve tiimorijeneze karst koruyucu potansiyeli,
apoptozu indikleme kabiliyeti ile buyik O6lcide iliskilidir. Bir in vitro c¢alisgmada, sesamin ve
episesaminin insan lenfoid l6semi hiicrelerinde (Molt 4B) doza bagimli bir sekilde biytime
inhibisyonunu ve apoptozu gigli bir sekilde indtkledigi gosterilmistir (Miyahara et al., 2000). Bagka
bir in vitro ¢alismada, sesaminin apoptotik olaylari tetikleyerek akciger kanseri hiicrelerinin (MRC-5,
HEL299, H1299, A549, H1437 ve 293 T hucreleri) biytimesine karst koruyucu etkiye sahip oldugu
gosterilmistir (Wang et al., 2010).

2014 yilinda yapilan bir ¢alismada, sesaminin insan primer monositlerinde ve THP-1
htcrelerinde makrofajdan tiretilmis kemokinlerin (MDC) ekspresyonu tizerindeki etkilerini in vitro
oalrak degerlendirilmistir. Bu calisma sonucunda, sesaminin, MDC'ye bagli inflamasyona karst
baskilayict rolint epigenetik regtilasyonun yani sira ER, PPARa, p38 MAPK ve NF-xB'yi iceren
yolaklarin inhibisyonuyla gosterdigi ortaya konulmustur (C.-C. Hsieh et al., 2014).

Insan kronik miyeloid 16semi hiicre hattt (KBM-5) kullanilan in vitro bir calismada, sesamin
uygulamast ile (100 pM), MMP-9 ve hiicre i¢i adezyon molekilid 1'in TNFa ile indiklenen
ekspresyonunda 6nemli bir zamana baglt azalma gézlenmistir (Harikumar et al., 2010). Bu sonugla
uyumlu olarak, sesaminin (10-100 pg / ml), doza bagimli bir sekilde PC3 hiicrelerinde LPS ile
inditklenen MMP-9 ve ICAM-1 ekspresyonunu 6nemli 6l¢tide inhibe ettigi gosterilmistir (Xu, Cai, Liu,
& Guo, 2015). Elde edilen bulgular sesaminin potansiyel olarak timdr metastazini ve invazyonunu
hafifletmek i¢in terapétik bir ajan olarak kullaniabilecek glicli antimetastatik Ozelliklere sahip
oldugunu gostermistir.
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Sesamin ile yapilan in vitro ve in vivo galismalarda ortaya konulan aktivite ve mekanizma

iligkileri Tablo 1’de verilmistir.

Tablo 1. Sesaminin in vitro ve in vivo antikanser aktivitelerinin 6zeti

Antianjiyojenik ve pro-
anjiyojenik aktivite

VEGTF ekspresyon
inhibisyonnu

NF-»B yolaginin inhibisyonu

p38 MAPK yolaginin
inhibisyonu

(Xu et al., 2015)

Pro-otofagositik aktivite

EphA1l ve EphB2
fosforilasyonunun inhibisyonu

(Tanabe et al., 2011)

ERK1/2 yolaginin
modilasyonu

(M. R. Akl, Ayoub, &
Sylvester, 2012)

Antienflamatuvar Aktivite

MMP’lerin (MMP-1, MMP-2,

MMP-3, MMP-
(Freise et al., 2012)
9, and MMP-13) agagi
regiilasyonu
LA, JILAG, o TN (Kong et al., 2014)

tretiminin inhibisyonu

PPARa ve PPARY yolaklarinin
aktivasyonu

(C. C. Hsieh et al., 2014)

Pro-apoptotik Aktivite

Bcl—2 ekspresyonunun
regiilasyonu

(Deng et al., 2013)

GADD153 ekspresyonunun
artirilmasi

(Banjerdpongchai, Yingyurn,
& Kongtawelert, 2010)

p27 and p16 seviyelerinin
artirilmast

(Mohamed R. Akl et al., 2013)

Antiproliferatif etki

ABCB1 ve ABCB5’i inhibe
ederek MDR hticre
proliferasyonunun

baskilanmast

(Saeed, Khalid, Sugimoto, &
Efferth, 2014)
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Bu calismanin amaci, sesaminin bu etkileri g6z 6niinde bulundurularak Tiurkiye’de yetistirilen
susamlarin sesamin iceriklerinin tespit edilmesi ve kantitatif analizler iler sesamin tiretimi i¢in en uygun
olabilecek susam varyetelerinin belirlenmesidir.

Gereg ve Yontem

Bu calismada kullanilan susam tohumlart Turkiye’de 1slah edilmis ve yetistitlmekte olan susam
varyetelerinden secilmistir. Ege bolgesinden Cumhuriyet-99, Tanas, Osmanli-99, Orhan Gazi-99, Tan-
99, Sarisu, Kepsut susamlari, Batt Akdeniz bolgesinden Batem-Aksu, Baydar 2001, Muganlt 57,
Golmarmara ve Batem-Uzun susamlari analiz icin kullanilmuistir.

Susam tohumlarindan elde edilen yaglarin lignan igeriklerinin arastirlmasinda Agilent 1100
HPLC (ABD) cihazi kullanilmistir. HPLC analizleri Phenomenex Luna 5um C18 250 x 4.6 mm (ABD)
analitik kolon kullanilarak yuritilmistir. Analizde lighan iceriginin kontrol edilmesi icin Sesamin
(Sigma-Aldrich, ABD) ve Sesamol (Sigma-Aldrich, ABD) referans maddeleri kullanilmustir.

HPLC sonuglarinin degerlendirilmesinde ChemStation for 3D LC Systems yazilt kullanilmustir.
Sesaminin susam yaglarindaki kantitaif analizinde veriler GraphPad Prism 9.0 yazilimi yardimiyla
degerlendirilmis ve sonugclar elde edilmistir.

Calismak icin temin edilen susam tohumlarindan 100 gr alinarak esit miktarda susuz sodyum
sulfat ile iyice karistirilarak homojen bir karisim elde edilmis ve bu homojen karisim soxhlet aparatina
uygulanmak tizere bir kartusa yerlestirilmistir. Soxhlet diizenegi kurularak kaynama balonuna 500 ml
n-hekzan ¢oziiciisti eklenmis ve sisteme 1s1 verilerek susam yaginin elde edilmesine baslanmustir. Islem
8 saat boyunca devam etmis olup bu sire sonunda ekstraksiyon tamamlanmis ve islem
sonlandimlmustir. Kaynama balonunda bir karisim halinde bulunan susam yagi ve hekzandan, hekzan
evaporatOr yardimiyla ortamdan uzaklastirlmis ve susam tohumu yagi saf bir sekilde elde edilmistir.
Soxhlet aparati yardimi ile susam yaginin elde edilisi Sekil 2” de gosterilmistir

Elde edilen susam yaglarindan 1 gr tam tartim alinarak 10 ml kloroform ile ¢6zme islemi
gerceklestirilmistir. Daha sonra 10 ml metanol de eklenerek susam yagi 1:1 kloroform metanol
karisiminda ¢Ozulmusttr. Karistm vortekslenerek susam yaginin tam ¢6ziinmesi saglanmustir.
Numuneler 0.45 PTFE filtreden gegirilerek stiztilmis ve HPLC sistemine verilmistir (Kim, Yun, Lee,
& Kim, 2020).

Kantitatif analizlerin gerceklestirilmesinde harici standart metodu kullandmistir. Bu metotta
ornekler ve standart madde ayri ayri hazirlanip analiz edilerek sonuglarin kiyaslamast yapilmaktadir.
Sesamin maddesinin seri dilisyonu hazirlanip HPLC sonucundan maddeye ait pikin olusturdugu alan
bulunmus ve grafik denklemi elde edilerek kantitatif analizler gegeklestirilmistir.
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Sekil 2. Soxhlet aparati ile susam tohumlarindan sabit yag eldesi
HPLC analizlerinde kullanilan gradient ¢6ztict sistemi Tablo 2’de gosterilmistir.

Tablo 2. HPLC analizlerinde kullanilan gradient ¢6zticii sistemi

Time(min) Methanol (%) Water (%) Flow (ml/min)
0.00 30 70 1.000
0.01 3 97 1.000
4.00 80 20 1.000
5.00 18 82 1.000
10.00 35 65 1.000
15.00 62 38 1.000
18.00 80 20 1.000
22.00 80 20 1.000
23.00 5 95 1.000
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26.00 5 95 1.000
Bulgular

Yapilan HPLC analizleri sonucunda sesamin maddesinin retansiyon zamaninin 23.48 oldugu
bulunmustur (Sekil 3).

[T DPDLD, S0-2304 =360, 100 (SUSAVI VAT TTTATIFSESAVIN STD 20010406 1006 SAKCNVA SESAVING 6L0)

Sekil 3. Sesamin maddesinin retansiyon zamani

Sesamin maddesinin 2 boyutlu ve 3 boyutlu maksimum UV absorbanslart incelenerek safsizlik
olup olmadig: tespit edilmistir (Sekil 4, Sekil 5).

[ *DADI, 23483 (1419 mAUAR) Re=25.986 of KONYASESAVINOGLD

1400+

Sekil 4. Sesamin maddesinin 2 boyutlu maksimum UV absorbansi
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Sekil 5. Sesamin maddesinin 3 boyutlu maksimum UV absorbanst

Standart maddenin retansiyon zamani ve UV absorbansi belirlendikten sonra analize verilen
susam tohum yaglarinda bu retansiyon zamanina sahip madde aranmis ve sesamin molekulinin alinan
tim susam tirlerinde az veya ¢ok bulundugu tespit edilmistir. Her bir susam yagi 6rnegi ve standart
3 tekrar ile analiz edilmis ve degerlerin ortalamasi alinarak hesaplamalar yapilmustir. Sesamin standardi
0.2, 0.4, 0.6, 0.8, 1, 1.5 mg/ml konsantrasyonlarinda hazirlanarak kantitatif hesaplama icin ihtiyag
duyulan denklem elde edilmistir (Tablo 2).
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Tablo 2. Sesamin konsantrasyon-alan grafigi

SESAMIN KONSANTRASYON-ALAN GRAFIGi

40000

35000

y =2793x + 1451 32656
R? =0.9857

30000

15000

10000

5000

0 0,2 0,4 0,6 0,8 1 1,5
KONSANTRASYON

Elde edilen grafik dogrultusunda susam yagi Orneklerindeki sesamin maddesinin miktart
hesaplanmis ve Tablo 3’te gosterilen veri elde edilmistir.

Tablo 3. Analiz edilen susam orneklerindeki sesamin miktari

Sesame Tohumu Ornegi Sesamin Igerigi (mg/g ham susam tohumunda)
Batem-Aksu 0,72
Baydar-2001 2,25
Muganli-57 2,72
GoOlmarmara 2,57
Batem-Uzun 4,90
Cumbhuriyet-99 4,83
Tanas 4,21

171



Utras, Ibrahim Seyda; Segilmig Cesitli Tiirk Susamlarinda Sesamin’in Tespiti ve Kantitatif Analizi

Tablo 3. Devam

Osmanli-99 4,25
Orhan Gazi-99 4,94
Tan-99 2,30
Sarisu 3,09
Kepsut 1,14

Sonug ve Tartigma

Calismada Ege Bolgesinden yedi, Batt Akdeniz bolgesinden 5 olmak tizere toplam 12 susam
tohumu 6rneginden susam yaglari elde edilmistir. Elde edilen yaglarin HPLC analizleri yapilmus ve
susamlarin tamaminda sesamin maddesinin bulundugu tespit edilmistir. Yapilan kantitatif analizler
sonucunda sesamin igerigi en yiiksek olan susamlarin Batem-Uzun, Cumhuriyet-99 ve Orhan Gazi-99
varyeteleri olduklari belirlenmistir.

Tirkiye’de susam ekimine ayrilan alan 1990 yilindan giinimiize gelene kadar surekli dists
gostermistir. Gunumuze yaklastikca tretimde verim artmis olmasina ragmen bu artis Uretime
yansttilamamis, Uretim her gecen yil azalmustir. Bu sebeple susam ithalati her yil giderek artmistir ve
Ttrkiye susam dis ticaretinde net ithalat¢t konumuna gelmistir. Turkiye’nin bir¢ok bélgesinde susam
ckimi yapilirken en ¢ok ekim alaninin ayrildigt ve en yiksek miktarda tiretimin yapildigi bolgeler Ege
ve Akdeniz bolgeleridir. Bu sebeple bu calismada da bu bélgelerde yetistirilmekte olan susam 6rnekleri
temin edilerek calisilmustir (Secer, 2016).

Elde edilen sonuglar ¢ susam Orneginin sesamin igerigi acisindan zengin oldugunu
gostermektedir. Bu 6rneklerden Batem-Uzun Akdeniz bolgesinde yetistirilmekte olup, Cumhuriyet-99
ve Orhan Gazi-99 Ege bolgesinde yetistirilmektedir. Bu sonug her iki bélgedeki kogullarin sesamin
agisindan yiiksek verime sahip turlerin 6zel olarak tretilmesi igin uygun iklimsel kosullara sahip
olduguna isaret etmektedir. Susam temininde ithalat¢t konumunda bulunan Turkiye igin, sesamin
tretimine odaklanilarak sesamin tretimine yonelik bir planlama yapilmasi tlkeye katma degert yiiksek
bir ekonomik ¢ikt1 sunacaktir.

Tesekkiir
Sesamin standart maddesinin temininde yardimci olarak bu ¢alismaya katki sunan Necmettin
Erbakan Universitesi’nde gbrev yapmakta olan Dog. Dr. Ahmet Unver’e tesekkiirlerimizi sunariz.
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Giris

Sit ve siit Urtnlerine mikrobiyolojik gtvenliklerini ve raf émurlerini saglamak i¢in 1sitma
islemleri uygulanmaktadir (Wada ve Lonnerdal, 2014). Dogrudan tiiketime sunulan stit ve spesifik siit
urtnleri icin kullanilan 1sitma yontemlerinin ana kategorileri pastérizasyon, kutu igi sterilizasyon ve
UHT yontemi olarak smniflandirilmaktadir (Deeth ve Lewis, 2017; Schmidt ve ark., 2017). Sitte,
sicaklik-zaman kombinasyonlarina, kullanilan 1sitma yontemine ve st 6n isleme kosullarina baglt
olan bir¢ok kimyasal ve biyokimyasal degisiklikler meydana gelmektedir (Boitz ve Mayer, 2015).

Lisinoalanin (LAL) ise proteinlerin alkali muamelesi veya protein iceren gida maddelerinin
1s1itilmast sirasinda istenmeyen ikincil bir Grtin olarak tretilmektedir. Protein ¢apraz baglanmasinin
kapsami, olusumu islem sirasinda karsilasilan notr veya alkali kosullar altinda uygulanan 1sil
islemlerle tesvik edilen, yaygin olarak calisilmis bir protein ¢apraz baglayict olan lisinoalanin (LAL)
seviyesi ile aciklanabilir (Friedman, 1999). Olusumu alkali pH ve indirgeyici sekerlerin yoklugu ile
arttinlldigr icin ¢ok yitksek lisinoalanin seviyeleri endistriyel kazein ve kazeinatlart karakterize
etmektedir (Resmi ve ark., 2003). Beslenme agisindan alkali ortamda 1s1l islemin verdigi zarar proteinin
igerdigi lisin kaybina bagli olarak Maillard reaksiyon trtnleri olusumu ile iliskilidir (Faist ve ark., 2000).
Reaktiflerin (amino ve karbonil bilesikleri) dogasi, konsantrasyonu ve orani, sicaklik, zaman, pH ve su
aktivitesi gibi bir¢ok i¢ ve dis faktor, Maillard reaksiyon triinlerinin verimini ve tiriini etkilemektedir
(Liu ve ark, 2012). Uriinlerde LAL orani yiiksekse, bu, siitiin veya siit iiriiniiniin islem sirasinda ¢ok
yiksek sicakliklara maruz kaldigi veya cok uzun siire islemden gecirildigi anlamina gelmektedir.
Uzun raf 6murld drunlerin Gretimi ve siitiin 1s1l islemi sirasinda serin, fosfoserin, glikoserin, sistein
veya sistin dehidroalanine donustirilebilmekte ve daha sonra lisin, histidin veya sistein ile
lisinoalanin (LAL), histidinoalanin (HAL) veya lantiyonin (LAN) ¢apraz baglar elde edilmektedir
(Nielsen ve ark., 2020). Proteinlerin besin degeri, sindirilebilirligi ve islevselligi, kovalent ¢apraz
baglarin, modifiye edilmis amino asit kalintilarinindan etkilenebilmekte, (Nielsen ve ark., 2020) lisin
ve sisteinin besinsel kullandabilitligini azaltmaktadir (Corpet ve ark., 2008).

AB UHT siit mevzuatina gore stt 135 °C gibi dustik olmayan bir 1s1] islem uygulamasindan
sonra aseptik kosullarda paketlenmekte ve oda sicakliginda tutulmaktadir (Anon, 2005). Sttin kalite
parametlerindeki eksiklik kalitesiz olan ¢ig stitiin sanitasyonunu saglamak ve bitmis trtintin raf 6mriini
uzatmak icin UHT olarak islenecek siitiin agir1 islenmesine neden olabilir (Anon, 2005a). Siit protein
tozlarinin asirt islenmesi kazein misel yapisinda degisikliklere yol acabilmektedir. Sit asidifikasyonu
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uygulandiginda kazein modifikasyonu, kazein fraksiyonundaki inorganik koloidal fosforun
belirlenmesi ile kolaylikla tespit edilebilmektedir. Bu yaklasimin, isleme sirasinda benimsenen farkls siit
asitlestirme seviyeleri arasinda ayrim yapmada hassas oldugu kanitlanmustir (Cattaneo ve ark., 2012).

Lisinoalanin Olusumu

Reaksiyonun ilk asamasinda dehidroalanin olusumu, bir ElcB (elimination unimolecular
conjugate base) veya E2 reaksiyonu olabilen bir 3-eliminasyonu yoluyla gerceklesir. E1cB reaksiyonu,
bir OH"'nin bir karbanyon ara maddesi olusturmak icin serin, fosfoserin, glikoserin, sistin veya
sistinden bir a-protonu ¢tkardigt ve ardindan dehidroalanin olusturmak igin bir B-pozisyonunda bir
grubun ayrildigi iki asamali bir sirectir. Dehidroalanin olusturmak icin farkli amino asit yan
zincirlerinin reaktivitesi, lisinoalanin olusumunun ilk asamasindaki asitliklerine baglidir. Asit ne kadar
guicliyse, grup o kadar iyi ayrilmaktadir (Clayden ve ark., 2012).

B-kazein, a-sl-kazein, a-s2-kazein, x-kazein, B-laktoglobulin ve a-laktalbiminin amino asit
sekanst sirastyla 16, 16, 17, 13, 7 ve 7 serin kalintisint icer. Serinlerin fosforilasyonu dehidroalanin
olusumundaki reaktivitelerini arttirir. Sistein ve sistin kalintilart da dehidroalanin olusumunun
onctleridir ve bunlarin icerigi peynir alti suyu proteininde kazeine gére ¢ok daha yiiksektir (Liu ve ark.,
2019). a-laktalbimin ve B-laktoglobulinin amino asit dizisi sirastyla 8 ve 5 sistein kalintist icerirken, o-
s1-kazein, a-s2-kazein, 3-casein ve x-kazein sirastyla yalnizca 0, 2, 0 ve 2 sistein kalintist igerir. Peynir
altt suyu proteinlerindeki bu sistein kalintilarinin ¢ogu, distlfid baglari (sistin kalintilarr) yoluyla
birbirlerine kovalent olarak ¢apraz baglanir ve bu da dehidroalanin olusumundaki reaktivitelerini artirir.
Proteinin 1sitilmast ayrica sistein kalintilart Gzerinde daha reaktif -SH grubu ve ardindan proteinler
arasindaki disiilfid baglarinin yeniden duizenlenmesi ve sistin kalintilarinda muhtemelen artigla
sonuglanir (Lowe ve ark., 2004; Patel ve ark., 2000). Sistin kalintilar, distilfid bagli olmayan sistein
kalintilarindan daha reaktif oldugu icin dehidroalanin olusumunda bir artisa katkida bulunabilir.

Maillard reaksiyonlart ile kovalent enzimatik olmayan proteinlerin ¢apraz baglanmasinin, siit
protein trtnlerinde, indirgeyici seker (laktoz gibi) ile proteinlerden veya polipeptidlerden serbest
amino grubu (lisin gibi) arasindaki ilk reaksiyonu iceren ana agregasyon mekanizmalarindan biri oldugu
varsayllmaktadir. Bu agregalarin kimyasal yapilart ve olusum mekanizmalari tam olarak anlagilmasa da
Maillard reaksiyonunun son agamasinda meydana geldikleri ileri sirtiilmektedir. Bununla birlikte, LAL
capraz baglarinin olustugu yerde sekerden bagimsiz baska bir capraz baglama reaksiyonu birlikte
meydana gelebilir. LAL ¢apraz baglari, capraz bag olusumunun ayni veya farkli polipeptit zincitlerinde
yer almasina baglt olarak hem molekil i¢ci hem de molekil dist olabilir. Bu nedenle, amino asitler
arasinda bu yeni kovalent ¢apraz baglarin olusumu, protein kiimelesmesine katkida bulunabilecegi gibi,
protein islevselligindeki degisikliklere de katkida bulunabilir. Bu kovalent protein ¢apraz baglari, 1sil
islem g6rmus sitte tanimlanan asl-kazeinin distlfid olmayan kovalent gapraz baglanmasini da
aciklayabilir (Larsen ve ark., 2010).

Lisinoalanin olusumunun ikinci asamasinda kimyasal yakinliklart nedeniyle dehidroalanin,
lisin-amino grubu ya da sisteinin tiyol grubu ile reaksiyona girmekte (Rombouts ve ark., 2010) ve
reaksiyon buytk 6l¢iide geri déndurilemez oldugundan, lisin ve sistein igeriginin degeri neredeyse
tamamen bloke edilmektedir (Sieber ver ark., 2007). Fakat dehidroalanin sisteinin tiyol grubu ile
lisinin e-amino grubuna gore daha hizl reaksiyona girmektedir (Rombouts ve ark., 2010). Sig1r siitti
proteinlerindeki lisin igerigi esas olarak peynir altt suyu proteinlerinde bulunan sistinden ¢ok daha
yuksektir (Liu ve ark., 2019). Ayrica, lisinoalanin elde etmek i¢in dehidroalanin ile reaksiyona giren lisin
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arttk biyolojik olarak kullanilabilir olmayacaktir ve boylece proteinlerin besin degerini azaltacaktir
(Hellwig ve ark., 2014).

Siit ve Siit Uriinlerinde Tespit Edilen Lisinoalanin
Cig ve UHT Siitte Lisinoalanin Igerigi

Lisinoalanin, ¢esitli st proteini bazl urtnlerde tanimlanmustir. (Calabrese ve ark., 2009;
Cattaneo ve ark., 2012). Stt ve stit triinlerin depolanma sartlari lisinoalanin olusumuna yol agmakta
ve depolama siiresinin uzamast lisinoalanin konsantrasyonunu daha da artirabilecegi bildirilmistir (Al-
Saadi ve Deeth, 2008). HPLC ve tirevlendirme kullanan bir calisma, UHT sttteki LAL
konsantrasyonunun 62 ppm oldugunu ve 45 °C'de 12 hafta depolamadan sonra hizla yaklasik 169
ppm’e ylkseldigini tespit etmislerdir (Al-Saadi ve Deeth, 2008). Sieber ve ark. (2007), tarafindan UHT
urinlerde (igilen siit, tam krema, kahve kremas: ve yogunlastirilmus siit) lisinoalanin tayini tizerine
yapilan ¢alismada UHT kahve kremasinda yiksek oranda LAL tespit edilmistir. Al-Saadi (2012),
yiksek performansl sivi kromatografi (HPLC) kullanarak Avusturalya’da marketlerde satisa sunulan
sut Urtnlerinde 1sitma stresi ve sicakliginin lisinoalanin tizerine etkisini 6l¢mek icin yaptigi bir
calismada lisinoalanin konsantrasyonunda artan sicaklik ve stire uygulamasina paralel olarak arttigint
bildirmistir. Inek siitiiniin lisinoalanin igerigi sitilmamis siitte 5,2 ppm ham protein ve bu degerin 20
dakika 80°C ve 90°C'de 1sitildiktan sonra sirastyla 14,4 ve 14,9 ppm ham proteine yikseldigini tespit
etmistir. Bu sonuglar, LAL konsantrasyonunun sitin 1sil isleminin ciddiyeti i¢in bir belirte¢ olarak
kullanilabilecegini gostermektedir. Nielsen ve ark. (2020), Danimarka Arastirma Merkezi’nde tretilen
cig siit Ornekleri ve ticari olarak satisa sunulan pastorize (%4,7 laktoz) ve UHT (%4,7 laktoz) st
ornekleri ile ticari olarak tUretilmis olan misel kazein izolatlarinda (<%]1 laktoz) lisinoalanin miktart
Uzerine calisma yapmuslardir. Bu calisma sonucunda ¢ig sit ve ticari pastorize stitte lisinoalanin
miktarint LOQ'nun (miktar belirleme sinirr) altinda tespit etmislerdir. UHT siitte lisinoalanin
konsantrasyonlarint 32,6+13,4 pg mL" olarak tespit etmislerdir. Cattaneo ve ark. (2008)’de asir1
islemenin UHT sttiin termal hasarina etkisi 6lctiikleri bir ¢alismada %1,8 yag oranina sahip 12 farkls
(9 direk 1s1tma, 3 indirek 1sitma) UHT siit 6rneklerinde 23 °C’de 15, 30, 60 ve 90 gin stire ile depolama
sartlarinin etkilerinin lisinoalanin, laktuloz, furosin ve galaktosin tzerine etkisini incelemislerdir.
Arastirma sonucunda siddetli 1s1l islem uygulamasinin bu aminoasitlerin miktarinda artisa neden
oldugunu tespit etmislerdir. Lisinoalaninin depolama sartlarinda ilk kez olustugunu ve saklama
kosullarinda 4 amino asit icinde en hassas aminoasit oldugunu bildirmislerdir. Direkt 1sitmaya tabi
tutulmus UHT siit 6rneklerinde 0,7-9,0 mg/100 g protein olarak 6l¢miislerdir. Indirekt 1sitma yontemi
ile muamele edilen UHT sttlerde 5,7-6,1 olarak dl¢tilmustiir. Artan stre ve sicaklik dogrultusuna uygun
olarak lisinoalanin miktarinda diizenli bir artis tespit edilememistir. Fakat depolama streci boyunca
direkt 1sitma uygulanmus sttlerde raf 6mrinin sonuna kadar asamali olarak artarken indirekt 1sitmada
surekli artis goriilmemistir. Ist hasart parametreleri arasinda LAL oda sicakliginda en ytiksek olarak
%100 arasinda artis gostermistir.

Laktozsuz UHT siitte, siitin islenmesi ve depolanmasi strecleri arasindaki etkilesim siitiin
protein matrisinde degisikliklere neden olmaktadir ve bu degisiklikler siitiin kalite parametreleri ile
duyusal nitelikleri tizerine olumsuz etkilere neden olmaktadir (Nielsen ve ark., 2018). Ayrica, protein
modifikasyonlari, sindirilebilirliginin azalmast ve esansiyel amino asitlerin kaybina bagl olarak
proteinlerin besin degerini de degistirebildigi tespit edilmistir (Moscovici ve ark., 2014; Wada ve
Lonnerdal, 2015).
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Peynirde Lisinoalanin Igerigi

Hem stt bilesimini standartlastirmak hem de peynirin verimini artirmak amaciyla peynir
uretimi esnasinda bilesime cesitli kurutulmus stt bilesenleri ilave edilmektedir (Guinee ve ark., 2000;
Kelly, 2008). Ist ve alkali muamelesi ile tesvik edilen lisin ve dehidroalanin kalintilarinin
yogunlasmasindan tiireyen bir protein ¢apraz baglayicist olan lisinoalanin (Freidman, 1999) Mozarella
peynirinde stt proteini ve siit proteini konsantrelerinin eklenmesini tespit etmek ve bebek
mamalarinda 1s1 hasarlarint degerlendirmek icin (ID’Agostina ve ark., 2003) bir parametre olarak
6nerilmistir. Calabrese ve ark. (2009), LAL'nin ¢ig stitte bulunmadigint ve 6zellikle pasta flata tipi
peynirlerde LAL’in sonradan olustugunu bildirmislerdir. Resmini ve ark. (2003) yapmis olduklar
calismalar neticesinde her turli taze pasta filata peyniri de dahil olmak tizere orijinal Mozzarella'nin 8
ila 10 mg/100 g protein ve pasta flata tipi peynitlerin ise 0,2 mg/100 g proteinden daha dusik LAL
seviyelerine sahip oldugu tespit etmislerdir.

Pellegrino ve ark. (2010) Kibris’ta tretimi gerceklestirilen 35 adet Hellim peynirinde LAL
degetlerini ortalama 8,1 mg/100 g protein olarak tespit etmiglerdir. En yiiksek oranlar olgunlastirilmig
peynir Orneklerinde tespit edilmistir. Ayrica kazein ve yagsiz sit tozunun ilave edildigi peynir
orneklerinde LLAL degerleri ¢ok daha yiiksek olarak dl¢tilmustiir. Bu yiizden sttin kalite 6zelliklerinin
artirilmasi igin ilave edilen kurutulmus siit bilesenlerinin peynir 6rneklerindeki LAL oranint artirdigt
igin peynir bilesimine kuru stt bilesiminin katiip katilmadigint tespit etmek igin LLAL analizinin
yapilabilecegini bildirmislerdir.

Bebek Mamalarinda Lisinoalanin Igerigi

D’Agostina ve ark. (2003) ticari bebek mamalarinda LAL igerigini tespit etmek icin 23 farkli
toz veya stvt numune Uzerine calismislardir. Toz numunelerde, LAL miktar belirleme limitinin
altindayken, sivi numunelerde 86 pg/g, 390 pg/g ve 514 pg/g’a kadar protein iceren sivi mama
ornekleri tespit edilmistir. Cattaneo ve ark. (2009) sivi bebek mamalarindaki LAL iceriklerini 1,0-16,1
mg 100 g-1 protein araliginda tespit etmislerdir. Cattaneo ve ark. (2020) prematiire bebekler icin
gelistirilen formtller Gizerine yaptiklart ¢alismada kazein takviyesi bulunan ve bulunmayan 6rneklerde
LAL seviyelerini saptamaya calismuslardir. Anne sitinde ve katkisiz pastorize sttte LAL seviyesini
tespit edilebilen sinirin altinda belitlemislerdir. Kazein ilavesi olmadan tretilen 6rneklerde 1,6 g/100 g
protein, 12,5 g/100 g kazein ilaveli 6rnekte 8,1 ve 41,0 g/100 g kazein ilaveli 6rnekte LAL seviyesini
8,9 g/100 g protein olarak tespit etmislerdir. Seker (laktoz) oraninin azalmast ve kazein ilavesi
orneklerde belirgin miktarlarda LAL artist meydana getirmistir. Bebekler icin gelistirilen katkils
formiiller i¢in kesin bir 1st indeksi mevcut olmamasina ragmen (Cattaneo ve ark., 2020) farkli yazarlar

Ozellikle bebek mamalarinda LAL seviyelerinin azaltilmasi gerektigini vurgulamuslardir (Gilani ve ark.,
2012).

Kazeinatlarda ve Serum Proteinlerinde Lisinoalanin I¢gerigi

Kurutulmus stit proteinleri genellikle pastorize yagsiz sttten farkli teknolojiler uygulanarak elde
edilir. Kazein ve kazeinatlarin tiretim stireglerindeki kilit adim, kazeinin diger siit bilesenlerinden izole
edilmesi i¢in izoelektrik ¢Okeltme veya peynir mayast pihtilasmast kullanilarak elde edilebilen
kararsizlastirilmasidir. Asitle ¢Okeltilmis kazein daha sonra sodyum veya kalsiyum hidroksit ile yiiksek
bir pH degerinde yeniden ¢ozindirilmekte ve kazeinatlar Giretmek icin kurutulmaktadir (Martin ve
ark., 2008).
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Kazeinatlarda lisinoalanin igerigini Pellegtino ve ark. (2011) 12,8-539 mg/100g protein
arasinda tespit etmislerdir. Cattaneo ve ark. (2011) notr-alkali kosullar altinda puskiirtmeyle kurutma
islemine tabi tutulmus kazeinat Orneklerinde en yiksek LAL seviyelerinin tespit edildigini
bildirmislerdir. Kalsiyum kazeinatlarda sodyum kazeinatlara gére daha disik LAL seviyesi tespit
etmislerdir. Yani kalsiyum iyonlarinin LAL olusumu tzerine inhibe edici etkisinin oldugu ve bu
iyonlarin kazein fosfoserin kalintilarina baglandigindan B-eliminasyon reaksiyonunu engelledigi
dustntlmektedir. Ayrica kazeinatlardaki LAL seviyelerinin yiksek sicaklikta saklama kosullarinda
arttig1 tespit edilmistir (Higgs ve Boland, 2009).

Al-Saadi (2012), dustk 1s1 uygulamasi ile uretilmis yagsiz sit tozunun lisinoalanin
konsantrasyonu 49,4 ppm ham protein, orta 1sida 1si islem goérmus yagsiz stt tozu 179,9 ppm ham
protein ve ylksek 1sida 1s1l islem yagsiz siit tozlarinda lisinoalanin araligt 243,7-345,6 ppm ham protein
olarak tespit edilmistir. Bu ¢alismada, sodyum kazeinattaki lisinoalanin konsantrasyonlar: ortalama
856,1 ppm ham protein olarak tespit edilmistir ve sodyum kazeinat en yiiksek lisinoalanin igerigine
sahip urtn olarak kabul edilmistir. Sodyum kazeinatlardaki bu yiksek degerlerin trtntn
hazirlanmasinda sodyum hidroksit kullanimindan kaynaklabilecegi dustiniilmektedir. Nielsen ve ark.
(2020) tarafindan fizyolojik olarak uygun seviyelere (50 mg protein pg ml" soliisyonu) yeniden
yapilandirilmis bir misel kazein izolati tozundaki lisinoalanin konsantrasyonu 401,3+108,8 ug ml."'
olarak belirlenmistir. Misel kazein izolattnda UHT stite oranla ¢ok daha fazla lisinoalanin miktart tespit
edilmistir. Bunun temel nedeninin misel kazein izolatundaki disik laktoz igeriginden
kaynaklanabilecegi disuntlmistir. Bu, lisinlerin hem dehidroalanin hem de Maillard yollarinin bir
pargast oldugu gercegiyle ilgili olabilecegi ve bu nedenle seker seviyesi disiik oldugunda, daha yiiksek
lisinoalanin seviyelerine yol acan dehidroalanin yolunun tercihiyle sonuglanabilecegi dustintilmustiir.

Piskiirtme yontemi ile kurutulmus siit protein tozu tretiminde ve ytlksek sicaklik uygulamasi
(UHT) ile islem g6rmus sutin sterilizasyonunda kullanilan 1sil islem normu 6zellikle uzun sireli
depolama dénemlerinde proteinlerin yapisinda sorun teskil edecek degisikliklere neden olabilmektedir
(Al-Saadi ve Deeth, 2008). Cattaneo ve ark. (2011) protein tozlarindaki LAL seviyelerini stt
asidifikasyonu veya uretim siirecindeki laktozun uzaklastirilmastyla iliskilendirmislerdir. Fakat bu
seviyeleri hangisini indiiklediginin net olarak bilinmesinin mimkin olmadigini belirtmislerdir. Sieber
ve ark. (2007), kazeinatlarin LAL icermedigini ancak, farkli kurutulmus stit Giriinleri ve ¢ocuklar i¢in
toz yiyeceklerin bazilarinin yitksek seviyelerde LAL icerdigini belirtmislerdir. Ayrica hidrolize siit
proteinleri iceren sut tozlart ortalama 2296 mg LAL/kg protein icerdigi bildirmekteditler.

Lisinoalanin Olugumunun Saglik Uzerine Etkileri

Maillard reaksiyon triinleri ve gelismis glikasyon son uriinleri, proteinler ve karbonhidratlar
birlikte 1sitddiginda gidalarda tretilir. Ayrica in vivo olarak uretilirler, diyabetik komplikasyonlara,
kardiyovaskdler hastaliklara, bobrek bozukluklarina ve muhtemelen kansere neden olurlar (Bachmeier
ve ark., 2008; Vlassara ve ark., 2008).

Serbest ve proteine baglit LAL'nin biyolojik etkileri tartistimaktadir. Gida proteinlerinin dogal
olmayan 1st ve/veya alkali muamelesi sonucu olusan lisinoalanin gibi bazt amino asitlerin farelere
verildiginde bobrek hasarina (nefrositomegali) neden olabilecegi tespit edilmistir. Diyette LAL
varligina baglt bobrek degisikliklerinin sicana 6zgii oldugu gorilmektedir. LAL’in  diyetten
ctkarilmastyla nefrositomegalinin kayboldugu bildirilmistir. Ancak son bulgular, proteine baglh LAL
igeren ve igermeyen proteinler iceren karisik bir diyetle beslenen siganlarda hicbir etki gézlenmedigini
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gostermistit. Bu sonuglardan, 1st ve/veya alkali ile muameleye tabi tutulmus proteinlerin yemesi ile
baglantili olan insanlar i¢in saglik risklerinin distik oldugu sonucuna varilabilir (de Koning ve van
Rooijen, 2009).

Corpet ve ark. (2008)’e gére proteinlerin termolizi, potansiyel olarak toksik lisinoalanin ve olast
saglik tehlikeleri olarak kabul edilen alkilleyici ajan dehidroalanin gibi ksenobiyotik amino asitleri tiretir.
Bu yizden Toronto’da sicanlar tzerine yaptiklari bir arastirmada sicanlarin 6zel diyetlerine
azoksimetan ilavesinin yaninda islenmis (%15 termolize kazein) ve islenmemis kazein (%12 kazein),
termolize/termolize olmayan sodyum kazeinet ve azoksimetan ilavesi yapmuslardir. Elde edilen
bulgulara gore kazeindeki dehidroalanin konsantrasyonu, lisinoalanin konsantrasyonunun ytikselme
derecesine paralel olmadigi tespit edilmistir. Diyete eklenen termolize kazeninin sicanlarin agirligini
6nemli 6lcide azalttigini, Na-kazeinatin dehidroalanin igerigini artirdiginit tespit etmislerdir. Fakat bu
trtnlerin ACF’nin (bagirsak ve rektumda anormal kript odalart) biiytimesini tesvik etmedigini ve
herhangi bir toksitite kanitt tespit etmediklerini bildirmislerdir. Bunun yant sira mikroskopik
incelemede, pismis kazein partikiillerinin ortalama 170 um'lik bir boyuta sahip oldugunu, ancak Na-
kazeinat partiktllerinin ¢ok daha kugtk, yani 30 um oldugunu, kazein pargaciklarinin keskin kirtk cam
pargalart gibi gorindugini, Na-kazeinat pargaciklarinin ise daha az keskin gbrindigini tespit
etmislerdir. Diyete eklenen peynir 6rneklerinde termolizin peynirdeki dehidroalanin miktarini saptama
stnirinin altindan 3000 ppm dehidroalaninin tizerine ¢tkardigs tespit edilmistir. %306 1zgara peynir iceren
diyet sicanlar i¢in zehirli kabul edilmis ve bu peynirlerle beslenen sicanlarin digerlerine oranla daha az
yemek yedigi gbzlemlenmistir. Sonug olarak 1zgara edilmis peynitlerin ACF biytimesini tesvik etmedigi
ve olusan karsinojen madddelerin olusumunu tesvik etmedigi bildirilmistir. Fakat D’Agostina ve ark.
(2003) gore lisinoalaninin guvenlik sorunu hala ¢6zilmemis oldugundan, o6zellikle bebek
mamalarindaki konsantrasyonu en aza indirilmesi gerektigi vurgulanmaktadir.

Siit Uriinlerinde Olusan Lisinoalanini Onleme Yéntemleri
Cattaneo ve ark. (2008) e gore UHT stit tiretiminde yasal gerekliliklerin yani sira kalite agisindan

tuketici beklentilerini karsilamak icin 1sil islem/sicaklik kosullari, ¢ig sttteki normal spor sayisiyla

tatmin edici bir sterilite diizeyini garanti etmeli ve gereksiz 1sil islemden ve asirt 1sidan kaginmak icin
minimuma ayarlanmalidir. Bu ¢alismada elde edilen bulgularda asir1 1sitmanin lisinoalanin olusumunu
surekli artirmadigt tespit edilmistir. Bu durum iki sekilde degerlendirilmektedir:

1- Nominal zaman-sicaklik kosullarina dayali olarak islenen triintin kalitesini tahmin etmek mimkin
degildir.

2- Islemin diger parametrelerinin kendi tesisinden operatér tarafindan optimize edilmesi gerektigini
belirtmislerdir. Ayrica paketlenmis tGriinde 1s1 hasarini artiracak olan etmenler géz 6ntine alinmali ve
bu konuda iyilestirmeler yapilmalidur.

Cattaneo ve ark. (2008)’de yapmis olduklari calisma neticesinde cift sterilizasyon uygulamast
sonucu uretilen UHT siit 6rneginde ayni sartlarda fakat tek sterilizasyon uygulanmis 6rnege gére daha
fazla LAL olusumu tespit edilmistir. UHT stit tesislerinde aseptik dolgu tiplerinde basinct korumak
icin dolguya tekrar verilen sttlerde daha fazla LAL olusumundan otird béyle bir uygulamada
donustirilmis siitin oranint en aza indirmek icin siit isleyicileri tarafindan bir optimizasyon yapilmast
gerektigi bildirilmektedir. Stt triinlerinde LAL olusumuna; 1sil islem zaman/sicaklik kosullarinin islem
tiriniin, tesis o6zelliklerinin ve tesis yonetim kosullarinin (kirlilik giderilmesi icin temizlik 6ncesi
calisma stiresi) 1s1 hasarina katki saglayabilecegi de bildirilmistir.
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Imalat sirasinda uygulanan 1sil islem yogunluguna ek olarak bu tip iiriinlerdeki LAL seviyeleri
laktoz varligs ile ters orantili olarak tespit edilmistir. Toz 6rneklerdeki artik laktoz igerigi genellikle
endustriyel imalatta gerceklestirildikleri icin kurutmadan Once sitten izole edilen protein
fraksiyonunun yikama veya diyafiltrasyon asamalarinin etkinligine baghidir (Cattaneo ve ark., 2012).
Indirgeyici sekerlerin varligi Maillard reaksiyonuna neden olmakta ve bunun sonucunda cesitli
oranlarda LAL seviyeleri olusmaktadir (Pellegrino ve ark., 1999). Ayrica Maillard reaksiyonu sicaklik
ve nem mevcudiyetinde artmaktadir (Le ve ark., 2011).

Aynit zamanda 1s1l islemler sirasinda karsilasilan alkali kosullar B-eliminasyon reaksiyonlarint tesvik
etmektedir (Freidman ve ark., 1999), bu nedenle stit protein tozlarinin imalatt sirasinda nétrlestirme
veya asitlendirme asamast uygulanmadiginda nispeten daha yiksek LLAL seviyeleri beklenmektedir
(Cattaneo ve ark., 2012). Yiksek LAL seviyeleri disik laktoz igeriginin ve urtin notralizasyonu [3-
eliminasyon reaksiyonunu artirdigini dogrulamaktadir (Cattaneo ve ark., 2012).

SONUC

Sut ve sit urinleri gibi yliksek protein icerigine sahip trtinlerin alkali kosullar altinda yiiksek
1s1l isleme maruz birakilarak islenmesi bu triinlerde LAL konsantrasyonunu artirmakta olup triinlerin
kullanilabilir aminoasit iceriklerinde belirli oranlarda diisiise neden olmaktadir. Ozellikle kurutulmus
stt bilesenlerinin ve disuk laktoz icerigine sahip kurutulmus stit bilesenlerinin siit triinlerine ilave
edilmesi de bu trtinlerde LAL konsantrasyonlarinin artmasina sebebiyet vermektedir. Bu tarz Grtanleri
tiiketen bireylerin saglik durumlari tizerine etkisi tam olarak beliflenememis olsa da triinlerdeki LAL
konsantrasyonlarinin azaltilmasi gerektigi de dustintlmektedir. Isil islem siire ve sicakliginin optimize
edilmesi, hijyen ve depolama kosullarina dikkat edilmesi ile bu oranlar azaltilabilir niteliktedir. Ayrica
yapilan c¢alismalarin yetersiz oldugu gorilmekte ve Ozellikle saglik tizerine ve bu kosullarin
tyilestirilebilmesi tizerine yapilacak olan ¢alismalarin artirilmasi gerekmektedir.
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Yapilarda Tugla Duvarlarin Kaldirilmasinin Diigey Diizensizlige Etkisi

Omer Fatih SAK

1. GIRIS

Diinyada meydana gelen depremlerde hasar alan yapilar incelendigi takdirde bunlarin 6nemli
bir kisminin malzeme dayanimimnin disuklugl, proje tasariminin yetersizligi ve goc¢meye sebep
olabilecek kritik imalat hatalarinin mevcudiyeti sebebiyle agir hasar aldigt ve go¢me durumuna geldigi
gozlemlenmektedir. Depremde agir hasar géren binalara bakildiginda bunlarin 6nemli bir b6limiintn
yikilmasinda yumusak ya da zayif kat dizensizliginin etkisi oldugu belirtilebilir. Bu calismamizda
yapinin malzeme dayanimini yeterli seviyede olsa bile proje tasarimi ve imalat hatalarindan kaynakli
deprem performansinin yetersizligi tizerinde durulmus ve tugla duvarlarin yapinin dayanimina etkisi
irdelenmistir. Ozellikle zemin katta magaza, isyeri ya da otopark gibi alanlarin tasarlanmastyla birlikte
genis ve ferah bir alan istenmesi sonucunda kat yiikseklikleri artmakta ve bununla birlikte tugla duvarlar
ortadan kaldirilabilmektedir. Kat ytksekliginin artmasi, bilindigi gibi bu birimin kiipiiyle orantili olarak
tastyict elemanlarin rijitligini de azaltmaktadir. Bu durum Tirkiye Bina Deprem Yonetmeligi (TBDY)
2018de gectigi sekilde rijitlik diizensizligi ya da yumusak kat olusumuna ciddi mertebede katk:
saglamaktadir. Ayrica yumusak kat diizensizliginde hesaplanmakta olan kat 6telemeleri yapisal analiz
programlarinda tugla duvarlarin etkisi gbz 6ntine alinmaksizin yapildigi takdirde bu hesaplamalarin
hatali olabilecegi g6z Ontunde bulundurulmalidir.  Yine yOnetmeligimizde gecen dusey
dizensizliklerden bir digeri olan komsu katlar aras1 dayanim diizensizligi ya da zayif kat duzensizliginde
etkili kesme alant tanimlanmis ve burada tugla duvatlarin alant %15 mertebesinde hesaba dahil
edilmistir. Kriter olarak incelenen kattaki kolon, perde ve duvar alaninin %715’inin bir tist kattaki ilgili
alana oranmin 0,80’den kiiciik olmast durumu konulmustur. Burada hesaba dahil edilmesi gereken
parametrenin alan mi yoksa atalet momentleri mi olmasi gerektigi [1] ayrt bir tartisma konusu olmakla
birlikte bu ¢alismamizda tugla duvarlarin kaldirlmasinin yapinin disey dizensizliklere olan etkisi ve
alinabilecek 6nlemler tizerinde durulacaktir.

......

Bunun sebebi Sayin ve Kaplan [2] tarafindan yapilan bir ¢alismada duvar etkisinin dikkate alinabilmesi
i¢in olusturulmast gereken hesap modelinin karmasik ve gii¢c olmasi seklinde ifade edilmistir. Ayrica
tugla duvarlarin rijitlik ve stineklige saglamis oldugu katkilar giivenli tarafta kalinarak gbéz oniine
alinmamaktadir. Bayiilke [3] yapmis oldugu bir arastirmada perde duvarlarin asimetrik yerlesiminin
yapida burulma etkisine sebep olabilecegini ortaya koymustur. Tilin [4] arastirmasinda dolgu
duvarlarin sadece yiik olarak tanimlanmasinin yerine eleman olarak modele dahil edilmesiyle yumusak
kat duizensizliginin degerlendirilmesinde daha dogru sonuca ulasacagini géstermistir. Tugla duvarlarun
eleman olarak modellenebilmesi icin kullanilmakta olan metotlardan birisi FEMA-356’da da kabul
edilmekte olan esdeger basing ¢ubugu yontemidir. Bir diger metot ise sonlu elemenalar ile tugla

! Omer Fatih SAK, Dr. Ogr. Uyesi, Dogus Universitesi, Ingaat Mihendisligi Bélimi, osak@dogus.edu.tr
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duvarlarin alansal olarak modellenmesidir. Bu iki metodun ve aralarindaki farklarin ¢alisildigr bircok
makale mevcuttur [5, 6, 7, 8].

Irtem ve dig. [9], yapmis olduklart calismada deprem yonetmeligine gére tasarlanan ve sadece
yumusak kat dizensizligi bulunan yapi yiksekligini zemin katta arttirarak davranisin ne sekilde
degistigini dogrusal olmayan yontemlerle belirlemistir. Sonug olarak kat ytiksekliginin arttirilmasiyla
birlikte yapr rijitligi ve deprem performansinin 6nemli Slgide distigini ve yeterli giivenligi
saglayamadigini belirlenmistir. Baran [10] yapmis oldugu deneysel ¢alismada gercevede tugla duvar
bulunmasinin yanal yiik tasima kapasitesini bos ¢ergeveye oranla 3,5 kat arttirdigini ortaya koymustur.
Tuglanin stvanmis olmast durumunda bu kapasite 4,5 kata kadar ¢ikmaktadir. Depremde hasar alan ve
gbemeye sebep olan zemin katta tugla duvarlarin kaldirilmasinin yanal 6telenmeye etkisi bu ¢alismayla
net olarak ortaya konmustur. Mahmoud ve dig. [11] tarafindan yapilan bir ¢alismada tugla duvarlar
kaldirilan ve yumugak kat diizensizligi bulunan yapida yakin ve uzak deprem etkisi zaman tanim
alaninda karstlastirilmustir.

Tugla duvarlarin kaldirilmastyla meydana gelen yumusak kat ve zayif kat dizensizliklerinin
giderilmesi amactyla gliclendirme yontemleri tizerinde bir¢ok ¢alisma mevcuttur. Furtado ve dig. [12]
yumusak kat diizensizligini 6nlemek amaciyla 6rnek bir yap1 tizerinde kolon mantolama, gelik sargilama
ve betonarme perde ilavesini karsilastirmis ve sonug olarak enerji séniimleyicili (damper vd.) ¢elik
sargilamanin en etkili metot oldugunu géstermistir. Benzer bir deneysel ¢alisma Oztiirk ve Ogiiteii [13]
tarafindan yapilmus ve ¢elik diyagonal elemanlarin yumusak kattaki yanal ytik tasima kapasitesini %250,
enerji sonumlemesini ise %120 oraninda arttirdigt sonucuna ulasmistir. Bu ¢alismada kullanilan
diyagonellerden V sekilli profillerin ise X sekilli olanlara nispeten %25 daha fazla yik tasidigr test
edilmistir. Pinarbast ve Konstantinidis [14] tarafindan yapilmis olan bir ¢alismada ise yumusak kat
diizensizligi olan ve taban izolasyonu yapilmis bir yapinin sismik tepkisi arastirdmustir. Garip [15]
tarafindan yapilan bir calismada ise yumusak kat duzensizliginin yapt zemin etkisiyle birlikte
degerlendirilmesi durumunda rezonans etkisinin depreme dayanikli yap1t modellemesindeki 6nemine
deginilmistir. Buradan hareketle tugla duvarlarin modele dahil edilmesiyle degisen yapt periyodunun
deprem kuvvetlerini ve yapinin zeminle olan iliskisini degistirecegi sOylenebilir.

2. TEORIK ALTYAPI

TBDY 2018 [16] bolim 3.6.1°de tanimlanmis olan diisey diizensizliklere bakilacak olursa Tablo
1’den (yonetmelik Tablo 3.6) gortlebilecegi gibi zayif kat (B1) diizensizliginde katlardaki kolon, perde
ve duvar alanlari hesaba katilmakta ancak madde 4.9.1.3 (b)’de tanimlandigr sekilde gevrek
malzemeden yapilmis dolgu duvarlari ile gerceve elemanlarinin aralarinda esnek derzler yapilmasi,
cephe elemanlarinin dis gercevelere esnek baglantilarla baglanmast veya dolgu duvar elemanlarinin
cerceveden bagimsiz olmast durumunda duvar alanlart zayif kat hesabina katilmamaktadur.

Yumusak kat (B2) tirti dizensizlikte ise ortalama goreli kat Gtelemesinin bir Gst ya da bir alt
kattaki goreli kat Otelemesinin yikseklige orantyla hesaplandigi gorilmektedir. Burada ytkseklik
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......

degistirecegi gbz 6ntinde bulundurulmalidir.

Tablo 1. Yonetmelikte tanimlanan diiseyde diizensizlik durnmlar:

B — DUSEYDE DUZENSIZLIK DURUMLARI Ilgili
Maddeler

B1 - Komsu Katlar Arasi Dayanim Diizensizligi (Zayif Kat):
Betonarme binalarda, birbirine dik iki deprem dogrultusunun herhangi
birinde, herhangi bir kattaki roplam etkili kesme alani’nin, bir tst kattaki
toplam etkili kesme alani’na orani olarak tamimlanan Davanim Diizensizligi
Katsayis: v, 'nin 0.80"den kiigiik olmas1 durumu.

My =4, /(X 4,), <080]

Herhangi bir katta etkili kesme alaninin tanimi:
(Z ‘-ie )1 = (Z A\\' )1 + (Z ‘4g }1 + (0152 Ak )1

Not: 4.9.1.3(b) de tanimlanan duvarlar i¢in 4, =0 alinacaktir.

3.6.2.3

B2 — Komsu Katlar Aras: Rijitlik Diizensizligi (Yumusak Kat):
Birbirine dik iki deprem dogrultusunun herhangi biri i¢in, bodrum katlar
disinda, herhangi bir 1’inci kattaki ortalama goreli kat 6telemesi oranmin bir
iist veya bir alt kattaki ortalama goreli kat 6telemesi oranina bolinmesi ile
tamumlanan Rijitlik Diizensizligi Katsayisi N 'nin 2.0°den fazla olmasi 3.0.2.1
durumu.

I, =P /k), (A /h ), >2.0veya

i+l i+l

N = APy, 1AY ), > 2.0]

Gareli kat otelemelerinin hesabi, + %5 ek dismerkezlik etkileri de
gozdniine alinarak 4.7 ye gore yapilacalktir.

Tugla duvarin modele esdeger basing ¢ubuk metoduyla dahil edilebilmesi amactyla Stafford [17]
tarafindan gelistirilen goreceli rijitlik parametresini ifade edecek olursak,

A _ #|E; x t x sin(20)
P 4xE,x I +H

ey

seklinde tanimlayabiliriz. Burada E, dolgu duvarlarin elastisite modiliini, Ei, ¢ercevenin elastisite
modulint, t dolgu duvarlarin ve esdeger basing cubuklarinin kalinligini, I kolonlarin atalet momentini,
H dolgu duvarin yiiksekligini ve 0 degeri ise basing ¢ubugunun yatay ile yapmis oldugu agiyt
gostermektedir.

Mainstone [18] basing ¢cubugunda esas alinmak tizere 6nerdigi genisligi,

w=0,175x*d, * (A, « H")0* (2)
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formiliyle ifade etmistir. Buradaki d, esdeger basing ¢cubugu uzunlugunu, H’ net kat yiksekligini ve

H kat yiiksekligini gostermektedir.

Sekil 1. Esdeger basinge cubugn [19]

3. ANALITIK CALISMALAR

Analitik ¢alismalar iki kistmda incelenmistir. Oncelikle SAP2000 programinda 8 katlt analitik
bir yapt modeli esdeger basing ¢ubugu ve sonlu elemanlar kabuk metoduyla olusturulmus ve yumusak

kat durumunun meydana gelebilecegi sekilde kat yukseklikleri kademeli olarak 2.5m, 3m ve 3.5m olarak

girilmistir. Her model duvarsiz, esdeger cubuk ve kabuk modeliyle dogrusal metot olan esdeger deprem

yukii ve dogrusal olmayan metot olan zaman tanim alaninda analiz edilmigtir. Béylece her bir yap:

modeli ve davranisinin statik ve dinamik ytiklemeler altinda dogrusal ya da dogrusal olmayan yontemle

hesaplanan diizensizlik durumlart incelenmistir. Tkinci kissmda analizi STA4Cad programiyla yapilmis

olan bir grup mevcut yapida tugla duvar etkili analizler yapilmis ve bunun yapt periyodu, deprem

performansi ve diizensizlige olan etkileri tartisilmustir.

5 f
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2 §
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Sekil 2. Analitik Modeller ve Yap: 3B Gariiniinii
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Zemin katlari sirasiyla 2.5m, 3m ve 3.5m olarak girilen 8 katli yapida diger katlar 3m olarak
alinmistir. Kolonlar 40x70 cm?, kirigler 25x50 ¢cm” olarak tasarlanmistir ve bu yapilar tugla duvar
etkisini yuk (model 1), esdeger basing cubugu (model 2) ve zemin katta duvarlarin kaldirildigt esdeger
cubuk (model 3) olarak programa girilmistir. Sonrasinda bu yapilarda meydana gelen taban kesme
kuvvetleri esdeger deprem yiikd, spektral analiz ve zaman tanim alaninda analizlerle karsilastirlmis ve
modellemeden kaynaklanan farklar incelenmistir.

Taban kesme kuvvetlerine bakilacak olursa Tablo 2.’de goriilebilecegi gibi zemin kat yiiksekligi
artmasina ve dolayisiyla yap: agirligi artmasina ragmen deprem kuvvetlerinin azaldigr gézlemlenmistir.
Bunun temel sebebinin ise yapinin periyoduyla ilgili oldugu séylenebilir. Ayrica esdeger basing
cubuguyla yapilan modellemelerde deprem kuvvetlerinin yiikseldigi gérilmektedir. Buna gére yapinin
analizini yapmak kolonlarin gercekte daha zorlanabilecegi durumlari ortaya ¢ikaracaktir. Ayrica
dizensizliklerin deprem yonetmeliginde dinamik analizle “cezalandirilmasinin” aslinda kuvvetlert
azaltmak anlamina gelecegi esdeger deprem yuki ile zaman tanim alaninda hesaplanan taban kesme
kuvvetlerinden ortaya ¢tkmakta ve modelde gorilebilecegi gibi kuvvetleri %30-40 araliginda
azaltmaktadir.

Tablo 2. Taban Kesme Kuvvetleri (kN)

1. 2. 3. 1. 2. 3. 1. 2. 3.
Model Model Model Model Model Model Model Model Model

Esdeger Deprem Yiiki 1491,77 1790,68 1774,49 1456,95 1769,52 1744,45 1419,02 1745,12 1709,73
Spektral Analiz 958,84 978,67 993,85 961,90 100291 1024,64 962,42 1028,67 1056,53

Zaman Tanim Alani 928,26  1012,48 993,41 991,22 962,19 888,01 1019,53 864,41 860,07

Tablo 3.’de modal periyotlara bakildiginda yiiksekligin artmastyla birlikte periyodun yikseldigi
ve deprem yuktuntun bu yikselmeye bagh olarak da Sekil 3.’teki gibi degisecegi spektral yiikleme
grafiginden okunabilmektedir. Ayrica model 1’de duvarlarin sadece yik olarak alindigi tasarimda
periyodun yiiksek oldugu ancak duvarlarin modellendigi 2. ve 3. tasarimlarda periyodun distiigi
gbzlemlenmistir. Modal periyotlarin diismesinin ise deprem yiiklerini arttirict etkisi géz Ontinde
bulundurulmali ve tastyict elemanlar bu bakis agisiyla tasarlanmalidir.

Tablo 3. Modal Periyot ve Frekanslar

Model 1 2,5m 3m 3,5m
OutputCase StepType StepNum Period Frequency Period Frequency Period Frequency
Text Text Unitless Sec Cyc/sec Sec Cyc/sec Sec Cyc/sec
MODAL Mode 1 0,562 1,780 0,580 1,723 0,603 1,659
MODAL Mode 2 0,452 2,210 0,465 2,148 0,480 2,083
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Model 2 2,5m 3m 3,5m
OutputCase StepType  StepNum  Period Frequency Period Frequency Period Frequency
Text Text Unitless Sec Cyc/sec Sec Cyc/sec Sec Cyc/sec
MODAL Mode 1 0,433 2,312 0,447 2,237 0,464 2,156
MODAL Mode 2 0,338 2,963 0,348 2,877 0,359 2,785
Model 3 2,5m 3m 3,5m
OutputCase StepType  StepNum  Period Frequency Period Frequency Period Frequency
Text Text Unitless Sec Cyc/sec Sec Cyc/sec Sec Cyc/sec
MODAL Mode 1 0,442 2,263 0,463 2,160 0,489 2,046
MODAL Mode 2 0,343 2,915 0,356 2,806 0,372 2,688
runcuon Graph Function Graph
(0572 , 2156) (04357 , 2748)

Sekil 3. Periyot ile spektral ivmenin agaliminin grafigi

Sekil 3.’te yapt modellemesinde esas alinan DD2 depremi i¢in hesaplanan grafikte 0.572 sn’de
2.156 g degeri okunurken, 0.435 sn’de 2.748 g degeri okunmaktadir. Yani periyot azaldik¢a deprem
ivmesi artmakta ve dolayisiyla deprem kuvvetleri yitkselmektedir.
Tablo 4. Yumusak kat diizensizligi

Model 1

Model 2

Model 3

Model 1

1./2. Kat
0,35
0,38

0,42

2./1. Kat

2,87

Yumusak Kat Dlzensizligi " Degerleri (2,5m)

2./3. Kat
0,56
0,58

0,60

3./2. Kat

1,80

3./4. Kat
0,70
0,71

0,72

4./3. Kat

1,43

4./5. Kat
0,79
0,79

0,80

5./4. Kat

1,27

5./6. Kat
0,85
0,85

0,85

6./5. Kat

1,18

6./7. Kat
0,90
0,89

0,89

7./6. Kat

1,12

7./8. Kat
0,93
0,93

0,93

8./7. Kat

1,07
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Model 2

Model 3

Model 1

Model 2

Model 3

Model 1

Model 2

Model 3

Model 1

Model 2

Model 3

Model 1

Model 2

Model 3

2,63

2,37

1./2. Kat
0,36
0,39

0,43

2./1. Kat
2,79
2,58

2,32

1./2. Kat
0,36
0,39

0,43

2./1. Kat
2,76
2,57

2,32

1,73 1,41 1,26 1,18 1,12 1,08
1,66 1,38 1,25 1,17 1,12 1,08

Yumusak Kat Dlzensizligi " Degerleri (3m)

2./3. Kat 3./4. Kat 4./5. Kat 5./6. Kat 6./7. Kat 7./8. Kat
0,59 0,72 0,80 0,86 0,90 0,93
0,61 0,73 0,80 0,85 0,89 0,93
0,64 0,75 0,81 0,86 0,90 0,93

3./2. Kat 4./3. Kat 5./4. Kat 6./5. Kat 7./6. Kat 8./7. Kat
1,69 1,39 1,25 1,17 1,11 1,07
1,63 1,37 1,25 1,17 1,12 1,08
1,56 1,34 1,23 1,16 1,11 1,07

Yumusak Kat Diizensizligi " Degerleri (3,5m)

2./3.Kat 3./4. Kat 4./5. Kat 5./6. Kat 6./7. Kat 7./8. Kat
0,63 0,74 0,81 0,86 0,90 0,94
0,65 0,75 0,81 0,86 0,90 0,93
0,68 0,77 0,83 0,87 0,90 0,93

3./2. Kat 4./3. Kat 5./4. Kat 6./5. Kat 7./6. Kat 8./7. Kat
1,60 1,36 1,23 1,16 1,11 1,07
1,55 1,34 1,23 1,16 1,11 1,08
1,47 1,30 1,21 1,15 1,11 1,07

Yumusak kat diizensizliginin duvarlarin modellemeye dahil edilmedigi 1. tasarimda yiiksek

ctktigr ancak diger modellerde diistigi gozlemlenmistir. Ayrica kat yukseklikleri degistik¢e yumusak

kat diizensizliginin de degistigi ancak zayif kat diizensizliginin degismedigi hesaplanmustir.

Zayif kat diizensizliginin kat yuksekligiyle ilgisinin bulunmamasi dolayistyla alansal hesabin

durum tespiti i¢cin uygun olmadigi, bunun giderilmesi i¢in yiiksekligin de bir parametre olarak g6z

ontine alinabilecegi rijitlik gibi degerlerle incelenmesti gerektigi sGylenebilir.

Kolonlarin tasariminda gerekli olan donati alanlarina bakildiginda ise Sekil 4.’te gorildtgi gibi

esdeger basing cubuguyla yapilan modellemede daha az alan gerektigi gorilmektedir. Yani elaman

tasariminda daha optimum sonuglara ulasabilmek i¢in duvar elemanlarinin detaylt modellenmesi fayda

saglayacaktir.
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Sekil 4. Duvar modellenmemis yapz ile esdeder basing cubugnyla modellenmis yapilarin tasarimlar:

Ayrica dogrusal olmayan pushover analizi yapildiginda tagtyict elemanlarin performans
noktalarinda da belirgin farklar ortaya ¢ikmaktadir. Sekil 5.’te gorilebilecegi tizere tugla duvarin
bulunmamasi durumunda bunun modele yansitilmamasinin kritik hatalara sebep olacagi ve yapinin
gbeme noktasina gelecegi séylenebilir.

Sekil 5. Duvar modellenmemis yap: ile esdeder basing cnbugnyla modellenmis yapinin performansiar:

STA4Cad programiyla analiz edilen yapilar incelendiginde ise bazt yapilarda tugla duvarlarin
etkisi olmazken bazilarinda yiiksek seviyede olabilmektedir. Bu durum duvarin mesnetlenme sekline,
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kalinligina, kolon ve perde gibi elemanlara nispetle duvar alaninin dusiik olmasina baglt olabilmektedir.
Ayrica zemin kat kolonlarinin st katlara gére daha yiiksek boyutlarda tasarlanmast duvar etkisini de
dustrebilmektedir. Ayrica deprem yénetmeligi madde 6.1.3’te gectigi sekliyle “Yapisal olmayan eleman
veya donanimin agirhigt katin toplam agirliginin %10’undan biytik ise, eleman veya donanim bina
tastyici sisteminin bir parcast olarak kabul edilecektir. Bu durumda eleman veya donanimin kiitlesi ile
binaya baglantisinin rijitlik 6zellikleri, bina tastyict sisteminin deprem hesabinda géz 6ntine alinacaktir”
denilmektedir. Yani burada zayif kat dizensizliginde g6z 6niinde bulundurulan kesit alanindan farkl
olarak kiitlenin ve baglanti rijitliginin de deprem hesabinda g6z 6ntine alinmasi gerektigi goriilmektedir.
Ancak arzu edilen, tugla duvarlarin eleman olarak da rijitliginin g6z 6niine alinmasi ve daha dogru bir
bi¢imde zayif kat diizensizliginin tespit edilebilmesidir.

Incelenmis olan iki binanin bilgileri ve tugla duvarlarin etkisinin hesaba katilmast veya
katilmamast durumunda degisen parametrelere bakilacak olursa, ilk olarak Harun bey apartmani alti
katli betonarme karkas sistemden olusmaktadir. Yapinin duvarli ve duvarsiz olarak tastyict sistemi Sekil
6.’da gorilmektedir. Ayrica zemin kat plant Sekil 7.’de ve normal kat plani Sekil 8.’de verilmistir.

Sekil 7. Harun Bey Apartman: Zemin Kat Plant ve Duvarlar:
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Sekil 8. Harun Bey Apartman: Normal Kat Plan: ve Duvarlar:

Analiz sonucunda Sekil 9.’da gérildugt gibi kiris hasar ytuzdeleri, kolon kesme kuvveti dagilimi
ve hasar oranlarinda herhangi bir farklilik gérilmemistir. Ayrica deprem moment ve kesme kuvveti
kontrolinde kolon ve kirislerde duvar etkisi biiytik ¢tkmamustir. Yapinin ilk modunda duvar etkisiz
modelde periyot 1,27 sn iken duvar etkili modelde 1,21 sn’ye dusmistir. Yani yapr rijitliginde bir
miktar artmanin oldugu soylenebilir ancak bu deprem performansina fazla bir katki saglamamustir.
Bunun temel sebebinin duvarlarin zemin kattaki yogunlugu ve pencere bosluklarinin miktariyla ilgili
oldugu séylenebilir.

Sekil 9. Harun Bey Apartman: Duvar Etkisiz (solda) ve Duvar Etkili (sagda) Hasar Dagilunlar:
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Okan bey apartmant ise yedi katli betonarme karkas sistemden olusmaktadir. Yapinin duvarlt
ve duvarsiz olarak tastyict sistemi Sekil 10.’da gérilmektedir. Ayrica bodrum kat plant Sekil 11.’de ve
zemin kat plan1 Sekil 12.’de verilmistir.

Sekil 12. Okan Bey Apartmans Zemin Kat Plant ve Duvarlar:
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Okan bey apartmaninda duvar etkisi g6z 6ntine alindiginda kiris hasarlarinda herhangi bir fark
olmazken, ileri hasar bolgesindeki kolonlar artmis gd¢me bolgesindeki kolonlar azalmugstir. Bu durum
tugla duvar etkisinin géz 6niine alinmasinin yap1 performansint yikselttigini géstermektedir. Nitekim
performans sonuclarina gére zemin katta gbgme bolgesine gelen kolonlarin orani duvar etkisiz
modelde %068,5 iken, duvar etkili modelde %063,7’ye inmektedir. Deprem moment ve kesme kuvveti
kontrolinde 174 adet kolonun 76’sinda, 492 adet kirisin ise 18’inde duvar etkisi biytik ¢tkmistir. Duvar
etkili analizde periyot x yontnde 1,349 sn’den 1,339 sn’ye, y yonunde ise 1,13 sn’den 1,01 sn’ye
inmektedir. Analiz sonuglari deprem mithendisliginde periyodun azalmasinin rijitligin artmastyla iligkili
oldugu kabuliinii de dogrulamaktadir. Clnki tugla duvarlar az da olsa yapr rijitligine katks
saglamaktadir, hesaplarda bu durumun gbz 6ntine alinmasinin neticesi gorilmektedir. Sekil 13.’te
duvar etkili ve duvar etkisiz yap1 analiz modellerinin hasar dagilimlar goriilmektedir. Ayrica deprem
performans tablolari ¢alismanin ekinde verilmistir.

Sekil 13. Okan Bey Apartmans Duvar Etkisiz (solda) ve Duvar Etkili (sagda) Hasar Dagilimlar:

4. SONUC VE ONERILER

Calismamizda gorilebilecegi gibi yapilarda tugla duvar etkisi yapi rijitliginin hesaplanmasinda
rol oynamaktadir. Bu durum yapinin deprem davranisini tugla duvarlarin yogunluguyla orantili olarak
etkilemektedir. Ayrica zayif kat ve yumusak kat diizensizliginin belitlenmesindeki yaklasimlarin gézden
gecirilmesi gerektigi sonucuna ulagtlmaktadir. Yapida zayif kat diizensizliginin 6ntine gegebilmek igin
yapisal tasarim asamasinda zemin kattaki kolon ve perdelerin iist katlara gére daha yiliksek boyutlarda
modellenmesi gerektigi dustintilmektedir. Cinka zayif kat yaklagimindaki 0,8 orani sadece alt katlar
st katlara oranladigt icin bunlarin boyutlarinin ytiksek olmasi diizensizlige olumsuz etki yapmayacaktir
ayrica ileride projede hesaba katilmadig: sekilde tugla duvarlarin kaldirilmasi durumunda bir giivenlik
payt olusacaktir. Bunun i¢in zemin katta perde ve kolon kesitlerinin mimari projede tasarlanan duvar
alaninin %15’1 mertebesinde artirilmast 6nerilmektedir. Boylece duvarlarin kaldirilmast durumunda
tagtytct elemanlarinin kesitlerinin  arttirlmadigt duruma gore zayif kat hesabinda bir degisim
olmayacaktir.
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Yonetmelikte tasarim depreminde, tagtyict sistemde bulunan yapisal elemanlarin hasarlari kabul
edilebilir diizeyde, sinirl ve onarilabilir kalmasint 6ngérmektedir. Yani bu kabul, sinirli hasarin kabul
edilmesi, tastyict sistemin de elastik Gtesi davranisin kullanilmasina karst gelmektedir. Ancak, yatay ve
disey yukler tastyict sisteme etki edilirken elasto-plastik kabullerle ¢6ztimun yapilmasi, uygulanmasinin
zor olmasindan 6turt plastik mafsal kabuli en basit ¢6ztimdir. Plastik mafsal kabuli yapilirken, kesitin
geometrisi ve donatist 6nceden bilinmelidir. Kesitte kesme kuvvetinin ve burulma momentinin etkisi
g6z ardi edilir. Cinkt burulma diizensizligi olan yapilarda plastik mafsal kabuluntn de ki yapilan
tanimlamalar tartismaya actk bir hale gelir [7].

Statik itme yOnteminin amaci, yapinin tasarim deprem kuvvetleri altinda, tagiyict sistem
elemanlarinin dayanim ve deformasyon taleplerini tahmin ederek, yapidan beklenen performansi
degerlendirmek ve bu taleplere uygun performans seviyelerindeki kapasitelerin karsilastirilmasidir.
Aslinda, statik itme yonteminin kuvvetli bir temeli yoktur. Yapiya etki ettirilen yatay yuk neticesinde
elde ettigimiz tepkinin, esdeger tek serbestlik dereceli sistemin tepkisiyle iliskili olabilecegi varsayimina
dayanir. Bu da, tepkinin tek bir mod ile kontrol edildigini ve bu mod seklinin, zaman tanimlt tepki
boyunca sabit kaldigini ifade etmektedir [8].

Dogrusal olmayan statik itme analizi, yeni yapilarin tasarimi ve mevcut binalarin
degerlendirilmesinde performansa dayali hesap yontemlerinden bir tanesidir. Depreme dayaniklt yapi
tasarimi ve mevcut binalarin degerlendirilmesi asamasinda statik itme analizinde amag, yapiya etki
ettirilen yanal yik neticesinde hedef deplasman ve donme degerlerinin ilgili ydnetmelikler ¢ercevesinde
istenilen diizeyde kalip kalmadiginin tayin edilmesidir. Dogrusal olmayan statik itme analizi, bircok
hesap yonteminden pratik olmakla birlikte zaman tanim alanina gbére daha fazla yaklasim imkani
sunmaktadir. 3, 6 ve 9 katli, 4 aciklikli, kat yiikseklikleri 300cm, kolon ebatlart 60cm x 60cm ve kiris
ebatlart 40cm x 60cm olan okul olarak tasarlanmis betonarme cerceve sistemli binalara, statik itme

analizi uygulanarak, analiz sonuglarina gore taban kesme kuvveti, tepe nokta yer degistirmesi, i¢ kuvvet
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ve sekil degistirmeleri, meydana gelen plastik mafsal olusum mekanizmalari ile birlikte talep edilen
performans hedefleri incelenmistir.

Ulkemizin deprem kusaginda olmast ve son yillarda yasanan depremlerin sikliginin da artmast
g6z Onine alindiginda, yeni yapinin tasarlama asamasinda, sonuglarin daha gercekei ve dogruya
yakinsamada bizlere katki saglamasi, ayrica zaman konusunda sonuglarin daha hizli elde edilmesi
agisindan yeni yapi tasarimi ve mevceut binanin degerlendirilmesinde Sekil Degistirmeye Gore Tasarim
metodlarindan olan dogrusal olmayan statik itme analizinin uygulanmasinin daha dogru olacag
dusuntlmektedir.

Depremlerin kaynaklandigr yerytzt yirtiklar (faylar) dogru atilimli veya egim atilimli olmak
tzere ikiye ayrilmakta olup, dogrultu atiliml faylar da sag ve sol olmak tzere ikiye ayrilmaktadir.
Dogrultulu atilimlt faylar dike yakin bir dizlem boyunca yanal hareketlerin olusturdugu fay hatlaridur.
Ttrkiye ve ¢evresinde tektonik plakalar ve 6nemli aktif faylarin olmasi, ayrica Kuzey Anadolu Fayinin
dogrultu atilimli bir fay olmast sebebiyle, 1939 Erzincan ve 1999 Izmit depremlerini olusturan fay
sistemini bu zon olusturmaktadir [9].

Ulkemizden gecen Kuzey Anadolu Fay Hattt Marmara Bélgesinden tic fay koluna ayrilmakta
olup, Tablo-1" de goriildiigi tizere yiksek bir deprem etkinligine (Magnitude), ve tehlikelere sebebiyet
vermektedir [10].

Tablo 1.Marmara Bolgesinde 1860’den 2000 kadar meydana gelmis biiyiikliigii M = 6.0 olan depremler /70/

No Tarih Enlem Boylam Ms Yer

38 21.08.1859 40.3 26.1 6.8 Saros
39 22.08.1860 40.5 26.0 6.1 Saros
40 19.04.1878 40.7 30.2 6.0 Sapanca
41 09.02.1893 40.5 26.2 6.9 Saros
42 10.07.1894 40.7 29.6 7.3 Izmit
43 09.08.1912 40.7 27.2 7.4 Ganos
44 18.03.1953 40.1 274 7.1 Gonen
45 26.05.1957 40.7 31.0 7.1 Abant
46 06.10.1964 40.1 28.2 6.8 Manyas
47 22.07.1967 40.7 30.7 7.2 Mudurnu
48 17.08.1999 40.7 29.9 74 Izmit

2.LITERATURDE YAPILAN BiIRTAKIM CALISMALAR

Itme analizi, yapilarin veya elemanlarin dogrusal olmayan deformasyonunu tahmin etmemizi
saglar. Tasima guicii hesap yonteminden daha pratik, zaman tanim alanina gore daha fazla yaklasim
imkani sunan bu yontem, daha istikrarli sonuglar elde etmemize olanak saglamakla birlikte is yiikiinden
tasarruf etmemize de yardimct olmaktadir. Yazar tarafindan, giris kat yiksekligi 4 mt, diger katlarin
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yuksekligi 3.40mt olan 6 katl bir ofis binasinin SAP2000 programi yardimiyla FEMA 356’ ya gore
performans analizi yapilmis olup, analiz sonuglarina gére itme analizine gére deprem performans
degerlendirilmesi sonuglarini anlamak icin en az iki adet yatay yikleme modunun benimsemenin ve
ortalama deger kullanmanin daha dogru olacagint savunulmaktadir [11].

Statik itme analizi, Mevcut binalarin degerlendirilmesi ve yeni binalarin tasariminda
performans degerlendirilmesi agisindan popiler bir hale gelmektedir. Yazar tarafindan yapilan
degerlendirilmelerde itme analizi sonuglarinin dogrulugunun hangi durumlarda yeterli yada yaniltict
sonuglar vermis oldugu tzerinde bir ¢alisma yapilmus olup, dikkatlice gerceklestirilen bir itme analizi
sonuclarina gére siddetli deprem etkilerinde yapisal yonler hakkinda fikir verecektir. Oncelikle temel
modda itme analizi sonuglari iyl tahminler verecektir. Hatta elastik tasarimi zayif yonlerini de ortaya
cikaracaktir.(Mekanizmalarin asirt deformasyon taleplerinin dahil edilmesi)itme analiz sonuclarinin
degerlendirilmesi yapilirken olumsuz olarak ise yiksek modda yapilan yapilarin sonuglarinin etki
ettirilen yatay yik sonucunda ilk yerel mekanizmada meydana gelen sonuglari yapinin diger
zayifliklarini ortaya ¢ikarmayabilir [8].

Yazar tarafindan, 20 katli bir moment aktaran gelik gergeve sistemli yapida yapilan pushover
analizi sonucunda; elde ettigi pushover egrisi ve tavan yer degistirmesi tizerinde yapilan incelemelerde,
verilen yikiin binanin sinekliginin degerlendirilmesiyle ilgili olarak, herhangi bir yapisal analiz
sonuglarina benzer sekilde, itme egrisinin modelin 6zelliklerine baglt oldugu, ve bu 6zellikler
belirlenirken de P-A etkileri, mafsallarin degiskenligi 6nem arz etmektedir. Eksenel yikin bir
fonksiyonu olan kolonlar i¢cin modellemede mafsalda kuvvetlerin, plastik donmenin bir fonksiyonu
olarak ve plastikligin azaltilmasinin bir fonksiyonu olarak sertlesmesini ve yumusamay: igerir.
Deplasman kontroli, ¢ok katlt bir bina i¢in pushover egrisinin hesabi icin etkili bir yontem olarak
gozukmektedir. Dinamik pushover, statik pushover yontemine gére bir alternatif olup, herhangi bir
programla analiz yapilip sonuglarin karsilastirilmasinda fayda olabilecegi yazar tarafindan ifade
edilmektedir [12].

Perdelerin plandaki yerlesimi itibariyle burulma dtzensizligi olacak ve olmayacak sekilde iki
farkli 7 katl kirissiz désemeli yapilarak deprem performansint irdelemek adina dogrusal olmayan
artimsal itme analizi ve zaman tanim alanin yapilan analizler sonucunda; Perdelerin plandaki yerlesimi
yapida tespit edilen performans diizeyinin kontrolli hasar diizeyinde kaldigi, perde yerlesimlerin
burulma diizensizligi olusturacak sekilde yetrlesimi yapildiginda ise perdelerin yataydaki etkinliginin
azaldig1, deprem yiklerinin ise stnekligi sinirli kolon-kirissiz déseme tastyicilarinda daha etkin rol
oynadigt ve bu durumda burulma ve ikinci mertebe etkileri distintldigiinde kolonlarda meydana gelen
performans dizeyinin gé¢menin 6nlenmesi dizeyinden daha fazla seviyede oldugu gézlemlendigi
ifade edilmektedir [13]

Betonarme yapilarin  tasartmi ve degetlendirilmesinde dogrusal olmayan davranisin
kullanilmasi  eskilere dayanmaktadir. Ancak, zaman icerisinde betonarme malzemelerinin
davraniglarinin daha da iyi taninmast ve gelisen bilgisayar teknolojileri sayesinde sayisal hesaplarin
surece katkist neticesinde dogrusal olmayan davranisin ayrintili bir sekilde incelenmesine olanak
saglamistir. Yazar tarafindan “Betonarmede dogrusal olmayan davranis, TS500” de dogrusal olmayan
davranis ve Deprem Yonetmeliginde dogrusal olmayan davranis sistemlerinde yapilan incelemeler
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neticesinde; dogrusal olmayan davranisin betonarme tastyict sistemlerde uzun siiredir yonetmeliklerce
degisik seviyelerde yer aldigi, bir yapida daha gercekei kapasite ve davranis hesabiin mumkin
kilinmasi ve sistemin zayif taraflarinin belirlenmesine katki saglamasi, malzeme davransslari ile davranis
egrisinin daha gercekei belirlenmesi, mevcut bir binanin dogrusal davranisini yerine tasarimda dogrusal
olmayan davranisin kullanilmast durumunda hesaplarin daha gergekgi kilinmasinin uygun olacagy ifade
edilmektedir [14].

Deprem yiikleri altinda binalarin dogrusal olmayan davranislarinin belirlenmesinde bir ¢ok
analiz yontemi bulunmakta olup, yazar tarafindan 4,6,8, ve 12 katl yiikseklikleri ve periyotlart farkls
betonarme gergeve sistemden olusan binaya artimsal itme analizi uygulanarak, enerji esaslt dogrusal
olmayan artimsal itme analizi ve dogrusal olmayan zaman tanim alaninda dinamik analiz yapilarak
sonuglart karsilastirilmustir. Yapilan bu karsilastirmalar neticesinde; artimsal itme degetlerinin zaman
tanim alaninda dinamik analiz sonuglartyla tam olarak 6rtiismedigini, ancak sonuglarin yakin oldugunu,
uyarlanmis artimsal itme degerlerinin, klasik itme degerlerine gre zaman tanim alant sonuglarina daha
yakinsak oldugu, en yakin sonucun enerji esasli artimsal itme egrilerinden elde edildigi, kat
yuksekliginin artmasi sebebiyle yiiksek mod etkilerinin devreye girmesinden dolay1 6zellikle uyarlanmis
ve enerji esaslt artimsal itme egrilerinin zaman tanim alani sonuglarina gore daha yakin oldugu ifade
edilmektedir [15].

Dogrusal olmayan hesap yontemi, tastyict sistemin dogrusal olmayan davranisint daha gergekei
ele alindigindan bu yontem uygulanrken bir ¢cok parametreye ihtiya¢ duyulur. Bu durum mevcut binalar
i¢in uygulandiginda bircok belirsizligin ortaya ¢tkmasina sebebiyet vermektedir. Ayrica, dogrusal elastik
hesap yapan programlar bu degerlendirme yontemini kullanamaz. Cok daha ayrintli ve ¢6zim
tekniklerini iceren programlara ihtiya¢ artar. Elde edilen sonuclar ne kadar ¢ok fazla kabulle ortaya
ctkiyorsa, guvenilirligi de o derece daha az olacaktir. Bu yoéntemin esasini olusturan statik itme analizi,
dogrusal olmayan dinamik analiz yontemi olan zaman tanim alanina gére hesap yontemi ile arasinda
onemli derecede farklilik gosterdigi goz ardi edilmemelidir [10].

Yazar tarafindan, 3 aciklikli, 25 mt ytksekliginde, kolon ebatlart 25cm x60cm, kiris ebatlart
25cm x60cm olan 8 katli betonarme ¢ergeveli bir bina modeline yapilan tek modlu statik itme analizi
sonucunda; zemin sinufinin rijitlik degerlerindeki azalma sonucunda, tastyict sistem elemanlarinda sekil
degistirme ve i¢ kuvvet degerlerinin arttig1, taban kesme kuvveti, yer degistirme ve goreli kat 6teleme
degerlerinin Z4 zemin sinifinda en olumsuz degerlere ulastigr ifade edilmektedir [17].

Statik itme analizi, deprem taleplerinin belirlenmesinde, teorik olarak alt yapisi bilimselligi
kabul gérmiis, kullanilabilir, pratik bir analiz yontemidir [18].

Dogrusal olmayan analiz yontemlerinden birisi olan statik itme analizi yontemi sayesinde,
tastyict sistem elemanlarinda olusan hasatlar ve sonrasinda yapidaki kuvvet dagilimlar ve yapidaki
elemanlarin davranislart hakkinda nasil degistigi konusunda bir¢ok veriye ulasilabilmektedir [19].

Kuvvet veya gerilme cinsinden denge denklemleri ile birim sekil degistirme cinsinden ifade
edilen uygunluk denklemleri arasindaki iliski, kullanilan malzemenin gerilme birim sekil degistirme
iliskisinden yararlanilarak kurulmaktadir. Matematiksel ¢6ztimde kolaylastirmak agisindan deneylerden
elden edilen o-¢ egrileri idealize edilip, basitlestirilerek kullanilir [20].
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Priestley, Mander ve Park 1988 yilinda yapmis olduklari ¢alismalarda; dairesel ve dikdoértgen
kesitli sargilanmis beton kesitlerinin eksenel basing etkisi altinda davranisini géstermek amactyla bir
beton modeli 6nermislerdir [21].

Diinya genelinde bir¢cok bilim insaninca iki eksenli ve tek eksenli yikleme durumlari icin
gelistirilmis gerilme-sekil degistirme iliskisi gelistirilmistir. Bu modeller arasinda Tulin ve Gerstle,
Popovics, Attard ve Setunge, Wee vd., Young, Richard ve Abbott, Tomaszewicz, Saent, Saatgioglu-
Ravzi, Hognestad, Kent-Park, Sheikh- Gztimeri vb. bir ¢ok model yer almaktadir [22].

3. MATERYAL VE METOD

Bu arastirma makalemizde ele almis oldugumuz kat adetleri farkli 3 adet okul binasini
tasarlarken Istanbul 1li Beylikdiizii ilgesinde yapilmast planlanan betonarme yapilara ait, kolon kesiti
donatt yerlesimi Sekil-1” de, kiris kesiti donatt yerlesimi Sekil-2’ de gosterilmektedir. Kolon ve kirisler
i¢in y1g1lt mafsal girdilerini hazirlamak amaciyla XTRACT [23] yazilimt kullanilmis olup; beton ve gelik
sinifi, pas payt ve etriye bilgisi (¢api, adeti ve kurgusu) ve donati konfigiirasyonu belirlenen kesitlere ait
yigilt mafsal modeli olusturulmustur. Yapida kullanilmasi planlanan beton sinift C30, donatr geligi ise
B420C secilmistir.

Burada dikkat edilecek en 6nemli hususlardan bir tanesi ise yeni yapilacak binalarin sekil
degistirmeye gore tasariminda ve degerlendirilmesinde Yonetmelikte belirtildigi tizere betonun
ortalama ve karakteristik basing dayanimui fce=1,3 x fck (30x1.3=39 MPa); donat1 ¢eliginin ortalama
ve karakteristik basing dayanimi ise fye =1.2 x fyk (420x1.2=504 MPa) olarak hesaba katilmistir.

Dogrusal olmayan hesap yontemleri ile yapilacak deprem hesabindan 6nce, diisey deprem
etkisi digindaki statik diisey ytklerin tagiyict sisteme artimsal olarak uygulandigt dogrusal olmayan statik
hesap yapilacaktir.

Segilen orneklerde 3 adet betonarme gergeve sistem Tirkiye Bina Deprem Yonetmeligi [24],
TS500 [25] ve TS498’ e [26] gore SAP2000 [27] programi ile boyutlandirilmustir.

1 6018
—— 1221011
2
F 3 F—
3 k 2x1918
30 30
60 |
(60/60) 4218
12024 l 40 L
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Sekil 1. Kolon Kesiti (60 x 60)

Sekil 2. Kiris Kesiti (40x60)

MANDER MODELI (KOLON) MANDER MODELI (KiRiS)

60 50
T“\50 g 0
240 —=
2 £ 30
=30 >
] 3
220 < 20
> O
>4 =
glO © 10
@ o
o 0
o0 0

0 0,005 0,01 0,015 0,02 0,025
0 0,005 0,01 0,015 0,02
Eksenel Uzama
) Eksenel Uzama
—&— SARGILI BETON MODELI
—®— SARGISIZ BETON MODELI
Sekil 3. S60X60 Mander Modeli Sekil 4. B40x60 Mander Modeli

Kolonlar i¢in olusturulan sargili(beton+cgelik) ve sargisiz(beton) betona ait mander modeline
gore XTRACT programu ile yapilacak hesaplara ait parametreler agsagidaki tabloda belirtilmektedir.

Tablo 2. Kolona ait sargili, sargisiz beton ve donati geligi parametreleri

SARGISIZ BETON SARGILI BETON DONATI CELIGI
Akma
28 Dayinim(Mpa) 39 28 Dayinim(Mpa) 39 Dayanimi(Mpa) 504
Kopma
Cekme Dayinim 0 Cekme Dayinim 0 Dayanimi(Mpa) 660
Akma Strain 0.002 Akma Dayanim 52.16 Peklesme Strain 0.008
Peklesme Strain 0.0035  Akma Strain 0.00537 Kopma Strain 0.08
. . Celik Elastisite
Kopma Strain 0.005 Son Strain 0.018 Modiilii(Mpa) 200000
. Beton Elastise
Kopmadaki Dayanim 0 Modiilii(Mpa) 31225
Son Strain 0.018
Beton Elastise Moduli(Mpa) 31225

Kolon ve kirise ait akma ylizeylerinin tespiti i¢in birim uzama degerleri TBDY 2019 [24] uyarinca;
betonda 0.0035, ¢elikte 0.01 olmak tizere 0, 45 ve 90 derece olmak tizere eksenel yiik altinda PMM
analizleri yapilarak kesitlere ait akma smurlar tespit edilmis olup, elde edilen grafik asagida

gosterilmistir.
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Sekil 5. Kolona ait PMM analizi grafigi

Akma sinirlarinin tespitinden sonra, Mander modeline gére TBDY 2019’ da da bahsedildigi
tzere N-Curvature (Eksenel kuvvet-Egrilik) degerlerini elde etmek amactyla betonun gé¢menin
énlenmesi birim uzama degeri ec(GO) = 0.0035 + 0.04 "< 0.018; celigin birim uzama degeri es(GO)
= 0.4esu formilleri yardimu ile hesaplanir ve XTRACT’ ten de eldilen verilerle birim uzama degerleri
strastyla betonda ecu= 0.012786; B420C gelikte esu= 0,032 olarak tespit edilir.
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Sekil 6. Kolona ait N-Curvature Grafigi

Yapilan PMM ve N-Curvature analizleri sonrasinda, maksimum basing ve ¢ekme kapasitelerinin %50
si, %25 1, N=0 icin yine 0, 45" ve 90" yiikleme acilart olmak tizere Moment-Curvature analizleri
XTRACT programi araciligt ile yapilmustir.

205



Altan, Mehmet Fatih & Kaya, Osman & Tutna, Ismail Cagatay; Farkli Kat Adetlerine Sahip Betonarme Yapilarin
Dogrusal Olmayan Statik Itme Analizine Gére Tasarim Sonuglarinin Tbdy 2019 Kapsaminda Degerlendirilmesi

TBDY 2019 Boélum 17.7° de belirtilen Basitlestirilmis Kesit Tasima Giicti Kurallarina gore
kolon kesitlerinde dusey ytkler altinda (g+q) meydana gelen maksimum eksenel kuvvetin “Nd,max =
0.35 fck.b.h” degerinden buytik olmayacag: belirtilmektedir [24]. Sekil-5 te belirtilen PMM oranlari
grafigimizde géruldigl tizere optimum hesap verilerine ulasmak i¢in meydana gelen maksimum basing
ve cekme de eksenel kuvvetin %50’ si, %25’ 1 ve eksenel kuvvetin dontim yaptigt yer ile O (sifir) oldugu
noktalarda XTRACT programi araciligi ile 0°, 45° ve 90" yiikkleme agilarina gore kesitte meydana gelen
Moment- egrilik degerleri hesaplanmistir.(Sekil 7-8)

1600,00 1600,00
1400,00 | % B __1400,00
2 120000 & S 120000
£ 1000,00 g 2 1000,00
£ 800,00 % = 800,00
£ 600,00 W 5 60000
g 400,00 oooooooooooooooooooo $ 40000
200,00 g 200,00
0,00 0,00

-0,05 0,00 0,05 0,10 0,15 0,20 -0,05 0,00 0,05 0,10 0,15

Egrilik (1/m Egrilik (1/m)
Sekil 7. 0° VE 900 ICiIN MOMENT EGRILIK GRAFiG1 Sekil 8. 45" ICIN MOMENT EGRILIK GRAFiGi

Elde edilen Moment-Egrilik verilerinden sonra islem adimlarina devam edebilmek igin
bilinearizasyon islemi yapilacaktir. Literatiirde bu islem adimi icin 3 (G¢) farklt yontem bulunmakta
olup, bu arastirmamizda yapacagimiz islem M 0.004 - 0.015 yontemi olacaktir.

M a
My |mmmmmmmmmmmm e
My |emmmcmeee

My F-------

o by b ¢

Sekil 9. Moment- Egrilik Iligkisi /28]

_My _ My
El) =5 =75,

Sekil.9” da belirtilmekte olan My, kesitte meydana gelen ilk akma momenti, ilk akma egilik
degerini ¢y gostermektedir. Bu akma degerlerinin tespitinde amag; betonun birim sekil degistirmesi
0.002, donatt ¢eliginin birim sekil degistirmesinin ise akma birim sekil degistirmesi degerine ilk 6nce
erisenin bulunmast olmaktadir. Etkin egrilik ¢y ’ye karst gelmekte olan etkin plastik moment yani MN’
nin hesabinda ise; betonun basing birim sekil degistirmesi 0.004 veya donat1 birim sekil degistirmesi
0.015 degerine ilk erisen moment degerinin tespit edilmesidir [28].
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TBDY 2019’ a gére “Yeni Betonarme Bina Elemanlart I¢in Izin Verilen Sekil degistirme ve I¢ Kuvvet
Sinirlart” nin tespitinde plastik dénmelerinin hesabi agagida belirtildigi gibi hesaplanmaktadir [24]:

o Gagmenin Onlenmesi (GO) Performans Diizeyi icin plastik dinme formiilii
0p(90 =2/3[(¢u-dy) Lp (1-0,5 Lp/Ls )+4,5 ¢u db]

e Kontrolli Hasar (KH) Performans Diizeyi igin plastik donme formiilii
0, = 0,75 0,

e  Sinurh Hasar (SH) Performans Duzeyi icin plastik dinme forniilii
0,5 =0

XTRACT programindan 6(alti) farklt basing kuvveti igin olusan moment-egrilige baglt olarak
Sekil.9” da yapilan bilinearizasyona bagh olarak Mu/My’ ye (kesitin ulagabilecegi son moment
degeri/ Akma momenti degeri) karsilik gelen kesitte olusan Op (plastik donme) degetleti Tablo 6. daki
gibi hesaplanir ve SAP2000 programina aktarilir [27].

Tablo 3.5ap2000 0° Ve 90°S60*60 Kolonuna Ait Uzama Limitleri ve Performans Hedefleri
Performans Hedefi Kolon Kesitine Ait Basing Degerleri (KIN)

-8000 -4000 -2000 0 800 1600
Plastik Dénme
Sinith Hasar 0 0 0 0 0 0
Kontrollt Hasar 0.006423217 0.010610187 0.014349242 0.011994282 0.011338862 0.0110007
Goeme Onlenmesi 0.00856429 0.014146916 0.019132323 0.015992376 0.015118482 0.0146676

Tablo 4. Sap2000 45° i¢in S60*60 Kolonuna Ait Plastik Dénme Limiti ve Performans Hedefleri

Performans Hedefi

Kolon Kesitine Ait Basing Degetleri (IKN)

-8000 -4000 -2000 0 800 1600
Plastik Dénme
Sinurlt Hasar 0 0 0 0 0 0
Kontrolli Hasar 0.004705501 0.006072917 0.007353385 0.010048849 0.009334907 0.008750567

Goeme Onlenmesi 0.006274001 0.008097222 0.009804513 0.013398465 0.012446542 0.011667422

Sap2000 programina aktarilan Gé¢me Oncesi, Kontrollii Hasar ve Smirli Hasar plastik dénme
degerleri sonrasinda S60x60 kolonlari i¢in elde edilen Moment-Plastik Donmelere ait grafikler Sekil. 10
ve Sekil.11” de gosterilmektedir.
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- B I I . — 1 — I —
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Sekil 10. S60x60 Kolon igin 0° ve 90° -8000,-4000,-2000, 0, 800, 1600 KN idealize Edilmis Moment Dénme Degeri
P
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[ |
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Sekil 11. S60x60 Kolon igin 45° -8000,-4000,-2000,0,800,1600 KN Idealize Edilmis Moment Dénme Degeri
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TBDY 2019’ a gore dogrusal olmayan analiz icin 2 tiir mafsal ¢esidi yer almaktadir. Yigilt

......

M
Biskinis ve Fardis kolon, kitis, bag kirisi ve perdelerin etkin kesit rijitlikleri (ET), = Q_y% olarak
y

hesaplamustir [29]. Etkin kesit rijitlik hesaplamasinda konsol bir kolonda kesme agikligina gére akma
donmesini hesaplamistir. Kesitin egilmesi, kaymast ve donati kaymasini ekleyerek yeni bir akma
donmesi hesabi elde etmistir. Bu sayede kesitin elastik egilme rijitligi saptanmis olup, bu elasto-plastik
egilme rijitligi degerinin elastik egilme rijitligine orani ise bizlere kesitin etkin rijitligini vermektedir.

W.G. Corley, konsol bir kiris tizerinde yapmis oldugu ¢alismalar neticesinde, kesitin elastik
egriligi terk edip, maksimum egrilige ulastigi ana kadar aldigi yol bizlere plastik mafsal boyunu
vermektedir [30].

Plastik mafsal boyunun hesaplanabilmesi igin Ozellikle egilme etkisindeki elemanlarda
literatiirde bircok ¢alisma yapilmustir. Baker (19506) tarafindan betonarme kolon ve kirislerde olusacak
plastik mafsal boyunun hesaplanmast icin “Lp= k (z/d)1/4 d” baginusint [31], Sawyer (1964)
tarafindan plastik mafsal boyunun hesaplanmasi icin “Lp= 0.25d +0.075z” bagintisin1 [32], Corley
(1966) betonarme kirisler icin “Lp= 0.5d + 0.2 \/d(z/ d)” bagintisint [30], Mattock (1967) betonarme
kirisler icin “Lp= 0.5d + 0.052” bagintisini [33], Priestley ve Park (1987) betonarme kolonlar i¢in “Lp=
0.08z + 6db” bagintisini [34], Paulay ve Priestley (1992) betonarme kiris ve kolonlar igin “Lp= 0.08z
+ 0.022 db fy” bagintsint [16], Sheikh ve Khoury (1993) yiiksek eksenel yiik altidaki kolonlar igin
“Lp= 1.0 h” bagintisini [35], Coleman ve Spacone (2001) “Lp= Gef / [0.6 f ‘c (€20 - ec+0.8 f‘c / Ec]”
bagintisint [36], Panagiotakos ve Fardis (2001) betonarme kiris ve kolonlar i¢in “Lp= 0.18z + 0.021
db fy” bagintisint [37], Bae ve Bayrak (2008) kolonlar icin “Ip / h = [0.3(p / p0) + 3(As / Ag) — 1](z
/ h) + 0.25 = 0.25” bagintst [38] kullanarak farkli plastik mafsal boyu ve petformans hedefleri
saplamistir.

Ulkemizde kullanilan TBDY 2019’ da ise plastik mafsal boyu Lp=0.5h segcilerek, ortalama bir
sonug¢ beklenmistir.

TBDY 2019 a gore i¢ kuvvetlerin plastik olarak kapasiteye ulastigr sonlu uzunluktaki bolge
boyunca, plastik olarak meydana gelen sekil degistirmeler dizgiin yayili bir sekilde meydana geldigi
varsayllmaktadir. Plastik sekil degistirmelerinin bélge uzunlugu olan Lp yani plastik mafsal boyu,
kesitin ¢alisan dogrultudaki boyu olan (h)’ nin yarist yani Lp=0.5h olarak alinir.

Plastik mafsal boyu se¢iminde TBDY 2019’ daki gibi kolonlarda Lp=0.5x0.60= 0.30
bulunmustur. Plastik mafsalin yer tayininde, kolon alt yiizeyinden kiris Gst ylizeyine ya da, kirisin orta
noktasindan diger kirisin orta noktasina olacak sekilde atamasi yapilir. Makalemizde ele alinan 3 (Gg)
adet betonarme ¢ergeve sistemli bina i¢in Sap2000 programinda plastik mafsal atamalar: NIST” deki
gibi kolon alt yuzeyinden kiris iist yiizeyine olacak sekilde yapilmus olup, kirise ait plastik mafsal
atamalari ise kolon orta noktasindan diger kolonun orta noktasi gore belirlenmistir [39].

Dort deprem yer hareketi dizeyi i¢cin TBDY 2019 yonetmeligi kapsamindaki binalara
uygulanmak tzere, Deprem Tasarim Siuft DTS =1, 2, 3, 3a, 4, 4a i¢in tanimlanan Normal Performans
Hedefleri ile Deprem Tasarim Sinift DTS =1a, 2a icin tanimlanan Tleri Performans Hedefleri Tablo
1.1 ve Tablo 1.2’de verilmistir. G6z 6ntine alinacak binanin deprem yer hareketi diizeyi ve deprem
tasarim siuft (DTS) bilindikten sonra uygulanmasi gereken performans hedefleri, ayrintili olarak
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tablolar halinde TBDY 2019 Bélim 3’ te tablo olarak verilmistir olup, arastirmamizda ele aldigimiz
yapilara ait kullanacagimiz yaklasim ve performans hedefleri Tablo 3.” te belirtilmektedir [24].

Tablo 5. Deprem Tasartm Siniflarina Gére Yeni Yapilacak Binalar Igin Performans Hedefleri ve Uygulanacak
Degerlendirme/Tasarim Yaklagimlari

Deprem DTS 1,1a®, 2, 2aM) | 3, 3a, 4, 4a DTS 1a®, 2a®)

E?irze dH' Normal  Performans Degetlendirme/Tasarim Tleri Performans Degetlendirme/Tasarim
) Hedefi Yaklagtmi Hedefi Yaklagimi

DD-3 — — SH SGDT

DD-2 KH o) KH bGTGA

DD-1 — — KH SGDT

Kontrollii Hasar (KH), Sinirlt Hasar (SH), Gégmenin Onlenmesi (GO), Kesintisiz Kullanim (KK)

Tablo 6. TBDY-2019’a gére hesaplanmis deprem parametreleri

Hesap Yontemi DD1 DD3
Turkiye harita konumu Enlem: 41.186997° Boylam 28.735624°
Zemin sinift ZD Orta stki - stkt kum, ¢akil veya ¢ok katt kil tabakalari
Kisa periyot harita spektral ivme katsayist Ss 1189 0.247
[boyutsuz]

1.0 saniye periyot icin harita spektral ivme katsayist Sy 0.329 0.079
[boyutsuz]

En biytk yer PGA [g] 0.487 0.106
En buytik yer hizt PGV [em/sn] 29.222 7.177
Kisa periyot tasarim spektral ivme katsayist Sps 1218 0,395
[boyutsuz]

1.0 saniye periyot icin tasarim spektral ivme katsayist 0.648 019

Sp1 [boyutsuz]

TA=0.106 (s) Ts=0.532 (s) ThZ0.096 () Tw=048 (3

Yatay Elastik Tasarim Spektrum Degeri Tr. =6.000 (s) T1. = 6.000 (5)

Tap=0.035 (s) Tpp=0.177 (s) Tap=0.032 () Tep=016 ()

Disey Elastik Tasarim Spektrum Degeri -
Tr.p=3.000 (s) Trp=3.000 (s)
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Sekil 12. Sekil 13. Sekil 14.
3 Kathh Betonarme Cergeve 6 Katli Betonarme Cergeve 9 Katli Betonarme Cergeve

Literattirde, bir yapinin tasarimi ve degerlendirilmesi asamasinda istenilen performans hedefine
ulasmast ve guvenli tarafta kalmasi hedeflenmektedir. Dogrusal olmayan analizin amact elastik

degisen kapasitelerin tespit edilmesidir [40].

Bu makalemizde ele aldigimiz 3 adet betonarme gergeve sistemli yapilara tek modlu itme analizi
uygulayabilmek icin esdeger deprem yuku altinda eksantrisite (dis merkezlik) olmayacak sekilde 6n
analiz yapilmistir. SAP2000 programinda modellemis oldugumuz cerceve sistemlere sirasiyla tanitilan
statik disey yiikleri alttnda tek modlu itme analizi uygulayabilmek icin, TBDY 2019 5.6.2. maddesi
uyarinca herhangi bir katta eksantrisite g6z 6ntine alinmaksizin burulma dizensizligi katsayisinun 1,4
degerinden kuigtik oldugu, ayrica etki ettirilen deprem dogrultusu altinda birinci hakim titresim moduna
ait taban kesme kuvveti etkin kiitlesinin, bina toplam kitlesine oraninin en az 0,70 oraninda olmast
kontrolleri yapilmistir.

Her kattaki désemelerde, rijit diyafram kabuli varsayimi yapilarak birbirine dik iki dogrultuda
yatay yer degistirme ve diisey eksen etrafinda dénmesi g6z oniine alinmustir. Ayrica, déseme kolon
birlesim detayinda meydana gelebilecek ¢atlamay1 hesaba katabilmek amaciyla, dizlem digt bikiilme
sertligine sahip olacak sekilde doseme tanimlanmustir [41].

TBDY 2019’ da plastik mafsal boyu Lp=0.5h secilerek 30cm elde edilmistir. Plastik mafsal
boyuna en yakin mafsal boyu W.G. Cortley ait Lp=0.5h+0.2 h1/2(z/h) olarak idealize edilen mafsal
boyudur. [30]

Yapiy1 tasarlarken veya degerlendirirken bir¢ok yonetmelikten faydalanilabilir. Performans
hedefinin degerlendirmesi yapilitken FEMA273-274-356-440 ve ATC40 kaynaklarinda belirtilen
kapasite spektrumu ve yer degistirme katsayist yontemi kullanilir [42] [43] [44] [45].

Applied Technology Council tarafindan yayinlanan ATC 40°da, Kapasite Spektrumu
yontemiyle yapilarin deprem yiki altinda yatay yer degistirme talepleri ile yatay yiik tastma kapasiteleri
arasinda dogrusal olmayan bir baglantt oldugunu ve birbirleriyle bagimlt oldugunu agiklamistir [42]. Bu
yontem, 2005 yilinda yayinlanan FEMA 440’da yenilenmis ve kapasite spektrumu yonteminde, kisaca
dogrusal olmayan kuvvet yer degistirmeleri ile elastik yatay spektrumlarini ayni periyoddan yola
ctkartarak performans yatay yer degistirme noktasini bulmayt hedeflemistir [45].
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Sekil.15” te gosterilen grafik DD-1 de PGA=0.487" ye ait olup, farkli kat adetlerine sahip
yapinin yer degistirmesi gosterilmistir. Kat adedi arttik¢a ortaya ¢tkan yer degistirmeler de artmaktadir.

Sekil.16” da gosterilen grafikte ise DD-3 de PGA=0.1006 ya ait olup, DD-1" deki gibi kat adedi
arttik¢a ortaya ¢ikan yer degistirmeler artmaktadir.

Itme analizi 6ncesinde burulma diizensizligi kontrolii yapilmis olup, katsayinin 1.4 ten kiigiik
ve birinci hakim periyottaki modal katilim oranlart 0.7’ nin Gstinde oldugu tespit edilmistir. Bu
kontroller saglandiktan sirastyla asagida belirtilen adimlara gecilmistir.

Ik asama olarak sistemin kapasite egrileri bulunur. Yapida meydana gelen kuvvet-yer
degistirme talepleri, yani itme egrileri elde edilir. Elde etmis oldugumuz itme egrileri, spektral formata
donustirilerek modal kapasite diyagrami bulunmus olur ve tasarim spektrumuna ait hakim agisal
frekansin karesine esit egimde ¢izilen dogrunun spektrumu kestigi noktanin apsisi okunur. Eger bu
okunan deger Tb’ nin ilerisinde ise es deplasman teoremi geregi alan hesabi yapilir. Th’ nin gerisinde
olmast halinde ise, bir ka¢ adimli iterasyon hesaplamalari yapilarak tekrardan C, katsayist bulunur. Elde
etmis oldugumuz deplasman, yapinin performans spektral deplasmanini yani dogrusal olmayan
spektral yer degistirmesini verir.

Tablo.7” de yapinin birinci moduna ait kiitle katilim orant 0,84 ve modal tepe deplasmant
0.04446 ™, yapty1 en ust kattaki diigiim noktalarindan rijitlik merkezine yakin yerden secilerek, 0.3 ™ yer
degistirecek sekilde itme analizi yapilmistir. Kapasite spektrum egrisi ¢akistirmasi sonucu spektral yer
degistirmeler 0.3 ™ den DD-1 Kontrollit Hasar duzeyi i¢in 0.1132 ™; DD-3 Sinurlt Hasar diizeyi igin
0.0332 ™ elde edilmistir.

Tablo.8” de belirtildigi tzere, yer degistirmeler 0.6 ™ den DD-1" de Kontrolli Hasar diizeyi i¢in
0.2310 ™, DD-3’ te Sinirlt Hasar diizeyi i¢in 0.0678 ™ elde edilmistir.

Tablo.9” da belirtildigi Gizere, yer degistirmeler 0.9 ™ den DD-1" de Kontrolli Hasar diizeyi igin
0.3462 ™, DD-3’ te Stnrlt Hasar diizeyi icin 0.1015 ™ elde edilmistir.

Tablo 7. Ug katlt Yapinin Performans Spektral Deplasmant

3 Katlt Yapt DD1 DD3
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SAP2000 Program Ciktist Modal Maksimum kapasite Modal Maksimum Kapasite
Hakim Periyot (sn) - T1 0.554577 Cr 1 Cr 1.00004
Yap: Kitke Katlim Orant 0.84829 dyu (m) 0.0845 dyu (m) 0.0262
Yap: Modal Agitlik (kN) 9397.5 ayu (m/sn2) 10.8550 ayu (m/sn2) 3.3615
Mod Tepe Deplasman (m) - ¢ 0.04446 Sdi/dmax (m) 0.0893 Sdi/dmax (m) 0.0262
Mod Katilim Carpant (kN,m) - " 28.51137 umax (m) 0.1132 umax (m) 0.0332

Tablo 8. Alt1 Katli Yapinin Performans Spektral Deplasmani

6 Kath Yapt DD1 DD3
SAP2000 Program Ciktist Modal Maksimum kapasite Modal Maksimum Kapasite
Hakim Periyot (sn) - T1 1.116804 Cr 1 Cr 1.001
Yapt Kiitke Katthm Orant 0.81666 dyu (m) 0.1617 dyu (m) 0.0527
Yap: Modal Agirlik (kN) 19072.5 ayu (m/sn2) 5.1285 ayu (m/sn2) 1.6718
Mod Tepe Deplasman (m) - ¢ 0.03223 Sdi/dmax (m) 0.1798 Sdi/dmax (m) 0.0528
Mod Katihm Carpant (kN,m) - T" 39.85319 umax (m) 0.2310 umax (m) 0.0678

Tablo 9. Dokuz Katli Yapinin Performans Spektral Deplasmani

9 Kath Yapt DD1 DD3
SAP2000 Program Ciktist Modal Maksimum kapasite Modal Maksimum Kapasite
Hakim Periyot (sn) - T1 1.672119 Cr 1 Cr 1.00003
Yap1 Kiitke Katilim Orant 0.808 dyu (m) 0.2360 dyu (m) 0.0789
Yapi Modal Agitlik (kN) 28747.5 ayu (m/sn2) 3.3339 ayu (m/sn2) 1.1147
Mod Tepe Deplasman (m) - ¢ 0.02642 Sdi/dmax (m) 0.2692 Sdi/dmax (m) 0.0789
Mod Katilim Carpant (kN,m) - I" 48.66815 umax (m) 0.3462 umax (m) 0.1015

Yapi geometrisinin simetrik olmast sebebiyle, itme analizi sonucunda yapidaki yer degistirme-
kuvvet egrisi sonuglart X ve Y yonleri igin aynt olmaktadir. Elde edilen dogrusal olmayan spektral yer
degistirmeleri ve meydana gelen plastiklesmeler sonucunda, kirislerde mafsallar olusmustur.

DD-3 i¢in yapida bulunan herhangi bir kolon ya da kiris Sinirli Hasar seviyesine yani akma
sinirina ulasmamustir. Bu nedenle, kolonlarda ve kirislerde plastik mafsal mekanizmasi meydana
gelmemis olup, kesitler elastik sinitlar icerisinde kalmistir.

Asagida belirtilen Tablo.10-11-12” de; DD-1 icin yapinin kirislerinde olusan mafsallara ait
performans diizeyleri verilmektedir. Tablolardan da anlasilacagi tizere;

o  Ug katli yapiya ait birinci kat kirislerinde sadece 10 adedi akma smnirint gegerek, belirgin hasar
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bélgesinde oldugu,

e Alt katlt yapiya ait birinci kat kirislerinde 20 adet, ikinci kat kirislerinde 22 adet, tgtinct kat
kirislerinde 18 adet kesit belirgin hasar bolgesinde oldugu,

e Dokuz katlt yapiya ait birinci kat kirislerinde 20 adet, ikinci kat kirislerinde 34 adet, tgtinct kat
kirislerinde 25 adet, dorduncii kat kirislerinde 20, besinci kat kirislerinde 20 adet kesit belirgi
hasar bolgesine ulasmustir.

Tablo 10. Ug Katli Yapiya Ait Kat Kirig Hasar1

YUKLEME TIPI KAT SINIRLI BELIRGIN ILERI GOCME Toplam
PUSHOVER 1 30 10 00 40
PUSHOVER 2 40 0 00 40
PUSHOVER 3 40 0 00 40

Tablo 11. Alt1 Katli Yapiya Ait Kat Kiris Hasarlar

YUKLEME TIPI KAT SINIRLI BELIRGIN ILERI GOCME Toplam
PUSHOVER 1 20 20 00 40
PUSHOVER 2 18 22 00 40
PUSHOVER 3 22 18 00 40
PUSHOVER 4 40 0 00 40
PUSHOVER 5 40 0 00 40
PUSHOVER 6 40 0 00 40

Tablo 12. Dokuz Kath Yapiya Ait Kat Kiris Hasarlar1

YUKLEME TiPi KAT SINIRLI BELIRGIN ILERI GOCME Toplam
PUSHOVER 1 20 20 00 40
PUSHOVER 2 6 34 00 40
PUSHOVER 3 15 25 00 40
PUSHOVER 4 20 20 00 40
PUSHOVER 5 20 20 00 40
PUSHOVER 6 40 0 00 40
PUSHOVER 7 40 0 00 40
PUSHOVER 8 40 0 00 40
PUSHOVER 9 40 0 00 40

Sekil 17-18 de gorildigu tzere itme analizi sonrasinda farkli kat adetlerine sahip dogrusal olmayan
spektral yer degistirmeler verilmistir.
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Sekil 19 Maksimum Spektral Yerdegistirme Kuvveti Sekil 20. Sekil. ideal Spektral Yerdegistirme Kuvveti

Bu calismamizda, ele almis oldugumuz ti, altt ve dokuz katlt betonarme gergeve sistemden olusan
yapilarimizin Istanbul ilinde yapilacagt dustintlerek tasarim hesaplart dogrusal olmayan itme analizine
gore yapilmustir. Yapilan bu analiz sonuglart dogrultusunda:

Tablo 10-11-12 ve Sekil 21-22 ve 23’ te de g6ztktiigi tizere kirislerde plastik mafsal mekanizmast
olusmus olup, hasar seviyeleri belitlenmistir.
Yapilarin 0.03™, 0.06™ ve 0.09™ yer degistirmelerine denk gelen taban kesme kuvvetleri Sekil 207
de gosterilmektedir. Ug, altt ve dokuz katli yapilarda uygulanan sabit itme kuvveti neticesinde her
bir yapida (Sekil-20) yer degistirmelere denk gelen taban kesme kuvvetleri sirastyla 2.470 kN,
2.350 kN, 2.340 kN’ dur.
o Sekil 20’ de artan yer degistirme i¢in gerekli olan taban kesme kuvvetleri kat adediyle ters
orantili olarak degismistir.
o Tablo7-8-9” da gorildigu tzere kat adedi arttik¢a yapinin hakim periyodu da (T)
artmaktadir. Yapinin periyodunun artmasina neden olan etken yapinin rijitliginin(k)
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azalmast, kitlenin artmast dolaysiyla agisal frekansin (w, ) azalmasidir. Benzer bir
calismada da artan rijitlik sonucunda yapinin periyodu azalmis ve taban kesme kuvveti

artmustir [40].

“fi=k.u,=m.A,” [47] formilinde belirtilen f (akma dayanimi), u (yer degistirme),
m(kutle), A (ivme) olmakla birlikte, denklemde yer degistirme sabit tutularak kesme
kuvvetleri Sekil 20” da verilmistir. Sabit yer degistirme altinda kat adedi artttk¢a kiitle
artmis, ancak kesme kuvveti azalmistir. Buradaki etken rijitligin azalmast sonucu yapinin
talep edecegi itme kuvvetinin azalmasidir.

Sekil 21. Plastik mafsallar (3 Katlr)

Sekil 22. Plastik mafsallar (6 Katli)

W
\\\ “-\“_\\’.\“\\,\\"\\;‘ |
\ \-\\“\\‘.‘"\\.\\'\ Bres \‘ |
S |

?‘\ \\#‘ : 5\‘1 J
AR
et

§< "’} }\ al

\
\

Sekil 23. Plastik mafsallar (9 Katl)

e DD-3 icin yaptnin dogrusal olmayan spektral yer degistirmeleri sonucunda yapida herhangi bir
plastik mafsal olusmamustir. Ctinkii Tablo-5 te belirtilen ileri performans hedefinin Sinirlt Hasar
seviyesinde kalmast Yonetmelik’ te belirtilmektedir. Cerceve sistemdeki her bir elemanin elastik
sturlar igerisinde kalmasi sebebiyle plastik donmelere izin verilmemistir.

e DD-1 icin ideal dogrusal olmayan spektral yer degistirmeleri sonucunda olusan plastik mafsallar
Sekil-21-22-23" de gosterilmektedir. Her ti¢ yapt icin olusan plastik mafsallar, Tablo-5" te
belirtilen kontolli hasar seviyesini gecmeyerek glivenli tarafta kalmustir.

Tablo 13. Pozitif Ve Negatif Momentte Ait Bilgiler

Negatif Moment
Betona Ait Ozellikler
Moment Kxx C30 B420c
Strain Strain
Limit Moment 485.1278 0.02667 -0.002 0.01257
Akma Momneti 533.1674 0.06054 -0.004 0.02926
Celige Ait Ozellikler
Moment Kxx C30 B420c
Strain Strain
Limit Moment 414.6 0.00611 0.0008 0.00252
Akma Momneti 492.9796 0.03117 0.0022 0.015
Pozitif Moment
Betona Ait Ozellikler
Moment Kxx C30 B420c
Strain Strain
Limit Moment -364.46 -0.0380 0.002 0.01882
Akma Momneti -401.557 -0.0785 0.004 0.03918
Celige Ait Ozellikler
Moment Kxx C30 B420c
Strain Strain
Limit Moment -290.546 -0.0057 0.0006 0.00252
Akma Momneti -355.745 -0.0305 0.0016 0.015
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e 40x060 kirisin N=0 icin yapilan Moment-Egrilik Analizi sonuglart Tablo-13’ te gosterilmistir.
Kiriste, negatif ve pozitif moment altinda betonun birim sekil degistirmesi 0.004; celigin 0.015
degerine denk gelen akma dayanimlar sirastyla negatif momentte (533.1674, 492.9790), pozitif
momentte (401.557, 355.745) degetlerine ulasmustir. Tablo-13" tede gorildugt tizere ik 6nce
akma degerine ulasan eleman ¢elik olmustur.

Tablo 14. 3 Kath Yapida En Cok Zorlanan Kirise Ait Moment, Kesme Ve Yerdegistirme Degerleri

Kiris Boyu (M)
Sap2000
Datalari 0 0.6 4.4 5
Moment (Kn*M) -607.8 -447.5 356.3 449.8
Kesme Kuvveti (Kn) -270.6 -263.8 -159.2 -152.5
Yerdegistirme (M) 0 -0.00496 0.003945 0
Egrilik 0.010621 -0.03095
Beton Strain -0.00116 -0.00171
Celik Strain 0.004662 0.015272
6 KATLI YAPI
kiris boyu (M)
SAP2000
DATALARI 0 0.6 4.4 5
moment (KN*M) -663.4 -494.6 362.5 464.5
kesme kuvveti (KN) -284.6 -277.9 -173.3 -166.5
yerdegistirme (M) 0 -0.00595 0.00354 0
EGRILIK 0.032491 -0.03621
BETON STRAIN -0.00229 -0.00193
CELIK STRAIN 0.015508 0.017901

Tablo 15. 9 Katli Yapida En Cok Zorlanan Kirise Ait Moment, Kesme Ve Yerdegistirme Degerleri

Kiris Boyu (M)

Sap2000
Datalart 4.4 5
Moment (Kn*M) -667.2 -497.5 369.2 483.7
Kesme Kuvveti (Kn) -286.1 -287.4 -193.5 -188.1
Yerdegistirme (M) 0 -0.00599 0.003337 0
Egrilik 0.034315 -0.04237
Beton Strain -0.00238 -0.00217
Celik Strain 0.016416 0.021031
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e Tablo 14-15-16’ da tg, altt ve dokuz katlt yapilarda olusan en elverissiz kirislere ait plastik
mafsallarda olusan kesme kuvvetleri, momentleri ve yer degistirmeleri verilmistir.

o Ug kath yapiya ait birinci kat kirislerinde, sol plastik mafsalda olusan moment degeri,
akma dayanimina ulagsmayarak sinir hasar bolgesinde kalmistir. Ancak sag tarafta olusan
plastik mafsalda moment degeri 356.3 kNm ile akma dayanimi olan 355.745 kNm
degerini gecerek belirgin hasar bolgesine gegmistir. 356.3 kNm’ ye denk gelen birim sekil
degistirme degeri betonda 0.00171, ¢elikte 0.015272 olmustur. Beton limit akma
dayanimina gelmeden celik akma dayanimini gecerek kesitte ilk calisan eleman olmustur.
Kesitte olusan plastik doénme degeti Op= (pu-Ppy)*L, ; Op= (-0.03095+0.0305)*0.3=
0.0027 life safety (can giivenligi degeri 0.010637126 degerine ulasamamustur.

o Altikatli yaprya ait ikinci kat kirislerinde, sol plastik mafsalda olusan moment degeri 494.6
kNm akma dayanimi 492.98 kNm ‘n1 gecerek belirgin hasara gegmistir. Kesitte ilk akma
dayanima ulagan malzeme 0.015508 degeriyle gelik olmustur. Beton o sirada limit akma
degeri 0.002 gegmistir. Kiriste sag taraftaki plastik mafsalda olusan moment degeri 362.5
kNm akma dayanimi 355.745 kNm degerini gegerek belirgin hasar bolgesinde kalmugtir.
Kesitte ilk akma dayanimina ulasan malzeme 0.017901 degeriyle celik olmustur. Kiris
kesitinde olusan plastik dénme sag kiriste 0.001713, sol kiriste 0.0004 degeri ile can
guvenligine ulagamamustir.

o Dokuz katlt yapiya ait ikinci kat kirislerinde, sol plastik mafsalda olusan moment degeri
497 kNm akma dayanimi 492.98 kNm gecerek belirgin hasara gecmistir. Kesitte ilk akma
dayanimina ulasan malzeme 0.016416 degeriyle ¢elik olmustur. Kesitin sol mafsalindaki
dénme degeri 0.0009 can guvenligi degerini gecememistir. Kiriste sag plastik mafsalda
olusan moment akma dayanimini gegerek belirgin hasar bolgesinde kalmis ve plastik
donme degeri can giivenligine ulasmamustir.

Itme analizi sonucunda her ic adet betonarme cerceve sistemli yapilarda olusan plastik
mafsallarda, kirisin her iki ucunda plastik déonmelere izin verilmis, ancak kirisin can gtivenligi degeri
0.010637126 geg¢mesine izin verilmemistir. Kirisin ¢alisma prensibi geregi egilmeye karst direncli
olmast disunuldiginde, basinca ¢alisgmadigindan 6tiirii akma dayanimina ilk ulagsmasi beklenen
sistemlerde yapilarin kitle ve rijitlik merkezleri arasinda olusan igsel dis merkezlik degerinin O (sifir)’ a
yakin olmast ve TBDY 2019 [24]” da bahsedildigi Gizere ek dis merkezligin O (sifir) alinmasindan dolay:
sonuglar her iki yon i¢in de benzer ¢ikmustir. Olusan burulma momenti etkisi elastik tasarima gore
daha kiiciik bir deger olmustur. DD3 i¢in her t¢ yapida olusan kesme kuvveti degerleri sinirlt hasar
bolgesinde kalarak plastik mafsal olusmamustir.

Cergeve sistemlerde yiiksekligin artmast sonucu yapida olusan mod sekilleri degismis olup,
sunekligin azaldigi gozlemlenmistir ve kat yiksekliginin artmastyla birlikte taban kesme kuvveti de
azalmistir. Yapilan bu ¢itkarimlardan anlagilacagt tizere, elastik bir analiz iyi bir sonug verse de yapilarin
elastik kapasitesinin gostergesi ve ilk verimin nerede gerceklesecegini gosterir, ancak yapinin
mekanizmasinin bagarisizligini tahmin edemez ve kuvvetlerin yeniden dagitilmasint hesaba katamaz.

Arastirmactlara yardimct olmak amaciyla hazirlanan bu makalenin yani sira; yapilarin kat
adetleri, diizensizlik durumlari, farkli deprem duzeyleri vb. 6rneklemelerin ¢ogaltilarak literatiire katks
saglanmasinin uygun olacagi degerlendirilmektedir.
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EK-1
OKAN BEY APARTMANI

**%%%* BINA PERFORMANSI ****** DUVAR ETKISiz

KiRiS HASAR YUZDELERI

i 7 ;83.9; 16.1 ; 0.0 ; 0.0 ; 83.9 ; 16.1 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 6 ;48.4 { 51.6 ; 0.0 ; 0.0 ; 48.4 ; 51.6 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 5 32.3; 67.7 ; 0.0 ; 0.0 ; 32.3 ; 67.7 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 4290 71.0; 0.0 ; 0.0 ; 20.0 ; 71.0 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 329.0; 64.5; 6.5 ; 0.0 ; 29.0 ; 64.5 ; 6.5 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 2 38.7; 48.4 ; 12.9 ; 0.0 ; 38.7 ; 48.4 ; 12.9 ; 0.0 ; 56.3 ; 43.8 ; 0.0 ; 0.0 ; 56.3 ; 43.8 ; 0.0 ; 0.0 ;
i195.2; 4.8 0.0 ;0.0 ;952 ; 4.8; 0.0 0.0 100. j 0.0 i 0.0 ; 0.0 j 100. j 0.0 j 0.0 j 0.0 ;

X yoéni kiris sayisi=21,31,31,31,31,31,31
Y yonu kiris sayisi=16,32,28,28,28,28,28

KOLON

i 7;91.5; 85 ; 0.0 ;0.0 ;91.5; 85 ; 0.0 ; 0.0 ; 54.1 ; 45.9 ; 0.0 ; 0.0 ; 54.1 ; 45.9 ; 0.0 ; 0.0 ;
i 6 ; 43.8 { 56.2 ; 0.0 ; 0.0 ; 43.8 ; 56.2 ; 0.0 ; 0.0 ; 5.5 ; 84.7 ; 9.8 ; 0.0 ; 5.5 ; 84.7 ; 9.8 ; 0.0 ;
i 5 37.3; 62.7 ; 0.0 ; 0.0 ; 37.3 ; 62.7 ; 0.0 ; 0.0 ; 6.5 ; 59.6 ; 18.5 ;15.5 ; 6.5 ; 59.6 ; 18.5 ;15.5 ;
i 4 18.1 j 67.0 ; 0.0 ;15.0 ; 18.1 ; 67.0 ; 0.0 ;15.0 ; 3.6 ; 64.9 ; 0.0 ;31.5 ; 3.6 ; 64.9 ; 0.0 ;31.5 ;
i3, 1.7 72.9; 7.3 {18.0 ; 1.7 ; 72.9 ; 7.3 ;18.0 ; 0.5 ; 69.9 ; 0.0 ;29.6 ; 0.5 ; 69.9 ; 0.0 ;29.6 ;
i2,; 0.0;21.8; 9.8 {68.5; 0.0 ; 21.8 ; 9.8 ;68.5 ; 0.0 ; 55.2 ; 24.4 ;20.4 ; 0.0 ; 55.2 ; 24.4 ;20.4 ;
i1{9.2; 80 ; 1.7 {0.0;90.2; 8.0 ; 1.7 ;0.0 j 69.3 j 29.0 j 0.0 ; 1.7 j 69.3 j 29.0 j 0.0 j 1.7 j

i KAT j (-X) i (+X) i (-Y) i (+Y) i
i NO ; SH+BH ; IH+GB | SH+BH ; IH+GB ; SH+BH ; IH+GB ; SH+BH ; IH+GB |

i 7 100. 0.0 ; 100. ; 0.0 ; 100. ; 0.0 ; 100. ; 0.0
i 6 ; 100. 0.0 ; 100. ; 0.0  90.2 ; 9.8 ; 90.2 ; 9.8
i 5 ; 100. ; 0.0 ; 100. ; 0.0 ; 66.1 ; 33.9 ; 66.1 ; 33.9 ;
i 4; 8.0 ; 150 ; 8.0 ; 150 ; 68.5 ; 31.5 ; 68.5 ; 31.5 ;
i 3; 8.0 ; 18.0 ; 82.0 ; 18.0 ; 73.7 ; 26.3 ; 113.7 ; 26.3
i 2 90.6 9.4 ; 90.6 9.4 ; 94.2 5.8 ; 94.2 5.8
i 1 100. 0.0 ; 100. ; 0.0  98.3 ; 1.7 ; 98.3 1.7

DD2 YER HAREKETI DUZEYINDE, BINA PERFORMANS SONUCU:

Goégme durumu, Kontrollu Hasar performansi saglanamamistir i@
Plastiklesen kolon Vc orani=%$33.9>%30 fi

Kontrollu hasar performans boélgesi i

Kontrollu hasar bolgesi yeterlilik kontrolu:

Kiris Hasar orani=(IH=%12.9<=%35 0), (GB=%0 0)
Kolon Hasar orani=(IH=%24.4>%20 i), (GB=%68.5>%0 i)
Ust kat Vc orani=(IH=%0.0<=%40 o), (GB=%0 0)
Plastiklesen kolon Vc orani=(IH+GB=%33.9>%30 i
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OKAN BEY APARTMANI

****%%* BINA PERFORMANSI ****** DUVAR ETKILI

KIRI$ HASAR YUZDELERI
[’J' AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR

iKAT; (-X) i (+X) i (-Y) i (+Y) i
i NOf SH § BH § IH { GB § SH § BH § IH {GB § SH ; BH ; IH §GB § SH ; BH ; IH ; GB |

i 7 i83.9;16.1 ; 0.0 ; 0.0 ; 83.9 ; 16.1 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 6 ; 48.4 { 51.6 ; 0.0 ; 0.0 ; 48.4 ; 51.6 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 5 32.3; 67.7 ; 0.0 ; 0.0 ; 32.3 ; 67.7 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 429.0;71.0; 0.0 ; 0.0 ; 29.0 ; 71.0 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 3,29.0; 64.5; 6.5 ; 0.0 ; 29.0 ; 64.5 ; 6.5 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ; 57.1 ; 42.9 ; 0.0 ; 0.0 ;
i 2 38.7 ; 48.4 ; 12.9 ; 0.0 ; 38.7 ; 48.4 ; 12.9 ; 0.0 ; 56.3 ; 43.8 ; 0.0 ; 0.0 ; 56.3 ; 43.8 ; 0.0 ; 0.0 ;
i1;95.2; 4.8 ; 0.0 ;0.0 ;95.2 ; 4.8 ; 0.0 ; 0.0 ; 100. ; 0.0 ; 0.0 ; 0.0 ; 100. ; 0.0 ; 0.0 ; 0.0 ;

X yoni kiris sayisi=21,31,31,31,31,31,31
Y yoénu kiris sayisi=16,32,28,28,28,28,28

KOLON KESME KUVVETI DAGILIMI

(-X) i (+X) i i (+Y) i

i 7 91.5; 8.5 ; 0.0 ; O. .5 8.5; 0.0 ; 0.0 ; 54.1 ; 45.9 ; 0.0 ;§ 0.0 ; 54.1 ; 45.9 ; 0.0 j 0.0 ;
i 6 j 43.8 ; 56.2 ; 0.0 ; O. .8 { 56.2 § 0.0 0.0 ; 5.5 94.5; 0.0 0.0 ; 5.5 ;94.5; 0.0 ; 0.0 ;
i 5j37.3; 62.7; 0.0 ; 0. .3 62.7; 0.0 ;0.0; 6.5 59.6; 33.9;0.0; 6.5 59.6 33.9; 0.0 ;
i 4 j18.1 ; 67.0 ; 7.4 ; 7. .1 ;67.0; 7.4 ;7.5; 2.9 65.6; 0.0 {31.5 ; 2.9 ; 65.6 § 0.0 {31.5 ;
i 3 1.7 ; 80.2 ; 0.0 ;18. .7 ; 80.2 ; 0.0 ;18.0 ; 0.5 ; 71.5 ; 1.7 {26.3 ; 0.5 ; 71.5 ; 1.7 {26.3 j
i 2 0.0 ; 23.3 ; 13.0 ;63. .0 § 23.3 § 13.0 §63.7 § 0.0 ; 55.2 { 24.4 j20.4 § 0.0 j 55.2 ; 24.4 ;20.4 ;
i 2 0 0 5 i

DD2 YER HAREKETI DUZEYINDE, BINA PERFORMANS SONUCU:

Gogme durumu, Kontrollu Hasar performansi saglanamamistir @i
Plastiklesen kolon Vc orani=%$33.9>%30 i

Kontrollu hasar performans bdlgesi ii

Kontrollu hasar bdlgesi yeterlilik kontrolu:
Kiris Hasar orani=(IH=%12.9<=%35 0), (GB=%0 0)
Kolon Hasar orani=(IH=%33.9>%20 @), (GB=%63.7>%0 i)
Ust kat Vc orani=(IH=%0.0<=%40 &), (GB=%0 o)
Plastiklesen kolon Vc orani=(IH+GB=%33.9>%30 i
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OKAN BEY APARTMANI

DUVAR ETKILI DEPREM ANALIZI RAPORU

Yapi eleman tasaraiminda, duvar etkisi dikkate alinmaistir.
Duvar rijitligi, TBDY2018 ve FEMA356 ya gore diizenlenmistir.
-0.4 Y
a=0.175-(éhc) - r , é=[ (Ew "tw ‘Sin2é) /(4 ‘Ec 'Ik ‘hw)] , k=a ‘tw ‘Ew/r

Bosluklu duvarlar, sadece basinca galisan sonlu elemanlarla iterasyonla hesaplanmistir.
Duvar etkili yapi analizinde; yapi deprem yiikleri, duvarlarin kat tasima kapasitesine gére kontrol edilerek yapilmistair.

i i i a i & i & i éz

57

i .

A A ’
i 7 .24 20.64 ; 24.32 20.64 ; .47 ; -0.03602899 ; 0.00004164 ; -0.00147853

i 6 i .22 19.11 ; 24.32 ; 19.11 ; .02 { -0.03290733 ; 0.00002563 ; -0.00141983

i 5 .03 11.55 24.32 11.55 11.44 ; -0.02861600 ; 0.00003810 ; -0.00129511

i 4 i i 1 i —0.02399316 ; 0.00005098 ; -0.00112052
i 3 i -0.01870370 ; 0.00005462 ; -0.00087928

i 2 i -0.01185518 ; 0.00006319 ; -0.00055275
i i i i 0 41 i
AA AAA A AU

000215

000006

00000426

.24 20.64 24.32 47 .03607836 -0.00013344 .00148233

i 7 4. i 7 i i i . i 5. i 0 i i 0

i 6 4.74 ; 7.21 ; 19.11 ; 24.32 ; 19.11 ; 8.02 ; 0.03295134 ; -0.00009365 ; 0.00142334 ;
i 5 4.75; 7.03 ; 11.55 ; 24.32 ; 11.55 ; 11.44 ; 0.02865505 ; -0.00008495 ; 0.00129832 ;
i 4 4.75; 6.82 ; 8.84 | 24.32 8.84 { 14.14 ; 0.02402748 ; -0.00008116 ; 0.00112341

i 3§ 4.76 ; 6.59 ; 8.84 | 15.74 8.84 9.32 ; 0.01873289 ; -0.00007150 ; 0.00088175

i 2 4.79; 6.39 ; 9.46 ; 23.53 ; 9.46 | 6.98 ; 0.01187617 ; -0.00007052 ; 0.00055450

i 1 3 i 11 i 0 0 i 0.00021552 ; 00000653 ; -0 i
AR AAA AR AAA AAAAAAAAAAAAA AAAAAAAAAAAAA o

40.23 .00006789 .02178770 -0.00002611

i 7 4. i 6. i i i 5. i 0 i

i 6 i 4.74 6.97 25.89 16.73 6. .00006685 § 0.01929831 ; -0.00002524 ;
i 5 4.75 6.84 12.29 12.29 8. .00007055 § 0.01621720 ; -0.00002492 ;
i 4 4.75 6.73 10.82 10.82 9. .00007486 ; 0.01280405 ; -0.00002505

i 3 4.77 6.67 14.32 14.32 9. .00007878 § 0.00897689 ; -0.00002506

i 2 4.80 6.67 15.79 15.79 7. .00007432 § 0.00504550 ; .00002400

i 1 3 11 i 0 00001152 0.00018668 00000417 ;
A A A A A A A AAAU

i Kat Xr i Yr i Ve i Vwr i Vew i avw i éx i ey i éz i

.73 .96 40.23 16.73 16.73 .38 .00006813 -0.02178730 .00002659

i 7T 4 i 6 i i i i 5 i 0 i i 0

i 6 4.74; 6.99; 25.89 ; 16.73 ; 16.73 ; 6.64 ; 0.00006696 ; -0.01929708 ; 0.00002563

i 5 4.75; 6.86 ; 12.29 ; 15.82 ; 12.29 ; 8.58 { 0.00007059 ; -0.01621527 ; 0.00002522 ;
i 4 4.75; 6.75; 10.82 ; 15.82 ; 10.82 ; 9.61 ; 0.00007484 ; -0.01280170 ; 0.00002526

i 3§ 4.7 6.70 ; 14.32 ; 15.89 ; 14.32 ; 9.69 ; 0.00007871 ; -0.00897445 ; 0.00002519

i 2 4.80; 6.69; 15.79 ; 40.95 ; 15.79 ; 7.60 ; 0.00007432 ; -0.00504369 ; 0.00002404 ;
i 1 3.31; 11.52 ; 45.06 ; 0.00 0.00 0.00 ; 0.00001160 ; -0.00018665 ; -0.00000417 ;
A iJ

MODAL ANALIZ - YAPI PERYOD ve VEKTORLERI (Duvar Etkisiz)

<

i Mod l.mod 2.mod 3.mod 4.mod 5.mod 6.mod 7.mod 8.mod 9.mod
i i i 3.48 4.66 ; 5.55 11.06 14.70 19.99 21.25 28.37 34.19

i T i 1.8046 ; 1.3490 ; 1.1314 ; 0.5679 ; 0.4273 ; 0.3143 ; 0.2956 ; 0.2215 ; 0.1838 ;

i i i i i i i i i i i

AR AT

DUVARLI DEPREM ANALIZI PERYODLARI (sn)
&
i

¥/

T

Deprem moment ve kesme kuvveti kontrolunda; duvar etkili analizde,
492 adet kirigin, 18 kirisinde, duvar etkisi biiyilk g¢ikmistar.
174 adet kolonun, 76 kolonunda, duvar etkisi biiyiikk ¢ikmistair.
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Stineklik Diizeyi Yiiksek Moment Aktaran Celik Cerceveli Tasiyict Sistemin
Deprem Performansinin Degerlendirilmesi

Sepanta NAIMTF
Eray KESKIN?

Giris

Ahmet Uzun yaptigt calismada 5 ve 13 kath iki gelik yapiyr ¢aprazli ve gaprazsiz olarak
modelleyerek yeni deprem yonetmeligi ve 2016 yilinda yurarlige giren Turk celik yap1t Sartnamesine
gore her bir elemani tasima giicti yontemine gore tasarlamustir. Etabs programt ile yapiy1 analiz ederek
karsilastirmistir. Yapilan calismanin sonucunda moment aktaran gergeve sistemin ¢aprazli sisteme gore
hem kapasitesi dustik ¢tkmis hem de taban kesme kuvveti ¢aprazli sisteme gore 1.7 kat daha dusik
ctkmustir. Calisma neticesinde yapr yuksekligi artikca dayanim ve rijitlik 6nemli bir rol oynamustir [1].
R. Sabelli’nin yapmis oldugu ¢alismada ise moment aktaran cerceve sistemlerde caprazlar basinca ve
cekmeye calismakta olup, yapida caprazlar basingla beraber burkulmaya sebebiyet vermis ve ¢ekme ile
enerji yutmast gozlemlenmistir [2]. Giuseppe Brandonisio ve ark. Yapmis oldugu ¢alismada moment
cerceveler, merkezi celik ¢aprazli sisteme gore daha siinek ve dusiik yatay yiuk tasima kapasitesi
gostermistir. Bu dustik kapasite sonucunda eleman kesitleri biiyiik ¢ikmis ve maaliyeti artirmustir [3].
Ahmet Y. Aktag’in yapmis oldugu calismada iki farklt gelik yap: sistemi, “Celik Yapilarin Tasarim,
Hesap ve Yapim Esaslarina Dair Yoénetmelik, 2016” kapsaminda YDKT ve GKT yaklasimlarini
uygulayarak tasarim gerceklestirmistir. Bu calismada, hangi yaklasimin daha avantajli oldugunun
degerlendirilmesi amaclanmistir. YDKTye gbre tasarlanan basit yapt tirleri, GKT’ye gbre daha
ckonomik sonuglar vermis ve mihendisligin 3e kuralina gére estetik ve emniyet agisindan da olumlu
sonuglar goézlemlenmistir [4]. Salmon ve arkadaslari, YDKT ve GKT yaklasimlarinin canlt yikin 6li
yike oranina gore tasartm davranist se¢mistir ve bu yaklasima gére bu oranin 3’ten kiiciik olmast
durumunda YDKT, avantajli sonu¢ vermistir [5]. Yorgun ve arkadaslari, 2016 yilinda yirirliige giren
Tiurk gelik yap1 yonetmeliginin hesap ve tasarim kisimlarini slayt haline getirerek sunum yapmuslardir
[6]. Akbas, yapmis oldugu seminerlerinde; Celik Yap1 tasariminda kullanilan yonetmelikleri, YDKT ile
GKT’ye gore tasarim felsefesini karsilastirmus ve bu yaklasimlari inceleyerek agiklamustir [7].
Ubeydullah Zararsiz’in yapmis oldugu c¢alismada, endistri binasini modellemis ve Sap2000 programi
ile analiz ederek TCY 2016 y6netmeliginde "Yik ve Dayanim Katsayilart ile Tasarim” ve "Glivenlik
Katsayilart ile Tasarim” yaklasimlarina gore hem boyutlandirma hem de analiz karsilastirmast yapmustir
[8]. Asiye Karayer calismasinda, tek katli basit hangar yap1 ile dort katl disey ¢ergeve sistemden olusan
iki yap1 6rnegini, hem TS648 Standardi ve DBYBHY ne gére hem de TBDY ve CYTHYE'’ye gore

1 Sepanta NAIMI, Doc. Dr.., 1s.tanbul Aydin Universitesi, Ingaat Miihendislig, sepantanairni@aydin.edu.tr
2 Sorumlu yazar, Eray KESKIN, Yiksek Lisans Ogrencisi., Istanbul Aydin Universitesi, Ingaat Miihendisligi,
eraykeskin@stu.aydin.edu.tr
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statik analizlerini ve boyutlandirilmalarini yapmustir. Celik yapi tasarimlarinin karsilastiriimalar
sonucunda CYTHYE ve TBDY’ye gore tasarimin uygun deger ¢6ziim olanagt sundugu anlagilmugtir
[9]. Burak Tttiinct ¢alismasinda, 10 katli ¢elik bir binanin, 2019 yili Ocak ay1 itibariyle yirtrlige giren
TBDY’nin sartlarint kullanarak tastyict sisteminin boyutlandirlmasini yapmustir [10]

1.1 Yapinin Tagtyict Sistem Ozellikleri

Binanin cografi konumu, Istanbul/Besiktas bolgesi icinde olmak iizere, enlem ve boylam
degerleri sirasiyla, 41.05107 ve 29.00641 olarak belirlenmistir. Kitiphane binasinin, ZA yerel zemin
sinift izerinde insa edilecegi varsayilmaktadir.

Sekil 1. Genel sistem goriintisii ve bilgisayar hesap modeli [16].

IPE4; IPEAS0 PEAS0 IPE4!

Sekil 2. Normal kat sistem plant [16].
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1.2 Hesaplarda Kullanilan Yonetmelikler

TBDY (Turkiye Bina Deprem Yonetmeligi) 2019: Moment aktaran gelik ¢erceve sistemde
kolon- kiris birlesimlerinin tasarimi, taban kesme kuvvetler, goreli kat Otelemeleri, dizensizlik
kontrolleri ve ikinci mertebe kontrolleri bu yonetmelik esasinda yapilmistir.

TS498 (Turkiye Standartr): Rizgar ve kar yuklemeleri bu yonetmelik esaslarina gore
hesaplanmis olup tastyict sisteme aktarilmustir.

American Institute of Steel Construction (AISC360-16): Kolon ve kirislere ait kapasitelerin
kontrolleri, kolonun temele baglandigt birlesimler ve kolon-kiris birlesim tasariminda bu yénetmelikten
yararlanilmustir.

CYTHYE (Celik Yapilarin Tasarim, Hesap ve Yapim Esaslarina Dair Yonetmelik) 2018 :
Binaya ait tastyict celik cergeve sistemin boyutlandirma ve analiz sistemi, CYTHYE’de agiklanan Ytk
ve Dayanim Katsayilar ile Tasarim Yontemi (YDKT) kullanilmistir. Sehim kontrolleri, tasima glicii
kontrolleri ve kapasite moment hesaplart yapilmustir.

2. Yiik Analizi
Tasarimda sabit ve hareketli yiikler, kar ytukd, rizgar yiki ve deprem yiikii esas alinmustir.
2.1 Sabit ve Hareketli Yiikler
a) Cat1 d6semest:
kaplama 0.5 kN/m2
Izolasyon 0.2 kN/m2
trapez sac + betonarme doseme 2.8 kN/m2
asma tavan +tesisat 0.5 kN/m2
celik konstriksiyon 0.5 kN/m?2
G =45 kN/m2
Hareketli yik Q = 3.5 kN/m2
Kar yika S =13kN/m2

Giivenli tarafta kalan bir yaklasimla, maksimum kar ytiksekligi 80 cm olarak alinmistir. TS EN

1-3’e uygun olarak, karin ortalama birim hacim agirhigt 2.0 kN/m’ olmak iizere, tiniform yayilt olarak
etkiyen ¢att kar yiikii 0.80%(2.0kN/m’ x 0.80m) =~ 1.30 kN/m” seklinde hesaplanmustir.

a) Parapet yuki (¢att katinda h= 1 m): 1.1 kN/m
b) Normal kat désemesi: ~ kaplama 0.5 kN/m”
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trapez sac + betonarme doseme 2.8 kN/m”

asma tavan ~+tesisat 0.5 kN/m?

bélme duvarlart 1 kKN/m?

celik konstriiksiyon (kolonlar dahil) 0.8 kN/m?

G=5,6kN/m*2m=(11.2kN/m)
Hareketli yik Q =5 kN/m’

Merdiven ve asansoér bolgesindeki sabit ve hareketli yiklerin dosemenin diger bélgelerindeki
sabit ve hareketli ytiklere esit oldugu varsayilmustir.
Dis duvar ytuki (normal katlarda): Gd = 3 kN/m olarak dikkate alinmistir.
2.2 Deprem Yiikleri
Bina Kullanim Sinifi (BKS) ve Bina Onem Katsayzst (I)
Binanin kittiphane olarak hizmet vermesi 6ngorilmektedir. Bu durumda, TBDY Tablo 3.17 e
gore bina kullanim sinifi, BKS = 1 ve bina 6nem katsayist, I = 1.5 olarak tanimlanmaktadur.
2.2.1 Deprem Tasarim Smifi (DTS)
Ttrkiye deprem tehlike haritalari (https://tdth.afad.gov.tr/) kapsaminda, Deprem Tasarim Sinifi

(DTS ’nin  belitlenebilmesi amactyla DD-2 deprem yer hareketi dizeyinde elde edilen
parametreler asagida siralanmistir [17].

Sae(T) = (0.4+ 0.6 T/Tx)Sps O<T<Ty
Sae(T) = Sps (Ta <T <'Ty)
Su(T) = Spi /T (Ts < T <TY)
Sae(T) = Spi TL/T2 (TL < T)

Ta= 0.2 (Sp1/Sps)= 0.056 s

Ts= (Sp1/Sps)= 0.282's

Ti=6s

Kisa periyot harita spektral ivme katsayist, Ss = 0.824

1.0 saniye periyot i¢in harita spektral ivme katsayist, S; = 0.232

Yerel zemin etki katsayilari, Fs = 0.800 ve F; = 0.800

Bu durumda, TBDY 2.3.2.2° ye gore, tasarim spektral ivme katsayilart Sps ve Spi, TBDY
Denk.(2.1) ile

Sps = SsFs = (0.824) (0.800) = 0.659

Spi = SiF1 = (0.232) (0.800) = 0.186

olarak elde edilmektedir.

Bu durumda binanin deprem tasarim sinifi (DTS), bina kullanim sinifi, BKS = 1 olmak tizere ve
DD-2 deprem yer hareketi diizeyi i¢in tanimlanan kisa periyot tasarim spektral ivme katsayisi,
Sps’nin, TBDY Tablo 3.2’ye gore, 0.50 < Sps = 0.659 < 0.75 kosulunu saglamast nedeniyle, DTS
= 2a olarak belirlenmektedir.

2.2.2 Bina Yukseklik Sinifi (BYS)

Kitiphane binasinin, bina tabanindan itibaren yuksekligi, Hy = 4+3*3 = 13m olarak
hesaplanmaktadir. Bu durumda TBDY Tablo 3.3’ e gére, deprem tasarim sinifi, DTS = 2a igin,
10.5 < Hx=13.0 = 17.5 oldugundan, bina ytikseklik sinifi, BYS = 6 olmaktadir.

2.2.3 Bina Performans Hedefi
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TBDY Tablo 3.4(a)’ya gére deprem tasarim sinifi, DTS= 2a ve deprem yer hareketi dtizeyi, DD-
2 i¢in yeni yapilacak bu ¢elik kiitiphanenin performans hedefi; normal performans hedef;,
kontrollii hasar (KH) ve degerlendirme/tasarim yaklasimi, dayanima gore tasarim (DGT™)
yaklasimi olarak belirlenmektedir.
2.3 Diizensizliklerin Kontrolu
TBDY 3.6 uyarinca diizensizlik kontrolleri yapilacaktir. Planda diizensizlik durumlari ve diseyde
diizensizlik durumlar mevcut degildir.
TBDY 3.6.2.1 uyarinca, burulma duiizensizligi (A1 tiirl) ve komsu katlar arast rijitlik diizensizligi
(B2 turt), deprem tasarim sinifi, DTS = 2a ve bina yikseklik sinifi, BYS = 6 olarak belirlenen
bu kutiiphane i¢in TBDY Tablo 4.4tUn ilk satirindaki kosullar esas alinarak yapilmistir.
Asagidaki tablolarda A1 tiirti burulma diizensizligi ve B2 tiirti rijitlik diizensizligi durumlarinin
mevcut olmadigr gorilmektedir.

Tablo C-1. A1l tirid (x yont) burulma diizensizligi kosulunun kontrold [12].

Kat (AI™) o (ALY or¢ np ™ Kosul
(m) (m)
Cat1 0,00614 0,006 1,023333333 =20
3 0,0001 0,00603 1,011608624 <20
2 0,0068 0,00675 1,007407407 =20
1 0,005357 0,005279 1,014775526 <20
Tablo C-2. Al tiirt (y yoni) burulma diizensizligi kosulunun kontrolii [12].

Kat (A1) e (AP o0 np, Y Kosul

(m) (m)
Catt 0,00544 0,004965 1,095669688 <20
3 0,00803 0,00781 1,028169014 <20
2 0,007091 0,00698 1,0159 =20
1 0,006698 0,006413 1,044440979 =20

Tablo C-3. B2 tiri (x yonu) rijitlik diizensizligi kosulunun kontrold [12].
Kat (AL /1) or (Ai-1% /hi-1) o n,® Kosul
G-3 0,002 - - -
3-2 0,00201 0,00201 0,995024876 =20
2-1 0,00225 0,00225 0,893333333 =20
1-Zemin - 0,00131975 1,704868346 =20

Tablo C-4. B2 turt (y yonu) rijitlik diizensizligi kosulunun kontrold [12].
Kat (A1 /h))ore (Ai-1% /hi-1)on n, Kosul
G-3 0,001655 - - -
3-2 0,002604 0,002604 0,63572 =20
2-1 0,002326 0,002326 0,99389 =20
1-Zemin - 0,001603 1,63376 =20

2.4 Hesap Yonteminin Segilmest
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Ayrintilart TBDY 4.8’de agiklanan Modal Hesap Yontemleri’nden herhangi biri (Mod Birlestirme
Yontemi veya Mod Toplama Yontemi)’de uygulanabilir.

Incelenen sistemin TBDY Tablo 4.4’ tin kosullari sagladigini ve TBDY 4.7’ de agiklanan Esdeger
Deprem Yuki Yontemi’nin uygulanabilecegini gostermektedir.

2.5 Esdeger deprem yiikt yontemi ile dogrusal deprem hesabt
2.5.1 Binanin Hakim Dogal Titresim Periyodunun Belitlenmesi

Esdeger Deprem Yiikii Yontemi’nin uygulanmasinda, TBDY Denk.(4.206) ile hesaplanan,
kitiphanenin her iki deprem dogrultusundaki birinci dogal titresim periyotlari, TBDY Denk.(4.27)
kullanilarak elde edilen periyot degerinin 1.4 katindan daha buytk alinmayacaktir.

N (x0)271/2
®) _ o [Zi=aMids
Tp =2r Iml (TBDY 4.26)
i=1ff; %
Tps = CeHY* (IBDY 4.27)
Bu denklemde, m; toplam kat kiitlelerini gostermektedir ve asagidaki baginti ile hesaplanmaktadir.
Wi 1

m; = 7 = g [G; +n(Q;)]

Ikinci normal kat icin, TBDY Tablo 4.3’ gore n = 0.60 alinarak, kat agirlig1 ve kat kiitlesi hesab1
asagida ayrintili olarak verilmis ve diger sonuglar tablo C-1.5e topluca gosterilmistir.
wy = (18 x32) X (5.6 + 0.60 X 5) + 2 X (18 + 32) x 3 = 5253.6 kN
5253.6

M2 = T981
Cat1 katt agirhigy, sabit cat1 yiikleri ve hareketli yik kutle katiim katsayist n=0.30 ile carpilarak g6z

= 535.5kN —s?/m

oniine alinan catt kar yiikd toplanarak, (G + 0.30S) seklinde hesaplanmaktadir.
Tablo C-5. Kat agirliklart ve kat kutleleri

Kat wi (kN) mi (kN-s2/m)
Catt 2926,64 2983

3 5253,6 535,5

2 52536 536,5

1 52536 5375

3 18687,44 1907,8

Fg fiktif kuvvetleri kat agirliklart ve kat yiikseklikleri ile orantili kuvvetlerdir ve asagidaki baginti ile
hesaplanmaktadir.

B =F m;H;
=y
?’=1ij]’

Buradaki F, = 1000 kN olarak alinacaktir.
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Tablo C-6. (X) dogrultusu icin fiktif yiiklerden olusan kat yer degistirmeleri [12].

Wi m; =W /g Fs ® ds® m; dg®™ 2 Fs® dg®
Kat : , , : :
(kN) (kN-sn?/m) (kN) (m)
4 2926,64 298,332 256,425 0,06921 1,4289 17,7464
3 5253,6 535,535 354,083 0,06219 2,0715 22,0218
2 5253,6 535,535 247,858 0,05136 1,41277 12,7305
1 5253,6 535,535 141,633 0,03522 0,66419 4,9879
Dkat 18687,4 1904,94 1000,0 5,57736 57,4867
Tablo C-7. (Y) dogrultusu icin fiktif ytiklerden olusan kat yer degistirmeleri [12].
Wi m; = Wi /g Fs ® ds® m; ds® 2 Fs® dg®
Kat , , ‘ : :
(kN) (kN-sn?/m) (kN) (m)
4 2926,64 298,332 256,425 0,07844 1,83554 20,1137
3 5253,6 535,535 354,083 0,07115 2,71098 25,1927
2 5253,6 535,535 247,858 0,05954 1,89848 14,7575
1 5253,6 535,535 141,633 0,04166 0,92923 5,89973
Dkt 18687,4 1904,94 1000,0 7,37422 65,9636
_ 5.57736 ..
TP(X) =2XTmX (m) = 1.95 sn

olarak bulunur. Benzer sekilde, y dogrultusundaki hakim dogal titresim periyodu

Tp® = 2.1 sn

degerini almaktadir. TBDY 4.7.3.4%e gore, C; = 0.08 olmak tizere,

Tp™ = 1.95 sn > Tpa®™ = 1.4C;HN* = 1.4 (0.08) (13)*= 0.767 sn

Tp®™ = 2.1 sn > Tpa®™ = 1.4CHN* = 1.4 (0.08) (13)**= 0.767 sn

oldugundan TBDY 4.7.3.2 uyarinca,

Tp™ = Tp™ = 0.767 sn

olarak hesaba katilacaktir.

2.6 Deprem Yiikii Azaltma Katsayist

TBDY Tablo 4.1’e gore, izin verilen bina yiikseklik sinifina uygun olarak (BYS = 6 = 3), deprem
etkilerinin tamaminin moment aktaran stineklik diizeyi yliksek celik cercevelerle karsilandigr binalar
igin tastyict sistem davranis katsayisy, R = 8 ve dayanim fazlaligi katsayisi, D = 3 olarak verilmektedir.
To® = Tp™ = 0.767 sn > Ty = 0.282 sn oldugundan, deprem yiikii azaltma katsayist

R. (Tp™) = R, (Tp™) = R®/T=R™/1=8/1.5=5.33

olarak elde edilmistir.

2.7 Toplam Yatay Esdeger Deprem Yiki (Vig),

TBDY 4.7.1°e gore, deprem dogrultularinda kiitiphanenin timiine etkiyen taban kesme kuvveti (Vx),
asagidaki denklem ile hesaplanmistir.

Vie® = m, Six (Tp™) = 0.04 mI Spsg TBDY (4.19)
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Binanin (X) ve (Y) dogrultularindaki taban kesme kuvveti,
Tp = 0.282 sn <T = 0.767 sn < T = 6 sn oldugundan,

oo (1) 2 SD1_ 0186 _ o
) =T T 0767
Sae (T)  0.242
R (T) = - = 0.04
SaR(T) =20y =533 ~ 0045

V™ = Va® = (1904.94) (0.045) (9.81) = (0.04) (1904.94) (1.5) (0.659) (9.81)

V™ = V™ = 848.11 kN = 739.13 kN

seklinde bulunmustur.

2.8 Katlara Etkiyen Yatay Esdeger Deprem Ytkleri

TBDY 4.7.2’ye gore gore, katlara etkiyen esdeger deprem ytiki AFye (x) ve (y) yonleri icin,
AFxe™ = 0.0075 N Vi ® = 0.0075 (4) (848.11) = 25.443 kN

APxe® = 0.0075 N Vi © = 0.0075 (4) (848.11) = 25.443 kN

olarak hesaplanmuistir.

Fie™ = (V) — AFGY) z

N .0
j=1 M;jHj

m; Hj

TBDY Denk. (4.23)

TBDY Denk. (4.23) ile hesaplanan Fiz™ ve Fir" esdeger deprem yiikleri, Tablo C- 8.’de topluca
verilmistir.

Tablo C- 8. Katlara etkiyen esdeger deprem yiikleri [12].

Fi = (V.-AFx) * (Wi* H;) /

h H W, Wi * H;  (V-AFy) (YW, * H;) \

(m)  (m) (kN) (kNm) (kN) (kN) (kN)
4 300 13,00 2926,64 380463 822,669 210,953 210,953
3300 10,00 52536 52536 822,669 291,293 502,247
2 300 7,00 5253,6 367752 822,669 203,905 706,152
1 400 400 52536 210144 822,669 116,517 822,669

2.9 Dusey deprem etkisi

TBDY 4.4.3’e gore disey deprem etkisi TBDY Denk. (4.10) ile yaklasik olarak hesaba katilmistir.
Eq¥” = 2/3 Sps G = (2/3) X 0.659 X G = 0.44 G

1.2G + 03 Ed” = 1.332 G

0.9G-03E" =0.768 G

Deprem etkisi iceren yuk birlesimleri dikkate alnacaktir.

2.10 Yatay deprem yiiklerinin etkime noktalari
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Kituphane binasinda A2 ve A3 tirt dizensizliklerin bulunmadigt déseme diizlemi icinde 6nemli sekil
degistirmelerin meydana gelmedigi gorilerek, désemeler rijit diyafram olarak modellenmektedir.
TBDY 4.5.10’a gore, katlara etkiyen esdeger deprem yiiklerinin, ek dismerkezlik etkisinin hesab,
e™ = +0.05%32.00 = £1.60 m (X dogrultusundaki ek dismerkezlik)
e¥ = +0.05%18.00 = £0.90 m (Y dogrultusundaki ek dismerkezlik)
degerlerini alirlar.
3. Riizgar Yikleri
TS- 498’e gore rizgar yiki hesabi
Yapt tst diizeyine etkiyen riizgar basinct w, Denklem 1.1%e gére hesaplanmustur.

w=Cpxq (1.1)
Emme (rtzgar basinct) degeri binanin zeminden yuksekligine bagl olarak Cizelge 1.1°e gbre

belitlenmistir.
Tablo 9. Zeminden ytkseklige baglt olarak riizgar hiz1 ve emme [11].
Zeminden yukseklik Riizgar hizi Riizgar basinci
(m) v (m/9) q(kN/m’)
(0-8)m 28 0.5
(8-20)m 36 0.8
(20-100)m 42 1.1
>100 m 46 1.3

Yukarda gosterilen X dogrultusu igin yapilan islemler Y dogrultusu i¢inde yapilmis ve Sap2000
programina aktarilmustir.

4.Yuk Bitlesimleri

Tagstyict sistemin sabit ve hareketli ytikler ile deprem ve riizgar kuvvetleri altinda analizleri sonucunda
elde edilen i¢ kuvvetler, CYTHYE 5.3.1, TBDY 4.4 ve TBDY 9.2.5” uygun olarak secilimistir.
5.Kiris kesiti i¢in kontroller

Celik Sinifi
S275 F, = 275 N/mm’ F, = 430 N/mm”

Tablo 10. IPE 450 Kesit Ozellikleri [16].

d = 450 mm Wely = 15.00¥10° mm’ WplLy = 1.702*10° mm’
bf = 190 mm Cw = 791%10° mm° j = 668700 mm*

tw = 9.4 mm G =77.6kg/m As = 9882 mm?

tf = 14.6 mm h = 378.8 mm r =21 mm

Iz = 16.76¥10° mm* 1x = 184.8 mm

B Aksit boyunca 3-4 akslart arasindaki 1. Kat, kirisinin tasarim dayanimi kontrold, disey yukler ve
deprem yikleri altinda yapdmistir. Gerekli egilme momenti dayanimi asagidaki bagint ile
hesaplanacaktir.

M, = B1 M, + B2 My,

Sadece diigey yik (1.332G + 0.5Q + 0.2S) birlesimleri etkisinde kiris uclarinda olusan egilme

momentleri,
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M1 = -72.85 kNm Mz = - 40.71 kNm

Sadece yatay yiik (+ Eq® + 0.3E,") birlesimleri etkisinde kiris uglarinda olusan egilme momentleri,
M1 = 7529 kNm My = -76.70 kKNm

degerleri almaktadir.

a) Biarttirma katsayisinin belirlenmesi,

Kiriste eksenel basing kuvveti ihmal edilebilir diizeyde kiiciik oldugundan, Pr = 0.0 olarak varsayilabilir.

mx

By, = > 1 a=10

P
1= Pelx
CYTHYE 6.5.2.1 (b) uyarinca, egilme diizleminde mesnetler arasinda yanal yik bulundugundan,
gvenli tarafta kalmak tizere, Crx = 1.0 degeri kullanilabilir.

Bix= 1.0 2 1 oldugundan By, = 1.0 olarak elde edilir.
b) Bsarttirma katsayisinin belirlenmesi,
CYTHYE 06.5.2.2 dikkate alinarak zemin kat icin,
B = BZx,ZK =1.038
olarak hesaplanmist1.
Birinci kat icin:

Hy L

Pe,katx = RMx A
Hx

Ry =1-0.15 (mex / Pkm)

Pra = 14248 kKN

Prae = 19336 kN

Rux = 1 —0.15 (14248/ 19336) = 0.889
Hi = 706.152 kN

Ay = 0.012m
P = 0.889 L0150 G) _ 156942 kN
0.012
1
Box = th(at =1 a=1.0
Pe,katx

Bosik = 1.14 = 1 oldugundan Bo, ik = 1.14 olarak elde edilir. Boylece,
Box = maks (11.038; 1.14 ) = 1.14 degerini alur.

c) TBDY 9.3.1.4 uyarinca, kiris enkesiti yerel eksen takimina gore gerekli egilme momenti dayanimi,
M = BixMouw + B2 Miw = (1.0) (72.85)+ (1.14) (75.29) = 158.68 kNm
olarak hesaplanmistir.

d) Kiris enkesiti icin enkesit kosulunun kontrold,

Baslikta:

b=190/2=95 mm

JE/Fy=4/200000/275= 26.96

b/t =95/14.6 = 6.51 < 0.30 X 26.96 = 8.09 kosulu saglamaktadir.
Govdede:

233



Naimi, Sepanta & Keskin, Eray &; Stineklik Diizeyi Yiksek Moment Aktaran Celik Cergeveli Tag1yict Sistemin
Deprem Performansinin Degerlendirilmesi

_ Puc _ 0
@c (FyA) ~ 0.90 (275)(9880)

h/tw = 378.8 / 9.4 = 40.30 < 2.45 X \JE/Fy X (1 -0.93Ca) = 2.45 X 26.96 X (1-0) = 66.07
kosulu saglamaktadur.

= 0 < 0.125 olmak tizere,

a

e) Kirisin tasarim egilme momenti dayaniminin belirlenmesi
En uzun kiris icin Lb = 2500 — 0.752 = 1.75 m olarak elde edilir.

E
Lb < 0.086 iy ()

kosulu saglanmalidur.

Lb = 1.75 < 0.086 (41.2) (200000/275) 10” = 2.58 m oldugundan kosul saglanmaktadir.
En buyik egilme momenti degerinin elde edildigi, yanal olarak desteklenmeyen uzunlugu,
Lb = 0.75 m olan kiris pargast i¢in yapilacaktir.

E
Lb=750mm < Lp = 1761y F_y = 1955 mm

oldugundan karakteristik egilme momenti dayaniminin elde edilmesinde akma sinir durumu
belitleyicidir ve bu dayanim CYTHYE Denk.(9.2)’ye gére hesaplanacaktir.

M1 = -72.85 kNm Mz = - 40.71 kNm

Migi = 75.29 kNm M= -76.70 kNm

M1 = Bix Mawt + Box Miw1 = (1.0) (-72.85) + (1.14) (75.29) = 12.98 kNm

M2 = Bix Maw2 + Box Miw2 = (1.0) (-40.71) + (1.14) (-76.70) = -128.15 kNm

karakteristik egilme momenti dayanimi, My,

M.y = My = Fy Wi = (275) (1.702) = 468.050 kNm

tasarim egilme momenti dayanimi, M

Maix = ¢ Max

M= 0.90 (468.050 ) = 421.245 kNm

f) Kirisin tasarim egilme momenti dayaniminin kontrold,

1.332G + 0.5Q + 0.2S - Eq® + 0.3E," yiik birlesimi altinda elde edilen gerekli egilme momenti
dayanimi, M, = 150.21 kNm olmak iizere,

Mu 150.21

Md ~ 421.245
) Kirisin tasarim kesme kuvveti dayaniminin kontrolii

h/tw = 378.8 / 9.4 = 40.30 < 2.24 X \JE /Fy = 2.24 X 26.96 = 60.39 oldugundan

¢.=1.00 (YDKT) ve C,1 = 1.0 olarak alinacaktir.

V. =0.6F, Ay Cu

V. = 0.6 (275) (378.8%9.4) 1.0 (10)” = 587.519 kN

Va= ¢, V.

Vq=1.0 (587.519) = 587.519 kN

h) Kirisin tasarim kesme kuvveti dayaniminin kontrold,

1.332G + 0.5Q + 0.2S - Eq™ + 0.3E4Myiik birlesimi altinda elde edilen gerekli kesme kuvveti dayanimi,
V, = 69.2 kNm olmak tzere,

=0.356 <1.0
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Vu 69.2

Vd ~ 587.519
1) Kiriste kullanilabilirlik sinir durumunun kontrold

=0.117 <£1.0

Sehim kontrolti G+Q yiik bitlesimi altinda degetlendirilecektir. Yerdegistirme sinir degeri olarak (L /
300) esas alinmaktadir. L kirisin sistem boyunu gostermektedir.

Amaks = 0.025m LL=8m
Amaks _ 0.025 _ 1 < 1
L 8 320 300

kosulunu saglamaktadir

6.Kolon kesiti i¢in kontoller

Celik Sinifi

$355 F, = 355 N/mm* F, = 510 N/mm?
Tablo 11. HE 650 BKesit Ozellikleri [16].

d=65cm Wel,x = 6380 cm’ Wplx = 7320 cm’
bf = 30 cm Cw = 13.36*¥10° cm® J=739.2 cm’

tw = 3.1 cm G = 76923 MPa A =286 cm®

tf = 1.46 cm h =534 cm iy = 6.99 cm

ix =27.12 cm Ix = 210600 cm*

B/4 kolonu icin 1.332G + 0.5Q + 0.2S+ Eq™ + 0.3E4" ve 1.332G + 0.5Q + 0.2S+ D (B~ +
0.3Eq™) yiik birlesimlerinden yararlanilarak yaklasik ikinci mertebe analizi yapilarak asagidaki
bagintilar ile hesaplanacaktir.

M; = B1 My + B2 My,

P, = Pn + B, Pys

1.332G + 0.5Q + 0.2S yiik birlesiminde eksenel basing kuvveti, P, ve kolon enkesiti yerel eksen
takimina gore olusan egilme momenti, M,

P..= 1327.47 kN (Basing)

M = +12.06 kNm Maeise = -12.58 kKNm

olarak elde edilir.

Yiik birlesiminin sadece yatay yiikleri (+ Eq® & 0.3E,") etkisinde olusan eksenel basing kuvveti, Py
ve egilme momenti, My, ise,

Pi=-73.95 kN (Cekme)

M= 310.73 kNm

Miwise = 25.49 kKNm

degerlerini almaktadir.

a) Biarttirma katsayisinin belirlenmesi,

C
Biy=—-—2>1 o= 1.0
1— Py
Peix
M, < M, ve cift egrilikli egilme durumunda (M:/M>) orant porzitif isaretli olmak tzere,

Mi = Mo = 12.06 kNm ve My = My = 12.58 kNm olarak belitlenir. Bu durumda,
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Cix = 0.6 — 0.4 M;/M) = 0.6 —0.4 (12.06/ 12.58) = 0.216 degeri kullanilabilir.

Pi= Po + P1u=1327.47 — 73.95 = 1253.52 kN

degerlerini alirlar.

CYTHYE 6.2.3(b) uyarinca, eksenel kuvvet diizeyine baglt olarak uygulanacak, tb katsayisinin degeri
1.0 olarak alinmistir.

p 2 El _ ,(0.80)(200000021060 10" ' o oo,
T W L2 (1.04)? e
0.216
le = m =0418<1
2595.54

oldugundan By, = 1.0 olarak elde edilir.
b) Bsarttirma katsayisinin belirlenmesi,

1
X 1 apkat
e katx
H, L
Pe,katx - RMx =
Agx

Rae =1 =0.15 (P / Pray)

Pne = 191024 kKN

Piae = 19336.95 kN

Ryx =1 -0.15 Puns / Pia) = 1- 0.15 (19102.4/ 19336.95) = 0.852
H. = 822.639 kN

Anx = 0.0053 m
_ Hyl _ 822.639 (4) _
Pejas = Rpyx Ay 0.852 “ooosz = 528860 kN

Bxx= 1.038 = 1 oldugundan Bx. = 1.038 olarak elde edilir. Béylece,

Bo = 1.038 < 1.7 kosulu sagladigindan, fiktif yiklerin sadece disey yiikleri igeren yiik birlesimlerinde
dikkate alinmasinin uygun oldugu anlasilmaktadir.

c) TBDY 9.3.1.3 (a) uyarinca, eksenel kuvvet dayanimt ve kolon enkesitinin yerel eksen takimina
gore gerekli egilme momenti dayanimi,

Pic = Pue + Bog Pisc= 1327.47 +(1.038) (— 73.95) = 1250.71 kN

M = Bix Muw + B Miw = (1) (12.58) + (1.038) (310.73) = 335.1 kNm

d) Gerekli kesme dayanimi ise, 1.332G + 0.5Q + 0.2S + E4® + 0.3E4" yiik birlesimi altinda,

V, =77.59 kN

CYTHYE 6.2.3(b)’ye gore

P..= F, A, = (355) (28600) 107 = 10153kN

‘;—Pr — 1.0{1250.71) (1102155(;71) = 0.123 < 0.50 oldugundan [}, = 1.0 alinmasinin uygun oldugu ve bu

durumda egilme rijitliginin ayrica azaltilmasina gerek yoktur.

e) TBDY 9.3.1.3 (b)’ye uygun olarak 1.332G + 0.5Q + 0.2S + D (Eq® + 0.3E4") yiik birlesimi
altinda eksenel basin¢ kuvveti, Py

P..= 1327.47 + 221.85= 1549.32 kN

olarak hesaplanmaktadir.
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Baslikta:

b=300/2=150 mm

JVE/Fy=./200000/355= 23.73

b/t =150/31=4.84 < 0.30x23.73 = 7.12 kosulu saglamaktadir.

Govdede:
C = Puc  _ 154932
* @c(Pns)  0.90(10153)

= 0.169 > 0.125 olmak tizere,

h/tw =534 / 16 = 33.38 < 0.77 x [E/Fy X (2.93 - Ca) = 0.77 X 23.73 X (2.93 — 0.169) = 50.54

33.38 = 50.54 = 1.49 (23.73) = 35.35

kosulu saglamaktadur.

f) Kolonun tasarim eksenel basing kuvveti dayaniminin belirlenmesi
X ekseni etrafinda egilmeli burkulma sinir durumu

K, =10
Lo  (1.0)(4000) E
X e 1475 < 471 |—=111.76
iy 271.2 E,

355

Fy
Fopp = [0.658Fexl E,= 0.658—9109.9] 355 = 349.25 = MPa

n’E
E, = ~=9109.9 MPa

L CcX
(52)
Y ekseni etrafinda egilmeli burkulma sinir durumu
K,=1.0

L 1.0)(4000 E
= (10)(4000) _ 57.22 < 471 |— =111.76
i 69.9 F,

Fy
Fopy = l0.658F6’yl F, = 277.45 MPa

m%E
F,, = —— = 602.88 MPa

(2

Z. ekseni etrafinda egilmeli burkulma sinir durumu

K, =1.0
E [”2 ECw G]l b 98636 MP
= |——— —_— = . a
¢z " (Lyy)? I + 1,
fy 3% _ 0.359 < 2.25
E, 98636 7

e

Fy
Ly = l0.658Fezl E, = 305.47 MPa

=

W = Foy Ay = (277.45) (28630) 10° = 7935 kN
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Pa= ¢ P= 0.9 (7935) = 7141.56 kN

¢) Kolonun tasarim egilme momenti dayaniminin belirlenmest
L, = 4000 mm

L,=1.761i,/E/Fy = 2919 mm
L, 2 L, oldugundan L. hesaplanmalidur.

2

. E Je ( Je )2 <0-7Fy)
L, =1. 7
r 95lt50.71~“y Wexho-l_\/ w.n) T07\ g

L.= 7341 mm
c=10h,=d—-t=0650-31 =619 mm
by

Les
1 ht
12 (1 + ——W>
1s = 80.65 mm hesaplanmustir.

L, < Ly < L: oldugundan, karakteristik egilme momenti dayanimi, CYTHYE Denk.(9.3) ile
hesaplanacaktir.

h) Kolonun tasarim kesme kuvveti dayaniminin kontroli

CYTHYE 10.2.1(a) uyarinca,

h/tw =534 / 16 = 33.37 < 2.24 X \JE/Fy = 2.24 X 23.75 = 53.2 oldugundan
¢, =1.00 (YDKT) ve Cyi = 1.0 olarak alinacaktir.

V. =0.6 F, Ay Cu

V. = 0.6 (355) (534%16) 1.0 (10)° = 1819.87 kN

Va= ¢, V.

Va= 1.0 (1819.87) = 1819.87 kN

V.= 77.59 kN olmak tzere,

Vu 77.59

Vd ~ 587.519
HEG650 B kolonu dayanim kontrolleri bakimindan yeterlidir.

=0.132 <1.0

7.Kolonlarin kiriglerden daha giiglii olmasi kosulunun kontrolleri

Stineklik diizeyi ytksek olan bu sistemde kolonlarin kirislerden guiclii olmast kosulu asagidaki bagintt
ile kontrol edilmistir.
M,
—=>1.0

Kolon egilme momenti kapasiteleri toplam1 XM, , kitis egilme momenti kapasiteleri toplami M dit.
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Fy+Fy _ 275+430

2F,  2(275)
M = Mprsag = Mpeso = Cor Fy Ry W, = (1.2) (275) (1.3) (1702x10% 10° = 730.158 kNm olarak
hesaplanmistir.

Cor = = 1.28 > 1.2 oldugundan C,. = 1.2 alinmak tzere,

Kiris net agtkligy, In,
d. 0.450
l,=L-— 27— 2l, =8— ZT— 2(0.302) = 6.946m

Sadece dusey yiik etkisi altinda 1.2G + 0.5Q + 0.2S yiik birlesimi altinda elde edilen kesme kuvvetleri,
Vi

Varsag = 19.55 kN

Virso = 49.69 kN

2 Myy sag 2 (730.158)
Vuesag = T — Vagr = 6946 19.55 = 190.69 kN
2 My 501 2 (730.158)

+ 49.69 = 259.93 kN

Vuc,sol =

L, T 6946
Kesme kuvvetinden dolayt kolon ekseninde olusan toplam ek egilme momenti,

My = Vuesaz T Vieso) (I + de/2) = (190.69+259.93) (0.302+ 0.450/2) = 237.48 kNm

Y My, = 2 (1.1 Fyp, Ry, Wip) = 2 (1.1) (275) (1.3) (1702%10%) 10° = 1338.623 kNm olarak hesaplanmistir.
Digiim noktasinda bitlesen kirislerin toplam egilme momenti kapasiteleri,

Y My = S Mpp+ Y M.y = 1338.623 + 237.48 = 1576.01 kNm

Kolon egilme kapasite hesabi

1.332G + 0.5Q + 0.2S + D (Eq® + 0.3E4™) yiik birlesimi altinda zemin kat kolonu tist ucu i¢in diigim
noktasinda eksenel basin¢ kuvveti, Py,

Pu, = 1536.74 kN

Mse: = Wies (Fye = P/ Ay) = 5880%10° (355 — (1536.74%10°)/ 28630)10°

M., = 1771.78 kNm

1.332G + 0.5Q + 0.2S + D (Ea™ + 0.3E4") yiik bitlesimi altinda birinci kat kolonu alt ucu icin diigim
noktasinda eksenel basing kuvveti, Py

Put = 1144.34 kN

Mpet = Wpet (Fyi = Puat/ Ag) = 5880x107 (355 — (1144.34x10%)/ 28630)10°

M, = 1852.38 kNm

Her iki dik dogrultuda kiris ekseni hizasindaki kolon enkesitinin plastik egilme momentleri, M,.,* ve
M,1* kat orta noktalarindaki dénme sekildegistirmesinin sifir oldugu ve egilme momentinin dogrusal

olarak degistigi kabulii ile hesaplanmustir.

YM,., = 1771.78 <ﬁ> = 1996.37 kNm
tT T2

M, = 1852.38 <151—§‘450> = 2179.27 kNm
P72

XM, (1996.37 + 2179.27)
nM,," 1576.01

= 2.64>10
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Gigli kolon zayif kiris kosulu saglanmaktadir.

Sonug¢

Moment aktaran gerceve sistemde taban kesme kuvveti TBDY 2019 ‘g6re esdeger deprem
yikiine gore 848 kN hesaplanmigtir. Sap2000°de elemanlarin agirliklarinin toplam olarak hesaba
katilmastyla bu deger 878 kN ¢ikmustir. Es deger deprem yiikii hesabinda azaltimis i¢ kuvvetlerin ve
yer degistirme buyutklikleri dikkate alinmis. Modal analizde yapinin birinci modunu Y yéntnde ikinci
modunun X yoéninde ve tcinci modunun burkulmaya calismast tasarlanan celik tastyict sitemin
tutarliligini géstermistir. Modal analiz hesap yontemine gore taban kesme kuvvetine ait modal etkin
kiitlelerin toplami, bina toplam kiitlesinin %95’inden ytksek bir degere ulasmistir.

Yeni ¢elik yonetmeligi ile birlikte hesaplarda ikinci mertebe teorisinde denge denklemleri yapi
sisteminin sekil degistirmis ekseni tizerinde yazilmaktadir. Yapr sisteminin sekil degistirmis ekseni
bilinmediginden, ikinci mertebe teorisi dogrusal (lineer) degildir. Kullanilan kombinasyonlar non-lineer
elemanlarin egilme, kayma ve eksenel sekil degistirmeleri ile birlikte yapt sisteminin yer degistirmesinde
dolay1 stiper pozisyon prensibi gecerli olmadigindan disey isletme ytklerinin ilgili yiik katsayilari ile
carpimindan olusan toplam dusey yiikler altinda analiz yapilmistir.

Digiim noktasinda birlesen kirislerin toplam egilme momenti kapasiteleri saptanmustir.
Digim noktasina ait giicli kolon ve zayif kiris birlesim kontroli yapilar yapinin alacagr hasar
sonucunda ilk baglantt kaybr kirislerde gozlenmistir.

Rijitlestirilmis en kesit pargasina ait kontroller yapilarak sehim sarti saglanmustir.

Calisma sonucunda moment aktaran celik ¢erceve sistem dusey yukler altinda zorlanmazken
yataydan gelen riizgar ve deprem yikleri altinda sinir degerlere ulasmistir. Birinci kattaki yer
degistirmenin diger katlarin yer degistirmesinden fazla olmasinda burkulma boyu 6énemli bir rol
oynamistir.
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Vibratériin Urettigi Harmonik, Sweep Sinyali Olarak Kullanilir m1 ?

Orhan Giirelf!

Girig
Petrol, Dogalgaz, Jeotermal ve Maden Aramaciliginda Jeofizigin bir yontemi olan “Sismik
Yansima Yontemi” yaygin olarak kullanilir. Sismik yansima yonteminde kaynak olarak yaygin olarak

Vibrator denilen yeri titrestirerek dalga génderen bir ara¢ kullanilir. Bu Vibratorler sinyal (bu sinyale
sweep olarak isimlendirilir) iretirken, harmonik denilen gurtltileri de tretir.

Bir vibrator grubu (Bir atis noktasinda genelde 4 adet vibrator kullanilir, vibratér grubu denir)
kullanilarak elde edilen sismik verilerin harmonik bozulmalari iyi bilinen bir olaydir. Kaydedilen ham
verilerdeki bu harmonikler, kayitlarda harmonik hayaletler olarak bilinen kaynak (Vibrator grubu) ile
iliskili gtirtltd dizileri ile sonuglanir (Wei, Phillips, ve Hall, 2010).

Harmonikler, vibratér mekanik aksamina baglt olarak dogrusal olmayan etkilerinden (Walker
1995; Wei, Sallas, Crowell, ve Teske, 2007; Wet, Phillips, ve Hall, 2010; Wei ve Hall, 2011) ve 6zellikle
yakin ytizeyde (Lebedev ve Beresnev, 2004) olusur. Sismik veri toplama (Silverman, 1979; Rozemond,
1996; Moerig, Barr, Nyland, ve Sitton, 2004; Bagaini, 2006; Benabentos, Ortigosa, Moldoveanu, ve
Munoz, 2006; Bagaini 2010; Abd El-Aal, 2011) ve veri isleme asamasinda bu harmonikleri ortadan
kaldirmaya calisan bircok teknik gelistirilmistir (Sorkin, 1972; Eisner, 1974; Rietsch, 1981; Schrodt,
1987; Martin ve White, 1989; Okaya, Karageorgi, McEvilly, ve Malin, 1992; Martin, 1993; Li, Sollner,
ve Hubral, 1995; Walker, 1995; Li, 1997; Polom, 1997; Dal Moro, Scholtz, ve Iranpour, 2007; Abd El-
Aal, 2011; Jianjun, Jie, Yong, ve Xiling, 2012).

Temel sweep’ten (Fundamental sweep) elde edilen ham verilerdeki harmonikleri zayiflatmak
i¢in gesitli teknikler gelistirildi ve bu durumda veri kalitesini artirdi (Sorkin, 1972; Eisner, 1974; Rietsch,
1981; Schrodt, 1987; Martin ve White, 1989; Okaya, Karageorgi, McEvilly, ve Malin, 1992; Martin
1993; Anderson, 1995; Li, Sollner, ve Hubral, 1995; Walker, 1995; Li, 1997; Polom, 1997; Scholtz,
2002; Scholtz, 2003; Meunier ve Bianchi, 2003; Scholtz, 2004; Dal Moro, Scholtz, ve Iranpour, 2007,
Larsen, Hewitt ve Siewert, 2007; Sharma, Tildy, Iranpour, ve Scholtz, 2009; Juan, Yong, Long, Jiexin,
ve Jinlan, 2014; Gang ve Yuan, 2014).

Faz kaydirma yontemi, harmonik bozulma etkisinin giderilmesinde yaygin olarak kullanilan bir
yontemdir. Her sweep, 8 = 360 / N'ye esit bir baglangi¢ faz (8) kaymast ile tretilir, burada N, kayit
basina disen sweep sayisidir (Sorkin, 1972; Eisner, 1974; Rietsch, 1981; Schrodt, 1987; Espey, 1988;
Martin ve White, 1989; Okaya, Karageorgi, McEvilly, ve Malin, 1992; Martin 1993; Anderson, 1995;
Li, Sollner, ve Hubral, 1995; Walker, 1995; Li, 1997; Polom, 1997; Setcel User Manual, 1999; Dal
Moro, Scholtz, ve Iranpour, 2007; Abd El-Aal, 2010; Wuxiang, 2010; Yongsheng vd., 2011). Béylece
sweep frekansi kullanilarak harmonik guriltiler elimine edilmeye calisilir.

1 Orhan Giireli, Dr., ARAR Petrol ve Gaz AUP AS, Sismik Grubu, othangureli@gmail.com
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Yukarida goruldiugt gibi, farklt yazarlar calismalarinda harmonikleri bir gurdltd olarak
degerlendirmisler ve bunlari ortadan kaldirmak i¢in ¢esitli yontemler gelistirmislerdir. Bu yazarlara gore
harmonikler istenmeyen guriltt olarak kabul edilir ve kayitlardan gikarilmasi gerekir.

Harrison (2011 ve 2012) calismasina gore, Gabor doniisuimu kullanilarak Vibratorin trettigi
sweep ile ilgili temel ve harmonik bilesenlerine ayristirilmasini saglamustir. Ayrica yeni bir yaklasim ve
harmoniklerin ek bir sinyal olarak kullanilmast konusunda 6ncti bir ¢alisma olusturmustur. S1g ve ince
tabakalarin sismik gorinttlemesi icin harmoniklerin ve bunlarla iliskili yiiksek frekans igeriklerinin
kullanilabilecegini 6nermektedirler. Uygulamalarinda temel sweep’in harmonik bilesenlerden
kaldirtlmadigt unutulmamalidir. Bu noktada harmoniklerin sadece istenmeyen bir giiriiltii olarak degil
ayni zamanda, amaca uygun yiksek frekansli bir sismik kesit elde etmede kullanilabilir.

Bu makalede, harmoniklere gtrtltii olarak degil, sinyal olarak kullanilmast anlatilmistir. Bu
teknikte sweep’ler O ve 180 derece fazli tretilmektedir. Boylece farkli fazli sweep’ler hem toplanmis,
hemde bir birinden ¢ikarilarmustir. Boylece iki ayri kayit elde edilmistir. Bu kayitlardan bir tanesi, temel
trekanslt (fi-f2), digeri ise iki kat frekansh (2f;-2f;) olmustur.

Sweep Sinyalinin Elde Edilisi

Sweep Vibrator grubu tarafindan yere gonderilen sinyaldir. Vibratorler yere daha 6nceden
belirlenmis frekans araliginda (fi’den f,’ye dogru artan veya azalan) ve belirli bir siirede (sweep stiresi)
yeri titrestiren makinalardir (Sekil.1).

Sekil.1: Bir Vibrator grubunun gériiniisii (Resim: ARAR Petrol ve Gaz AUP AS)).

Harmoniklerin Analizi

Seriff ve Kim (1970) ifade ettigi tizere sweep ve harmoniklerinin teorik kistmlarini anlatmistir.
Sweep denilen sinyal dustik frekanstan yiksek frekansa dogru frekansi degisen bir sints dalgast
seklindedir.
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4

Sekil.2: Bir Vibrator grubu tirettigi Sweep sinyalinin gorinust (T: Sweep stresi (saniye), f1: Baslangic
frekanst (Hz.) ve f2: Bitis frekansi (Hz.)).

Seriff and Kim (1970) tipik lineer bir sweep’i S1 (¢, ) asagidaki formulle aciklamustir.

S1(t,0) = a;Sin[2n(f; + Qt)t + 6],

burada a; ve Q birer sabittir. Q sabiti ise asagidaki gibidir

_ L
Q="

Sweep S1(t)’nin kth harmonik bozulma formiili ise asagidaki gibidir

Sk (t, k0) = a Sin[2mk(f; + QO)t + kO],

3

burada a, sinyal genligi, f; sweep baslangic frekanst, f, sweep bitis frekansi, T sweep suiresi, k harmonik

derecesi, 8 sweep baslangic fazi, k6 k.ct harmonik fazi t ise zamandir.

Tablo.1’de ti¢ farkli sweep harmonikleri karsilastirilmustir.

Tablo.1: Sweep, faz ve harmonik iliskisi

) P k6 Sweep, | Sweepg Sweep.
Harmonik
derecesi derece) | (derece) k(fito f3) Sk (t, k0) (6=0°) (6=180°) (6=0°)
fitof, fitofs 2f, to 2f,
k=1 0 0 fitofo H; = S§,(t,0) H;
k=1 180 180 fitof, —H, = S,(t,180) + —H,
k=2 0 0 2f1 to 2f, H, = S,(t,0) H, + H,
k=2 180 360=0 2fito 2f, | Hy = S,(t,2x180) + H, +
k=3 0 0 3f1 to 3f, H; = 55(t,0) H, +
k=3 180 540=180 | 3f to 3f, —H, + —H,4
= S;(t,3x180)
k=4 0 0 4f, to 4f, H, = S,(¢t,0) H, + H,
k=4 180 720=0 4f,to4f, | Hy = S,(t,4x180) H,
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Sweep, ile Sweepg 'nin bitin parametreleri ayni, sadece baslangic fazi farkhidir. Sweep, ile
Sweep’nin butin parametreleri ayni, sadece baslangi¢ ve bitis frekanslar farklidir, yani iki katidur.

SW@epA :H1+H2+H3+H4+"‘+Hk, 4
Sweepgp = —Hy + H, — H; + Hy — -+ £ Hy, 5
Sweep, = Hy + Hy + -+ +Hj. 6

Sweepc’nin Hy, Hy, ... gibi harmonikleri ile diger Sweep’lerin harmoniklerinin arasinda genlik farks
vardir. Genlikler kendi icinde normalize edildiginde fark kaybolmaktadir. Bu ylizden bu calismada
genlikler ihmal edilmistir.

Eger Formil-4te Sweep, ve Formil-5te verilen Sweepp birbitleri ile toplanirsa tek sayili
harmonikler ve temel sweep elimine edilmis olur.

Sweep,p = Sweepy + Sweepg = 2H, + 2H, + -+ + ¢ift sayili harmonikler, 7
Eger Sweepg, Sweep,’dan cikarilirsa ¢ift sayili harmonikler elimine edilmis olur.

Sweep,_p = Sweep, — Sweepg = 2H; + 2H3 + -+ + tek sayilt harmonikler,8
burada Sweep,,p ve Sweep,_g korele edilmemis yeni sweep’lerdir.

Her bir sweep kendi Temel sweep (Fundamental sweep)’i ile korelasyon yapilir ve atislar elde edilir.
Bunlar da kayit olup “Record” olarak isimlendirildi.

Record, = H; & Sweepy, 9

burada Hy; Sweep,’nin Temel sweep’i, Record, ; Sweep,’nin H; ile korelasyonundan elde edilen
kayzt,

Recordg = H; @ Sweepg, 10

burada Hy; Sweepp’nin Temel sweep’i, Recordpg ; Sweepg’nin H; ile korelasyonundan elde edilen
kayut,

Record, = H, @ Sweep, 1

burada Hy; Sweepc’nin Temel sweep’i, Record. ; Sweep:’nin H, ile korelasyonundan elde edilen
kayzt,

Record,_p = H; @ Sweep,_p, 12
Record,,p = H, @ Sweepyyp, 13

burada Record,_p , Sweep, veya Sweepp ’nin H; olan Temel sweep’i ile Sweep,_p ’nin
korelasyonu ile elde dilit. Recordy,p ise Sweep:’nin H, olan Temel Sweep’i ile Sweep,,p nin
korelasyonundan elde edilir. Formul-9, 10, 11, 12 ve 13’teki @ kotelasyon operatorini temsil
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eder. Recordy,, Recordg, Record., Recordy,g ve Recordy_g “Raw shot” tabir edilen ham
kayitlardir.

Tracel: H1-Fundamental: FoN \ N\ f2
+
Trace2: H2: 2f1 — s o A AN A 2_f2
S ) y
Trace3:H3: 3 fy 32
+

Traced: Ha:  Afr— “AAAAAAAAAA B2

Trace5: Summed:

Fundamental and Harmonics

Sekil.3: 1z-1: Temel sweep-H; genligi-ct; = 100 birim, 1z-2: Birinci harmonik-H, genligi-a, = 50
birim. 1z-3: Tkinci harmonik-Hy genligi-ats = 33 birim. 1z-4: Ugiincii harmonik-H, genligi-at, = 25
birim. 12-5: Temel sweep S(t, 0°) ve harmoniklerinin toplami. Temel sweep ve harmoniklerin
birlikte gorinist (allta).

Sekil.3 sentetik olarak tretilen temel sweep ve harmoniklerini gostermektedir. Burada Hy -
Temel sweep ve harmonikleri zaman ortaminda (Ustte), toplanmis durumu (ortada) ve aynt eksende
karsilastirmalart (altta) gostermektedir.

Data Trace (mV)
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Sekil.4: Sentetik Temel sweep S(t, 0°) ve harmoniklerinin analizi, a) Zaman ortaminda, b) Frekans
ortaminda, ¢) Zaman-Frekans ortamnda analizi.

Sekil.4’de Sekil-3’de verilen sweep’in Testif-i programinda yapilan analiz sonucu gorilmektedir.
Analizde bir sweep’i olusturan temel ve harmonikleri ayri ayri (Sekil.3c)) ve Genlik-Frekans (Sekil.3b)
grafiginde ise temel ve harmoniklerin frekans araligi ve genlikleri gérillmektedir.

Sentetik Veri Uzerinde Harmonik Analizi

Tablo.2’de parametreleri verilen 3 adet sweep sentetik olarak tretildi. Temel sweep ile birlikte
kiyaslamak icin ti¢ adet harmonik te (Temel sweep-Hy, Hy, Hz ve Hy) tretildi.

Tablo.2: Sentetik veri icin sweep parametreleri.

Baslangic Sweep Frekanslart | Sweep

Faz1 Uzunlugu
Sweep, | 0 derece 12-64 Hz. 8 saniye
Sweeppg | 180 derece | 12-64 Hz. 8 saniye
Sweep | 0 derece 24-128 Hz. 8 saniye

Sekil-5’te verilen Sweep’ler igin Tablo.2’deki parametreleri kullanildr.

Sweep, a) — b} ~ / )

Sweepy

Sweep,_p

Sweep,.p
y \

Sweep.

Sekil.5: Sweep,, Sweepg, Sweep,.p, Sweep,_g ve Sweep, analizi, a) Her bir sweep’in Temel
sweep ve harmoniklerinin gorintsi, b) Her bir Sweep’in Temel sweep ve harmaniklerinin
toplaminin goriinist, ¢) Sweep,, Sweepg, Sweep., Sweep,_g‘nin temel sweep’leri ile

korelasyonu ve Sweep,, g’nin birinci harmonik ile korelasyonu.
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Sekil.5’te sentetik olarak uretilen Sweepy,, Sweepg, Sweep:, Sweep,,p and Sweep,_g analizleri
gorulmektedir. Sweep, ve harmoniklerinin baslangic fazi sifir (0) derece. Fakat Sweepp’nin Temel
sweep’i ve tek sayilt harmoniklerinin baslangic fazt 180 derece, ¢ift sayili harmoniklerin baslangic fazi
ise sifir (0) derecedir. Sweep nin ise giris faz1 sifir (0) derece olup Sadece baslangic ve bitis frekanslar
Sweep, ve Sweepp’ni baslangic ve bitis frekanslarinin iki katidir.

Gergek Veri Uygulamasi
Veri toplama ¢alismasi:

2020 yilinda, Arar Petrol ve Gaz AUP AS (ARAR) tarafindan Osmaniye ili sinurlar iginde
(Turkiye’nin giineyinde) sismik programi kapsaminda bu test ¢alismast yapildi. Bunun igin birbirini
takip eden 28 farkli atis noktasinda Sweep,, Sweepg ve Sweep Tablo.3’te verilen parametreletle
ayr1 ayri sweep’leri tiretildi ve kayit edildi. Herbir atis 20 m aralikla, ve 500 adet 20 m araliklara toprak
tzerine yerlestirilmis alicilar (jeofonlar) ile kayit alindi. Herbir atis noktasinda 12 sn uzunlugunda ve
12-64 Hz. frekanslarinda sweep’ler tretildi. Atiglarla ilgili diger parametreler Tablo.3’te verilmistir.

Survey Parameters of real data

Sweep, Sweepg Sweepc
Initial phase shift 0 degree 180 degrees 0 degree
Number of sweep 2 2 2
Sweep Length 12 sec 12 sec 12 sec
Sweep description 12-64 Hz 12-64 Hz 24-128 Hz
Sweep type Linear Linear Linear
Sweep taper-sinus 400ms (start)-400ms | 400ms (start)-400ms | 400ms (start)-400 ms
(end) (end) (end)
Sample rate 2 msec 2 msec 2 msec

Source parameters

Source Vibrator Vibrator Vibrator
Vibrator type AHV-IV AHV-IV AHV-IV
Number of Vibes 4 4 4

Peak force 61.000 pounds 61.000 pounds 61.000 pounds
Derive level 80 % 80 % 80 %

Survey parameters

Receiver group interval 20m 20m 20m
Shot interval 20m 20m 20m
Number of acttive channel 400 400 400
Geophone type SM24 SM24 SM24
Number of geophone per 24 24 24
group

Natural frequency 10 Hz 10 Hz. 10 Hz.

Tablo.3: Saha ve sweep parametreleri.
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Sekil.6: Recordy ham arazi kayit ve genlik-frekans spektrumu.

Sekil.6’da Tablo.3’te parametresi verilen sweep’ten elde edilen Record, ham arazi kayiti ve spektrumu
gorilmektedir. Bu kayit Sweep, ile Temel sweep’i-H;’in Formiil(9)’daki denkleme gore korelasyonu
ile elde edilmistir.

nooa
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| Recordp *

Sekil.7: Recordp ham arazi kayitt ve genlik-frekans spektrumu.

Sekil.7’de Tablo.3’te parametresi verilen sweep’ten elde edilen Recordpg ham arazi kayitt ve spektrumu
gorilmektedir. Bu kayit Sweepy ile Temel sweep-H,’in Formiil-10’daki denkleme gére korelasyonu
ile elde edilmistir.
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Sekil.8: Record,_pg ham arazi kayiti ve genlik-frekans spektrumu.
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Sekil.8de, Record,_p ham arazi kayitt ve spektrumu gorilmektedir. Bu kayit Sweep, ve Sweepg
‘ni farks alinarak elde edilmistir. Formul-12’deki denklem kullanilarak elde edilmistir. Proseste bu

arazi kayit1 kullanildi.

Sekil.9: Recordy, p ham arazi kayiti ve genlik-frekans spektrumu.

Sekil.9’da, Record,p ham arazi kayiti ve spektrumu gortlmektedir. Bu kayit Sweep, ve Sweepg
‘ni toplanmasiyla elde edilmistir. Formtl-13’deki denklem kullanilarak elde edilmistir. Proseste bu arazi

kayit1 kullanildt.
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Sekil.10: Record ham arazi kayit ve genlik-frekans spektrumu.

Sekil.10’da Tablo.3’te parametresi verilen sweep’ten elde edilen Record; ham arazi kayiti ve
spektrumu goralmektedir. Bu kayit Sweep. ile Temel sweep-H,’in Formiil-11’deki denkleme gore
korelasyonu ile elde edilmistir.
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Veri iglem galigmasi:

Tablo.4: Temel veri islem is akist.

Basic processing of field data

Stack,: Stackp: Stack: Stack,,p: | Stack,_g:
Input data: Record, Recordg Record, Recordy g Recordy g
Number of Shots 28 28 28 28 28
Data type Uncorrelated Uncorrelated Uncorrelated Uncorrelated Uncorrelated

data data data data data

Pilot sweep for H,of Sweep, H; of Sweepy H, of Sweep, H, of Sweep. H; of Sweep,
cross-corelation

H1:12-64 Hz H1:12-64 Hz H2:24-128Hz | H2:24-128Hz H1:12-64 Hz
Geomety yes yes yes yes yes
Deconvalution yes yes yes yes yes
Elevation statics yes yes yes yes yes
Velocity analysis-1 yes yes yes yes yes
Residual static-1 yes yes yes yes yes
Bandpass filter yes yes yes yes yes
Normal Move Out yes yes yes yes yes
(NMO)
Common Mid Point yes yes yes yes yes
(CMP) Stack

IS ol oo M i’ Stacicy
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Sekil.11: Record j’dan elde edilen Stacky,

proses kesiti ve spetrumu.
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Sekil.12: Recordpg’dan elde edilen Stackp proses kesiti ve spetrumu.

Record, ve Recordp veriler ayri ayr1 proses edildi ve Stack, and Stackp kesitleri elde edildi. Bu
kesitler ve spektrumlart incelendiginde neredeyse aymnudir.
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Sekil.13: Record,_g’den elde edilen Stack,_p proses kesitl ve spetrumu.

Sekil.13’te Record,_g’den elde edilen Stack,_p proses kesiti ve spetrtumu gortlmektedir. Proses
Tablo.4’te verilen proses akisina gore yapilmustir. Sekil.11, 12 ile 13 kiyaslandiginda kesitte fark azdir.

Fakat spektrumlari incelendiginde farklar daha belirgindir. Bu farkin sebebi ise Sekil.13’de Ho,, Hy, Hg,
gibi ¢ift sayili harmonikler elimine edilmis olmasidir.
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Sekil.14: Recordyg’den elde edilen Stack,,p proses kesitl ve spetrumu.
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Sekil.14’de Recordy,p’den elde edilen Stack,,p proses kesiti ve spetrumu goriulmektedir. Proses
Tablo.4’te verilen proses akisina gére yapilmustir. Sekil.13 ile Sekil. 14 kiyaslandiginda aradaki fark hem
sismik kesitte hemde spektrumlarda ¢ok fazladir. Bu farkin sebebi Temel sweep ve tek sayilt
harmoniklerin elimine edilmesidir. Temel sweep’in elimine edilmesi ile veri yiiksek frekanslara
kaymistir. Boylece ytliksek frekansli kesit elde edilmistir. Bu yeni islem ile ayrimlilik artmis ve ince
tabakalart kesitlerde daha goriintir hale gelmistir.

Bu yeni teknik ile aynt veriden iki ayr1 kesit elde etmek mimkin olmustur. Bu kesitlerden bir tanesi
konvensiyonel kesit (Stack,_p) ayni zamanda bazi harmonikleri elimine edilmis olup digeri ise yiiksek
frekansl kesit (Stackyyg) dir. Bunda da bazi harmonikleri elimine edilmistir.

Yiksek frekansli sweep sinyali sahada vibrator tarafindan tretilmese bile, bu yeni vibrosismik veri
toplama teknigi ile yiiksek frekanslar uretiliyormus gibi bir sismik kesit elde etmek mumkundiir.
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Sekil.15: Record’den elde edilen Stack, proses kesiti ve spetrumu.

Sekil.15’de Record’den elde edilen Stack. proses kesiti ve spetrumu goértlmektedir. Stackc,
Stackyp kiyaslamak amaciyla tretilmistir. Stacke, Stack,,p parametreleri ile sahada Gretilmistir.
Sekil.14 ve Sekil.15 karsilastirildiginda birbirinin ayni olduklari actk¢a gorilmektedir. Bu sonug bize
gosteriyor ki sahada Stack tretilmese bile aynt kesiti bu teknik ile tretmek mimkiin olmustur.

Sonuglar

Vibrator tarafindan turetilen harmonikler, geleneksel olarak, sismik veri toplama ve veri isleme
asamalart sirasinda kayitlardan ve kesitlerden elimine edilmek istenen guirtltii olarak gorilmistiir. Bu
arastirma ¢alismasinda, temel sweep olmaksizin daha yiiksek harmonik frekanslarin sig, ince reflektor
katmanlarini  goérintiilemek icin  kullanilabilecegi g&sterilmistir. Ayrica, vibrosismik verilerdeki
harmonikleri kullanmak i¢in yeni bir yaklasim sunulmustur. Bu teknik bize iki farkls kesit elde etmemizi
saglamistir. Boylece hem geleneksel parametrelere gore elde edilen kesitler, hemde ytksek ayrimlilikls
kesitler sunmustur.

Tesekkiir

Bu deneysel ¢alismada kullandigimiz saha verilerini kullanma izni icin ARAR Petrol ve Gaz AUP AS'ye
(Turkiye) tesekkiir ederim.

253



Giireli, Orhan; Vibrat6riin I"Jrettigi Harmonik, Sweep Sinyali Olarak Kullanilir ma ?

Referanslar
Abd El-Aal, A. E. K. (2010). Eliminating upper harmonic noise in vibroseis data via numerical
simulation. Gegphys. J. Int. (2010) 181, 1499-1509. doi: 10.1111/j.1365-246X.2010.04594.x

Abd El-Aal, A. E. K. (2011). Harmonic by harmonic removal technique for improving vibroseis data
quality. Geophysical Prospecting (59): 279-294.

Andersen, K. D. (1995). Method for cascading sweeps for a seismic vibrator. U.S. patent, 4 410 517.

Bagaini, C. (2006). Overview of simultaneous Vibroseis acquisition methods. SEG Annual Meeting.
New Orleans, SEG: 70-74.

Bagaini, C. (2010). Acquisition and processing of simultaneous vibroseis data. Geaphysical Prospecting
58: 81-99.

Benabentos, M., Ortigosa, F., Moldoveanu, N., ve Munoz, P. (2006). Cascaded sweeps - A method
to improve vibroseis acquisition efficiency: A field test. The Leading Edge June 693-697.

Dal Moro, G., Scholtz, P. ve Iranpour, K. (2007). Harmonic noise attenuation for Vibroseis data.
GNGTS — 26°. C. Nazionale.

Eisner, E. (1974). Method for determining optimum seismic pulse. US Patent. 3,815,704.

Espey, H. R., (1988). Attenuation of vibrator harmonic ghosts. ASEG/SEG Conference-
ADEILAIDE.

Gang, M. Y., ve Yuan, Z. (2014). Harmonic noise removal on vibroseis slip-sweep data based on
Model method. CPS/SEG Bejjing 2014 International Geophysical Conference.

Harrison, C. B., Margrave, G. F., Lamoureux, M. P., Siewert, A., ve Barrett, A. (2011). Harmonic
decomposition of vibroseis sweeps using Gabor analysis. CREWES Research Report 2011.

Harrison, C. B., Margrave, G., Lamoureux, M., Siewert, A., Barrett, A., ve Isaac, L. H. (2012).
Towards using harmonic “contamination” as signal for thin reflectors. CREWES' Research Report -
Volume 24

Jianjun, X, Jie, Y., Yong, G., ve Xiling, C. (2012). Suppressing harmonics based on singular value
decomposition in time frequency domain. SEG Technical Program Expanded Abstracts, 1052-3812, DOI
http://dx.doi.org/10.1190/segam2012-0119.1

Juan, L., Yong, L., Long, P., Jiexin, S., Jinlan, ve W. (2014). Discussion on a method for harmonic
noise elimination on vibroseis Slip-sweep data. CPS/SEG Begjing 2014 International Geophysical
Conference.

Larsen, G., Hewitt, P., ve Siewert, A. (2007). Correlating versus inverting vibroseis records:
recovering what you put into the ground. CSPG CSEG Convention.

Lebedev, A. V., ve Beresnev, 1. A. (2004). Nonlinear distortions of signals radiated by vibroseis
sources. Geaphysics 69(4): 968-977.

254



Giireli, Orhan; Vibrat6riin I"Jrettigi Harmonik, Sweep Sinyali Olarak Kullanilir ma ?

Li, X. P., Sollner, W., ve Hubral, P. (1995). Elimination of harmonic distortion in vibroseis data.
Geagphysies 60(2): 503-516.

Li, X. P. (1997). Decomposition of vibroseis data by the multiple filter technique. Gegphysics 62(3):
980-991.

Martin, J. E., ve White, R. E. (1989). Two methods for continuous monitoring of harmonic
distortion in vibroseis signals. Gegphysical Prospecting 37: 851-872

Martin, J. E. (1993). Simultaneous vibroseis recording. Geophysical Prospecting 41: 943-967.

Meunier, J., ve Bianchi, T. (2003). Method of reducing harmonic noise in vibroseis operations. U.S.
patent, 6 603 707.

Moerig, R., Barr, F. ]., Nyland, D. L., ve Sitton, G. (2004). Method of using cascaded sweeps for
source coding and harmonic cancellation. U. Patzent. US. 6,687,619.

Polom, U. (1997). Elimination of source-generated noise from correlated vibroseis data (the 'ghost-
sweep' problem). Gegphysical Prospecting 45: 571-591.

Rietsch, E. (1981). Reduction of harmonic distortion in vibratory source records. Geophysical
Prospecting 29: 178-188.

Rozemond, H. J. (1996). Slip-sweep acquisition. SEG meeting. Denver, Colorado, USA, SEG. Extended
Abstracts: 64-67.

Sercel User Manual. (1999). VE432 Training Course Manuel. Chapter: 8, 6-1,6-10.

Seriff, A.]. ve Kim, W. H. (1970). The effect of harmonic distortion in the use of vibratory surface
sources. Geophysics 35(2), 234-246.

Schrodt, J. K. (1987). Techniques for improving Vibroseis data. Gegphysics 52: 469-482.

Scholtz, P. (2002). Amplitude analysis of harmonics on vibrator generated direct waves. iz EAGE
64th Conference & Exhibition, Florence, Italy, Z-99.

Scholtz P. (2003). Constructing an output signal estimate of a vibratory source. EAGE 65t
Conference & Exhibition, Stavanger. Norway, 2 5 June 2003.

Scholtz P. (2004). Validating the basic assumptions in a vibratory source signal estimation method,
EAGE 66th Conference & Exhibition. Paris, France, 7-10 June 2004.

Sharma, S. P., Tildy, P., Iranpour, K., ve Scholtz, P. (2009). Attenuation of harmonic noise in
vibroseis data using Simulated Annealing. Geophysical Research Abstracts, Vol. 11, EGU2009-8693.

Silverman, D. (1979). Method of three dimensional seismic prospecting. U.S. Patent. 4,159,463.
Sorkin, S. A. (1972). Sweep signal seismic exploration U.S. Patent. 3,786,409.

Okaya, A. D., Karageorgi, E., McEvilly, T. V., ve Malin, P. E. (1992). Removing vibrator induced
correlation artifacts by filtering in frequency-uncorrelated time space. Gegphysics 57: 916-926.

255



Giireli, Orhan; Vibrat6riin I"Jrettigi Harmonik, Sweep Sinyali Olarak Kullanilir ma ?

Yongsheng, S., Changhui, W., Mugang, Z., Xuefeng, Z., Zhenchun, L., Fenglei, L., ve Lieqian, D.
(2011). A method for harmonic noise elimination in slip sweep data. SEG Technical Program Expanded
Abstracts, 30. 10.1190/1.3627600.

Wei, Z., ve Hall, M. A. (2011). Analyses of vibrator and geophone behavior on hard and soft
ground. The L eading Edge Feb: 132-137.

Walker, D. (1995). Harmonic resonance structure and chaotic dynamics in the earth-vibrator system.
Geophysical Prospecting 43: 487-507.

Wei, Z., Sallas, J. J., Crowell, J. M., ve Teske, J. E. (2007). Harmonic distortion reduction on
vibrators — suppressing the supply pressure ripples. SEG conference, Expanded Abstract 26(1), 51-55.

Wei, Z., Phillips, T. F., ve Hall, M. A. (2010). Fundamental discussions on seismic vibrators.
Geophysics, 75, No. 6, W13-W25. http://dx.doi.org/10.1190/1.3509162.

Wauxiang, C. (2010). To attenuate harmonic distortion by the force signal of vibrator. SEG Denver
Annnal Meeting.

256


http://dx.doi.org/10.1190/1.3509162

Moskalenko Valentin, Giiniimiiz Kosullarinda Turkiye Cumbhuriyeti, Rusya Federasyonu ve Orta Asya
Devletlerinin Orta Asya Bolgesindeki Sosyo-politik Geligimi Cercevesinde Hedef Alma Entegrasyon Eylemleri

Giiniimiiz Kosullarinda Tiirkiye Cumhuriyeti, Rusya Federasyonu ve Orta
Asya Devletlerinin Orta Asya Bolgesindeki Sosyo-politik Geligimi
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Moskalenko Valentin A.

1.GIRIS

Calismanin ilgi diizeyi, Turkiye Cumhuriyeti, Orta Asya Devletleri ve Rusya Federasyonu’nun
Orta Asya bolgesinin sosyo-politik gelisimi agisindan hedef alma entegrasyon eylemlerin ger¢evesinde
Orta Asya devletlerin 30 yil 6nce bagimsizliklarini kazanmalari ve dis politikada farklr etkileri yaratan
ara¢ ve yontemleri kullanarak bagimsiz dis politikalarint yirtatmeleri ile agtklanmaktadir. Bununla
birlikte Orta Asya devletlerin Tiurkiye ve Rusya ile siirekli etkilesim icinde olmamalarina ragmen
gecmise dayali etkilesim tecriibeleri vardir. Bu tecriibeyi kullanarak Orta Asya tlkeleri ve genel olarak
Orta Asya bolgesinin gelisimi i¢in hedef alma entegrasyonu teorik yontemler ve pratikte kullanilacak

oneriler ile, tim bolgesel aktorlerin ¢ikarlarini géz 6ntinde bulundurarak, sunulmaktadir.

Hedef alma entegrasyonu dinya c¢apinda kullanilan en yaygin ve ayni zamanda modern

entegrasyon turidur.

Tirkiye Cumbhuriyeti, Orta Asya Devletleri ve Rusya Federasyonu’nun hedef alma
entegrasyonu bagimsizlik deneyimi, sosyoekonomik ve sosyo-politik gelisme diizeyinin az olan tlkeler
i¢in devlet insa siirecinde yardimct oldugunu gostermektedir. Hedef alma entegrasyonu, devlet insa
surecinde dogal kaynaklarin tiiketilmesi ve daha da gelismis devletlere hizmet verilmesi degil
uluslararasi hukuk, devlet egemenligine saygy, esitlik ve bagka devletin i¢ islerinde karismama ilkelerine

gore dizenlenmektedir.

Arastirmanin esas amact, ginimuz kosullarinda Tirkiye Cumhuriyeti, Orta Asya tlkeleri ve
Rusya Federasyonu’nun Orta Asya bolgesinin sosyo-politik gelisimi igerisinde hedef alma entegrasyon

eylemlerin rolinin incelenmesidir.

Arastirmanin bir baska amacit da Turkiye Cumbhuriyeti, Orta Asya devletleri ve Rusya

Federasyonu’nun Orta Asya bolgesinin sosyo-politik gelisimi tizerine hedef alma entegrasyonun firsat

I Moskova Devlet Uluslararasi Iligkiler Enstitiist, arastirmaci, siyaset boliimi, valenchinmoskalkov@yandex.ru
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ve nedenlerini analize etmek ile Turkiye, Rusya ve Orta Aysa ilkelerinin hedef alma entegrasyonun

olumlu yonlerini de ortaya ¢ikarmaktir.

Calismanin ilgi alan1 Turkiye Cumhuriyeti, Orta Asya devletleri ve Rusya Federasyonu’nun

Orta Asya bolgesinin sosyo-politik gelisimi acisindan hedef alma entegrasyon siirecidir.

Arastirma yontemlerin arasinda Turkiye, Rusya ve Orta Asya devletlerin etkilesim cesitlerini
inceleyerek yapisal ve islevsel, kurumsal, sistematik, uygarlik ve kiltiirel farkliliklar ile tilkelerin nifus

arastirtlmasi tzerinde karsilastirmali analiz yontemi (2010-2020 seneleri) yer almaktadur.

2. ARASTIRMA METODOLOJiSi

Arastirma metodolojisinde gunumiiz Turkiye, Rusya ve Orta Asya devletlerinin Orta Asya
bolgesindeki sosyo-politik gelisimi agisindan etkilesim siirecinde karsilastirmali siyaset yontemi
kullanilmaktdair. Bununla birlikte entegrasyon prensibi ve siyaset biliminde hedef alma stratejisi

arastirmada uygulanmaktadur.

Gunimiiz Turkiye, Rusya ve Orta Asya tlkelerin Orta Asya bolgesindeki sosyo-politik gelisimi
tzerine etkilesim konusunda karsilastirmali siyaset analizi, 1991 yilindan 2020 yilina kadar devam eden
bircok etkilesim tiitler ve yontemleri etkilesim verimliligini géstermektedir.

Siyaset biliminde entegrasyon prensibi ya da siyasal entegrasyon, (Latinceden “Integratio”
“butiinlesme”,’geri kazanma”) karsihkli isbirligini iceren iki veya fazla siyasal yapilanmalarin
yakinlasmasini ifade etmektedir. Basit bir tabirle devletler arasi siyasal yapilanmalarin bir bitiin
niteliginde olan olusumdur (S.R. Abgaryan[l]). Siyasal yapilanmalarin birlesmesi entegrasyon

sonuglarindan bir tanesidir. Bununla beraber sorunlarin ortak ¢6zimi i¢in hem resmi hem de gayri

resmi kurumlarin entegre olmast gerekmektedir.

Ulke igerisinde entegre edilmis devletlerin, baska devletler ile yakinlagsmast ve aralarinda ortak

ctkar ile degerlerin olusmasi daha da kolay saglanmaktadir. (V.G. Baranovskiy [3]).

Siyasal entegrasyon, uluslararast politika ve (A.A. Baikov, A.D. Bogaturov [2], M.M. Lebedev
[11], PA. Tsyganov [20]) dinya ¢apinda bolgesellesme aracidir. (M.L. Lagutin [9]). Siyaset biliminde
entegrasyon kavrami, devlet ici ve devletler arasi olarak ikiye ayrilmaktadir. (N.V. Sokolova [18]).
Geleneksel olarak uluslararast 6rgiitlenmeler entegrasyonun bir seklidir. Uye devletler tarafindan ortak

ctkar ve amaglar ile birlikte s6zlesme ve antlasma yapabilecek kapasitede olusturulan uluslararast
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Orgutlenmelerin arasinda siyasi, askeri politikayt iceren, siyasi ekonomi, kiltiirel birlikler, kutuplar,
birlesmeler yer almaktadir. Uluslararast faaliyetlerde ekonomi, uluslararast hukuk, dunya boélgeleri
tizerinde toplumsal politika ve uluslararast iliskiler gibi alanlarda birden fazla hedeflere ulasabieln iki

tarafli, cok tarafli devlet dist aktorler ve uluslararast 6rgiitler daha da baskindir.(S.1. Bostan [4]).

Entegrasyon birlesme, butiinlesme ve sadece birlik temellerini olusturmaktan ziyade farklt
konulardaki ortak cikarlart da ele almaktadir. Ayrica entegrasyon hedef ve amagclar disinda olan
meselelerde de uzlasmayr 6nermektedir. Dolaystyla arastirmanin temelinde hedef alma entegrasyonu

2 <

onerilmektedir. Bununla beraber hedef alma entegrasyonu (Inglizcesi “target integration”, “target”
kelimesi “atis hedefi”, “hedef”, “maksat”, “niyet”, “ama¢”, “gaye” anlamina gelmektedir [17]) ortak
sorunu ele alma, odaklanma ve ¢6ztiim getirme tzerinde yogunlagsma yontemidir. Mevcut arastirmanin
hedefi gtintimtz kosullarinda Turkiye Cumbhuriyeti ile Orta Asya tlkeleri ve Rusya Federasyonu’nun
Orta Asya bolgesinin sosyo-politik gelisimi icerisinde karsilikli etkilesimidir. Son olarak entegrasyon,
Ttrkiye, Rusya ve Orta Asya devletlerinin karsilikli etkilesim ¢abalart sadece sosyo-politik gelisimi
acisindan degil Orta Asya bolgesindeki etkilesimin farkli gelisim ¢izgilerini (6rn., ekonomik, finansal

ve yatirim) takip ederek saglanmaktadir. Hedef alma entegrasyonun ozellikle bu konuda 6nem ve

katkilari gorilmektedir.

Aristoteles, J. J. Rousseau, E. Durkheim, T. Parsons, siyaseti birey ile toplumsal gruplar
tarafindan bilingli ve amaglt faaliyetlerin toplumsal ihtiyaglarin karsilanmasi tzere yetkili makam ve
mercileri kullanarak yuritilmesi seklinde yorumlamaktadir. Siyaset, asagidaki olgularin aract oldugu

varsayllmaktadir:

* Toplumun maddi kaynaklarin paylasiminda ¢ikan savas ve tahriplere karst insanlarin

korunmasidir;
* Toplumlarin cesitli kaynaklarint yeniden dagitilmasidir;

* Devlet, halk ve uluslar arasinda c¢itkan tartisma ve catismalarin barts yoluyla ¢6ztime

kavusturmasidir;

Diss politika devlet ve devlet liderlerin sosyo-politik etkilesimin aracidir. Dis politika araciligiyla

kamu ve uluslararast iliskiler bilingli bir sekilde dizenlenmektedir.

Arastirmada ginimiiz kogullarinda Tirkiye Cumhuriyeti, Orta Asya tlkeleri ve Rusya

Federasyonu’nun Orta Asya bolgesinin sosyo-politik gelisimi tizerine hedef alma entegrasyonun
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etkilesim eylemleri bélgenin gelisimini hedefleyen bir plan cercevesinde hareket etmeleri kabul

edilmektedir.

Guntimiiz kosullarinda Ttrkiye, Orta Asya devletleri ve Rusya arasindaki Orta Asya bolgesinin

sosyo-politik gelisimi agisindan etkilesim sekilleri su sekilde 6ngorilmektedir:
*  isbirlik ve sosyal ortaklik cergevesinde tek kutuplu amaglar ve tye devletlerin etkilesim gayesidir;

* rekabet icerisinde c¢ikarlarin kesismesi ve cakismast durumunda tlke amaclart 6nctileri ve
devletler arasi gayesi, ilk etkilesim etaplarda 6ne striilmeyen tye devlet stratejik hedeflerin

uygulanmasidir;

* devletler arasi sosyo-politik c¢atisma, ¢ikarlarin cakismasi, bakis acilari, duruslar, birligin
¢Okmesi veya kurucu amaglar ve gayelerin degistirilmesine gidilmesi, ayrica farkl savaslarin
(hibrit, ekonomik, enformasyon, “soguk”, dini vs.,) ortaya c¢ikmast durumunda etkilesim

(vizlesme) niteliginde olmastdir.

Esas itibariyle modern kosullarda Orta Asya bolgesinin sosyo-politik gelisimini, dayanisma ve
sosyal ortaklik tesvik etmektedir. Ayrica rekabet ile anlasmazliklar, fikir ayriliklar ve uyusmazliklarin

¢Ozumlenmesini ortaklasa hareket ederek daha da hizlandirabilir.

Gunimiz kosullarinda Tirkiye, Orta Asya tlkeleri ve Rusya arasindaki Orta Asya bolgesinin
sosyo-politik gelisimi cercevesinde etkilesim temelleri BM Antlagsmasinda yer alan uluslararasi isbirligin
prensipleri cercevesinde kurulmustur. BM Antlasmasina goére uluslararasi isbirligi “uluslararast
iliskilerde var olan aktorlerin ilgili alanlarda kendi iddialarint agiklayarak beraberlik icerisinde hareket
etme, eylemlerin koordinasyonun saglama, genel sorunlarin giderme ve ortak cikarlarin barisca
korunmast” anlamina gelmektedir [7]. Devletler “ekonomik, sosyal, kilttir ve insancil nedenlerden
dolayt ortaya ¢ikan uluslararast uyusmazliklart bariscil yollarla ¢6ziimlenmesini” taahhiit etmislerdir.
Ayrica “uluslararasi baris ve giivenligin korunmast amaciyla etkili kolektif 6nlemlerin alinmasint” da

temin etmislerdir.
Uluslararast isbirligi temellerin milli egemenlik ilkesi ile birlikte uygulamasi gerekmektedir.

Geleneksel olarak tilkeler arast veya bolgesel aktorler arasindaki siyasi etkilesim, devlet ve sivil
toplum kuruluslarin (V.V. Murhib [6], TM Murzabekov [16], M.A. Feldman [19]) veya ayr
yapilandirmalar ile devlet kurumlarin isbirligi (I.V. Butova [5]) kiiresel sorunlarin ¢ziimlenmesine

iliskin gayelerin birlesmesi 6rneginde degerlendirilmektedir. Ornegin, dogal kaynaklarin korunmast,
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iklim degisikligine dair 6nlemlerin alinmasi, salgin hastaliklara karst miicadele edilmesi, aglik ve

susuzlugun giderilmesi ve dogal afetlerin sonucunda gereken yardimlarin yapilmasidir.

Ulke ve devletler arasinda etkilesim iki temel tizerinde degerlendirilmektedir:

* Ay olarak devlet ile sivil toplum, ticari faaliyetler, pazar, 6zel sektér ve insan arasindaki
etkilesimdir (L. A. Dobrynin, E. I. Markovskaya, A. A. Medved, N. G. Privalov, N. S. Ragimova,
1. V. Troitskaya [6]);

e Terorle miicadele, hukuk (insan haklar ihlalleri, cinayet, kagakeilik ve uyusturucu maddeler ile
miicadele), cevre, giimriik, saglik, egitim ve bagka belirli konular tzerinde devletler arasi

etkilesimdir.

Hedef alma entegrasyonu, devletler arasi etkilesimin ¢ok tarafli olmakla birlikte merkeze
hareket eden bir veya birka¢ yon gostermektedir. Bunlarin arasinda is giicii, maddi ve gesitli kaynaklar
ile birlikte sanayi, enerji, egitim, saglik ve baska alanlara da yapilan yatirimlar yer almaktadir. Bununla
birlikte tim alanlara yonelik calismalarin devam ettigi goriilmektedir. Ayrica, dogal affet ile acil

durumlar sirasinda yardimlar yapilmaktadir.

Insan haklar1, hayat, saglik,aile ile cocuk haklarinin korunmasina iliskin uluslararasi ¢alismalar,
aclik ile hastaliklarla karst miicadele isbitligi, insanlara temel egitimin saglanmast, ¢ocuk ile genclere
diinya standartlarina gore egitim ve terbiyenin verilmesi, insanlarin refahinin saglanmasi, miiltecilerin
kendi yurtlarina geri doniilmesi, bolgesel sivil koruma yapilarinin iyilestirilmesi, ortak egitim ve
tatbikatlarin yapilmasi, acil durumlarda arama ve kurtarma birimlerinin eylemlerini koordine etmek

icin bir mekanizmanin gelistirmesi gibi sosyo-politik konular devletler arasi etkilesimde yer almaktadir.

Turkiye, Rusya ve Orta Asya tlkelerinin Orta Asya bolgesinin sosyo-politik gelisimi tizerine
modern kosullarda etkilesimi su alanlart igerir: kultiir, egitim, din, insani-yasal, askeri-insani, bilim, kitle

iletisim, acil durumlarda insani yardim.

3. Tiirkiye Cumhuriyeti, Rusya Federasyonu Ve Orta Asya Ulkeleri Arasinda Orta Asya
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Bolgesinin Modern Kogullarda Sosyo-Politik Geligimi Uzerine Etkilesim Calismasinin

Sonuglar Ve Degerlendirmesi

Tirkiye, Rusya ve Orta Asya ulkelerinin entegrasyon nedenlerini incelerken, asagidaki ana

nedenler ortaya ¢ikmaktadir:

* XX yuzyilin doksanlt yillarindan XXI. yiizyilin baslarina kadar Turkiye ile Orta Asya tlkeleri
arasindaki insani yardim, isbirlik stratejisi ve dusik seviyedeki etkilesim ile bolgenin

arastirilmasidir;

* Thurkiye ile Orta Asya tlkeleri arasindaki insani yardimlarin sistematik bir sekilde yapilmamast

ve insani yardim amaglarin dinamigidir;

* Turk is dinyasinin Orta Asya tlkelerine ekonomi yatirim yapmak isteyen az sayida temsilcisi
olmakla birlikte, Turkiye’nin sinirli kaynak ve araglarla mimkin oldugunca farklt alanlarda

isbirligi yapma arzusudur;

* Kendi devlet ¢ikarlarinin 6nceligi, kalict ve degismeyen cifte ittifaklara yonelmesi (Turkiye -
Kazakistan, Turkiye - Kirgizistan, Turkiye - Tacikistan, Turkiye - Ttrkmenistan, Turkiye —
Ozbekistan) ile bitlikte baska 6rgiitlenmelerin ve bloklarin var olmamast ("sadece bizimle dost
olmak") Tiurkiye ve mittefikler ile olan (V.A. Moskalenko [12]) amaclar ve niyetlerin
degismesidir.

Tirkiye, Rusya ve Orta Asya tlkelerinin ikinci etkilesim nedeni de, Orta Asya ilkelerin
uluslararasi toplum tarafindan taninmasi, diinya pazarlarina entegre edilmesi ve bagimsiz bir stattye

sahip olan devletlerin uluslararast deneyimin kazanmasidir.

Nedenlerden bir baska birisi de Tiurkiye tarafindan Orta Asya ilkelerine kendi siyasetini
dayatmasidir. Orta Asya devletlerin toplumsal faaliyetlerine Tiirk kurumlarin tarafindan Tiirk-Islam
bakis agist empoze edilmektedir. Diizensiz ve sistemsiz bir sekilde Ttrkiye’nin Orta Asya tlkeleri ile
isbirligin yapilmasi ve kendi ¢ikarlarini bolge devletlerin ¢ikarlarinda Gsttin tutma ¢abalart entegrasyon

nedenlerin igerisinde yer almaktadir.

Doérdincii neden de Tirkiye ile Orta Asya tlkeleri arasindaki iliskiler olumsuzdan daha ¢ok
olumlu ve iki taraf icin yararh niteligindedir. Ciinki bolgesel isbirligi cercevesinde sosyo-politik,

etnokiiltiirel, Tslam egitimi, ticari ve ekonomik entegrasyonunda Tiirkiye’nin var olan kaynaklari biiyiik
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b

bir potansiyel olarak gorilmektedir. Perspektifte Cumhurbaskan: R.T. Erdogan’in “Bir millet alt1 devlet
slogant hayata gecirebilir fakat tlkeler egemenligini tehdit edilmeyecek sekilde ve bolgesel devletlerle
sinirlt kalmayip Rusya Federasyonu, Cin Halk Cumbhuriyeti, Afganistan ve bagka komsu tilkelerin
cikarlart da ele alinmalidir (V.A. Moskalenko [13]).

Turkiye, Rusya ve Orta Asya tlkeleri arasindaki etkilesim deneyimleri olduk¢a 6nemlidir.
Cunkua Turk elitleri arasinda Pan-Turkizm ve neo-Osmanlicilik fikirlerinin baskin olmast Orta Asya
tlkelerinin her yerinde hos karsilanmamaktadir. Bu da etkilesimi engellemektedir. Rusya Federasyonu,
bu etkilesimdeki en proaktif aktorlerinden biri olmakla birlikte bélgede temkinli hareket eden aktorler

icin daha fazla firsat saglayan "uciinci" bir taraf olarak hareket etmektedir (M.M. Lebedeva [10]).

Bu nedenle, giiniimiiz Orta Asya bolgesinin sosyo-politik gelisimi tizerine Tiirkiye Cumhuriyeti,
Rusya Federasyonu ve Orta Asya ilkeleri arasindaki etkilesim temellerinden biri, Rusya
Federasyonu’nun arabuluculuk tecriibesi ve uzun siire icerisinde bagimsiz ve egemen olmayan devletler
ile miizakerelerin basarili bir sekilde yiriitilmesidir. Ozellikle 21. yiizyilin uluslararast sorunlarin
arasinda yer alan Suriye Arap Cumbhuriyeti ve Daglik Karabag krizlerinde Rusya Federasyonu , kendisi

deneyimli arabulucu ile miizakereci olarak gostermistir.

Rusya Federasyonu’nun bu etkilesim icerisinde yer almasinin ikinci 6nemli nedeni de Sovyet
Sosyalist Cumbhuriyetler Bilirliginin ardil devleti olarak kabul edilmesidir. SSCB, gelisim agisindan
farkhilik gsteren bolgelerin sosyo-politik, ekonomik ve toplumsal butiinlesmesini saglayan yetmis yillik

bir entegrasyon tecriibesine sahiptir.

Rusya Federasyonu’nun Tirkiye ve Orta Asya tlkelerinin etkilesiminde yer almasinin t¢iincti
nedeni ,SSCB tarafindan benzer eylemlerin gerceklestirilmesi ve SSCB’nin bilimsel, teknik ve

teknolojik gelisimi ile ilgili bilgilerin glintimiiz Rusya’da birikmis olmasidir.

Rusya Federasyonu'nun Tirkiye ve Orta Asya tlkelerinin etkilesiminde yer almasinin dérdtincii
nedeni Rusya Federasyonu'nun kaynaklaridir: tikenebilir (yenilenemez toprak altt kaynaklari, nispeten
yenilenebilir topraklar, ormanlar, bitki 6rtiist, fauna, bazit mineral hammaddeleri) ve tiikenmez (glines
radyasyonu, deniz gelgiti vb.; iklimsel olarak atmosferik hava, su). Bazi kaynaklar a¢isindan, Tirkiye ve
Orta Asya tlkelerinin Rusya Federasyonu’ndan daha 6nde oldugu, ancak genel olarak kaynaklarin
teknolojik kullanimt Rusya'nin 6nemli 6lciide daha fazla deneyim ve kapasiteye sahip oldugu tespit

edilmektedir.
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Rusya Federasyonu, Turkiye ve Orta Asya tlkeleri ile etkilesimin 6nemli bir nedeni daha,
bolgedeki Orta Asya iilkelerinin komsgulart Cin, Afganistan, Iran, Pakistan ile Rusya Federasyonu'nun
arasinda ve genel olarak uluslararast arenada tarihsel isbirligin var olmasidir. Bu, ayni zamanda Orta
Asya tlkelerinin nifuzlarini, Orta Asya bolgesini de kapsayacak sekilde genisletmeye calisan daha
gelismis Avrupa ve Amerika Birlesik Devletleri tarafindan nitelendirilen "hammadde ilkeleri"

anlayisina karst ¢ctkmalarina izin vermektedir.

Tirkiye Cumhuriyetinin bu entegrasyona katilmasi hem kendisi hem de Orta Asya tilkeleri igin

bircok olumlu yonler bulunmaktadir (V.A. Moskalenko [14, 15]).

[l basta, Orta Asya iilkeleri ile Tiirkiye tarihsel etnokiiltiirel birligi ve Tiirk kimligi (Tacikistan
harig), ortak tarih, kiltir ve dine ait olan devletlerdir. Turkiye Cumhuriyeti Orta Asya tlkelerin
bagimsizligint ilk tantyan devlettir. Gelecege dair isbirligi ve iliskilerin gelismesini ortak kéken ve kiiltiir
tzerine (Tacikistan haric) insa etmeye ¢alismistir . Turkiye ile Orta Asya tlkelerinin isbirligi ve dostca
iliskilerinde Pantiirkizm ile Neo-Osmancilik, Osmanlt devletinin yeninden insast, gibi ideolojiler 6n

plana ¢tkmaktadir.

Ikinci olarak, Tiirkiye ile Orta Asya iilkeleri iliskilerin sayesinde Tirkiye’nin Orta Dogu
bélgesinde ve dinyada ayrica bolgesel ve uluslararast arenadaki otoritesi yiikselmektedir. Turkiye,
1980’1 yillarda diinya ve komsu devletler tarafindan bir bolgesel gig olarak kabul edilmediginden dolay1

dénemin yonetici elit kesiminin gayelerini karsilamamaktadir.

Ugilinciisi, 21. yiizyilin yirmili yilina gelindiginde Tirkiye dogrudan arabuluculuk ve miizakere
sureglerine katihm deneyimine sahiptir. Ustana siirecine ve Karabag sorununun ¢6zimiine, Giney
Kafkasya ile ilgili gelecekteki miizakerelere (alti partili) Azerbaycan, Iran, Tiirkiye ve Ermenistan,

Giircistan, Rusya arasindaki yapilan gérismeler katilmaktadir.

Dérdunciist, bir NATO tyesi olan Tirkiye bazt konularda bagimsiz bir politika izlemekte ve

bazen blok dayanismasina ters dismektedir.

Besincisi, Turkiye'nin cografi konumu, Orta Asya itlkelerin etkilesimine katilmasina ve Orta
Asya tlkeleri ile Orta Dogu, Guney Avrupa ve Afrika tlkeleri arasinda bir arabulucu olarak gérev

gbrmesine izin vermektedir.

Tiirkiye, Rusya Federasyonu (eski adiyla SSCB, Rusya Imparatorlugu) ile bes yiiz yildan fazla
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iliski ve etkilesim ge¢misine sahiptir. Kafkasya, Orta Dogu, Balkanlar'daki topraklar icin savaslar,
Avrupa ve Orta Dogu tilkelerinde siyasi niifuz rekabeti, II. Diinya Savastiginda tarafsizligin ihlali ve
Ucglincii Rehinci ile isbirligi gibi tarihsel ézgecmise sahiptir. Fakat iki tilke arasinda ticari ve kiiltiirel

iliskilerin gelistigi donemler de bulunmaktadir:

Osmanli Imparatorlugu, Orta Dogu ve Balkan iilkeleri arasinda Rusya'nin dis ticaretinde birinci

strada yer almasidir (20. ylzyilin baslarinda);

* Turkiye Buyik Millet Meclisinin ilk dis politika yasasi, Rusya Sovyet Federatif Sosyalist
Cumbhuriyeti ile iliskiler kurma Gnerisiydi. 16 Mart 1921'de RAFSIZ ile Turkiye arasinda
Dostluk ve Kardeslik Antlasmasinin imzalanmasindan sonra, silah temini ve 10 milyon ruble

altin tutarinda karsiliksiz yardim saglanmasidir;

* Tirkiye Cumhuriyetinin kurucusu Mustafa Kemal Atattrk'de karsiliksiz mali yardim saglayan
tek tUlke Rusya olmustur. SSCB ile Tturkiye arasinda Dostluk ve i§birligi Antlasmasina ek bir

protokolin 1929'da imzalanmasidir;

e 1934 yilinda SSCB Tturkiye’ye mali ile 6denmesi gereken 20 yil stireyle Ttirk mallart ile tekstil
sektortinin gelismesi icin faizsiz kredi verilmistir. XX. yiizyilin 30'u yillarinin ortalarinda ilk
tekstil fabrikalar1 Kayseri ve Nazilli'de acilarak, Turkiye'nin yurtlanmis 6demelerinin ana

kalemini olusturan pamuklu kumas ithalatindan yerli iretime ge¢mesinin saglanmasidur.

Rusya Federasyonu ile Tuirkiye Cumhuriyeti arasindaki karmasik ve uzun ge¢mise dayali iliskiler
deneyimini dikkate alarak sadece ikili degil, ayn1 zamanda ¢ok tarafli iligkiler kurmayr da mimkiin

kilmaktadir.

Nitekim Tirkiye, Rusya ve Orta Asya tlkelerin bolgesel gelisimini amaglayan entegrasyonu

yukarida belirtilen etkilesim nedenler ile faktorleri kanitlamaktadir.

Buna istinaden entegrasyon hedefinin dogru tespit edilmesi gerekmektedir. Asagidaki kriterler

g6z ard edilmelidir:

* Entegrasyon taraflarin kendi tlke kaynak ile kapasitenin net olarak bilmesi ve

degerlendirilmesidir;
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*  Orta Asya ulkelerin bolgesel sorunlarinin tespit edilmesidir;

* Tiurkiye, Rusya ve Orta Asya ilkelerin entegrasyon yol haritast adalet ve hak igerisinde

cizilmesidir;

Ornek vermek gerekirse, Tirkiye giines 15181 ile riizgar gibi yenilenebilir enerji kaynaklarin
kullanilmasina dair teknolojik yatirimlar yapmaktadir. Ayn1 bu tiir yenilebilir enerji kaynaklara Orta
Asya tlkeleri de sahiptir. Rusya da glines panelleri ile riizgar santrallerin tretimini yapmaktadir.
Gunimiizde sadece Turkiye, Rusya ve Orta Asya tilkelerinde degil Orta Dogu, Afrika, Giiney Amerika,
Avustralya, Avrupa ulkeleri tarafindan giines panelleri kullanilmaktadir. Tleri zamanlarda giines
panellerin siirlictistiz arabalar, ucaklar, zeplinler ile trenlerde de kullanimi daha aratacaktir. Boylece
enerji alaninda entegrasyon taraftarlarin isbirligi ekonomik ve teknolojik gelisimi ve yeni is firsatlart

Orta Asya devletlerinde saglanacaktir.

Bir bagka bir ornek ise, Turkiye’deki aktif bir sekilde gelisen insaat sektorii ve ingaatta
kullanilan malzemelerin tlke icerisinde tretilmesidir. Dinyanin en biytk yiz 6l¢imine sahip olan
Rusya Federasyonu devleti tarafindan tlke genelinde altyap: insaatt gelistirme projesi basarali bir
sekilde hayata gecirilmesine ve gereken hedeflere ulasmasina planlanmaktadir. Orta Asya iilkelerinde
altyapi insaat ile ilgili ciddi sorunlar vardir. Ayrica altyapi tesis veya bir¢ok tesislerin kurulmasi bolgenin
ekonomik gelisimine neden olmaktadir. Altyap1 tesisleri sunlardir: ulasim tesisleri, teknik malzemelerin
tretim, doniisim ve tagimasini saglayan sanayi tesisleridir. Ulasim tesisleri igerisinde araba yollari,
demirliyorlar, deniz ve nehir limanlari, aktarma noktalari, havaalanlari ve hava kargo tasima terminalleri
yer almaktadir. Yukarida 6rnek verilen tesisatlar arast ulasimi saglayarak dogal kaynaklari ¢ikartan ve
isleyen tretim tesisleri de boylece baglanmaktadir. Ayrica Uretim ve tasima tesislerin enetji ihtiyactn
karsilayan ve altyapida yardimci olan bir enerji sistemleri bolgede bulunmaktadir. Endistriyel tesislerin
temel altyapilarini su sekilde ayirt edilmektedir: enerji (enerji santralleri ve elektrik hatlarr); madencilik
ve hammadde islemesi; hamledersin tasinmast (petrol boru hatlari ve gaz boru hatlarr). Yeni insa edilen
tesislerin hizmete sunulmast gerektiren yardimct tesisler olusmasina neden olmaktadir. Yardimct
tesisler bolgeye is giictinii ¢ekmekle birlikte sehirler ve koyler gibi yerlesim yerlerinin ¢ogalmasint

saglamaktadir.

Orta Asya tilkelerinin ekonomik-cografi konumu, ulasim-cografi ve dogal kaynak agisindan,

Dogu, Giney ve Guneydogu Asya tlkelerini Avrupa tlkeleriyle bagladiklart igin buyiik bir avantaja
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sahip olduklart unutulmamalidir. Orta Asya bolgesinin transit tlkeler konumu, Avrupa ve Asya'nin
farkli bolgelerinin ulasim sistemlerini birbirine baglamayr mimkin kilmaktadir. Orta Asya'nin
jeopolitik konumu 6zeldir. Davranmayarak ana jeopolitik giic merkezlerinin dis ¢ikarlarinin kesisme
bélgesidir. Orta Asya iilkelerinin komsulart Cin, Rusya, Iran yani sira Amerika Birlesik Devletleri,
Avrupa Birligi, Turkiye, Suudi Sirbistan, Hindistan, Pakistan gibi "jeopolitik oyuncular"fir. Orta
Asya'nin jeopolitik konumun olumsuz yonleri, i¢ askeri ¢atismalarin durmadigt Afganistan ile

komsuluk ve Avrupasinin diger potansiyel ¢atisma bélgelerine yakinligidir.

Altyapt1 ingay1, aynt zamanda biytk bir maden potansiyeline ve 6nemli insan kaynaklarina sahip
olan Orta Asya da dahil olmak tzere tim Asya dilkelerine 6nemli bir ekonomik "atilim"
saglayabilmektedir.

Ttrkiye, Rusya ve Orta Asya tlkelerinin hedeflenen entegrasyonunun daha bir 6rnegi, Rusya
ile Turkiye'nin teknoloji gelisimidir. Ancak Orta Asya tlkelerindeki 6zellikle gelismemis saglik gibi
alaninda isbirligin yapilmasi ve kamu tarafindan her zaman verilemeyen saglik hizmetlerin verilmesidir.
Ozellikle tibbi teknolojiler, niifus icin saglik hizmetlerinin organizasyonu, ttbbi malzeme tretimi, tibbi
ve rekreasyon turizmi ve benzeri alanlarda isbirligin yapilmasidir.

Bu nedenle, Orta Asya bolgesinin sosyo-politik kalkinmasina iliskin Tirkiye, Rusya ve Orta
Asya tlkelerinin eylemlerinde hedeflenen entegrasyon biyiik bir potansiyele sahiptir. Uluslararast
iliskiler ag1sindan Ttrkiye, Rusya ve Orta Asya tilkeleri aralarindaki iliskilerin gelistirilmesi acil olmakla

birlikte umut verici bir perspektife sahiptir.
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Comparison of Lead, Zinc and Copper Equilibrium Adsorption Capacities of
Nano-Structured Calcium Silicate, Rice Hull Ash and Activated Carbon
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Ozgul Taspinar®

1. INTRODUCTION

Removal of heavy metals from waters and waste waters is very important and one of the mostly
used technology is adsorption. There are several types of adsorbents used for this aim, such as
activated carbons, clays and zeolites, lignin-based adsorbents, rice husk, activated silica, clay, saw dust
etc. (1-3). Nano-structured calcium silicate, CS produced from rice hull ash in our laboratory was also
started to be used in the adsorption of lead, zinc, copper and arsenic ions from aqueous solutions with
a high efficiency as explained in our previous studies (4-0).

The production of nano-structured calcium silicate from rice hull ash as a new noble material
for removal of heavy metals from aqueous medium is firstly done in our laboratory using the method
applied by Bormann et al. (7-9). The comparison of the Pb, Cu and Zn heavy metal adsorption
capacities of synthetically produced nano-structured calcium silicate, original rice hull ash and activated
carbon was firstly done in this study. The adsorption mechanism of the uptake process of Pb, Zn and
Cu ions on this new material is also firstly analyzed by FTIR-ATR technique in this study.

2. EXPERIMENTAL MATERIALS AND METHODS

Nano-structured calcium silicate, CS was produced from rice hull ash, RHA in our laboratory
with a simple process as described in previous studies (8, 9). RHA, acquired from the Rice Industry in
Thrace region in Turkey was first re-burned at 600°C for 6 h to reduce the amount of carbonaceous
material in its structure. A 100 g of this re-burned RHA was then boiled with 600 ml of 1 N NaOH
for 1 h, for taking the SiO; content of the material into the aqueous solution. The obtained suspension
was filtered and sodium silicate solution was obtained. This solution was then used to precipitate
calcium silicate by adding calcium chloride solution and together with some dissolving water for
avoiding the co-precipitation of impurities, such as sodium chloride by product. The white precipitate
calcium silicate was then washed with 50 ml of spacer i.e. diethylene glycol (to avoid the collapsing of
the framework structure during filtration and drying) several times, dried in the open air; characterized

and used as adsorbent in the experiments.

The obtained calcium silicate product was a white crystal powder with a hydrated chemical
structure, CaSiO3.xH,O and 153 m*/g surface area. The calcium silicate product has a nano-porous
structure with the pore sizes 5-50 nm. Rice hull ash used for adsorption experiments was in the original

! Istanbul Technical University, Environmental Engineeting Department, Maslak/Istanbul, Turkey (Mail Eksik)
2 Piri Reis University, Marine Engineering, Tuzla/Istanbul, Turkey (Mail Eksik)
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(non-re-burnt) state as came from the rice industry. Activated carbon was an industrial product
acquired from a chemical company.

Experiments were carried out to determine the optimum pH, adsorbent amount and contact
time using 100 mg/L (ppm) initial concentrations of Pb*? Zn** and Cu** ions, firstly. The solutions
of these ions were prepared by dissolving the lead acetate, zinc sulfate and copper acetate salts in
distilled water. The most convenient pH was determined as 5 for Pb** and Cu*?, and 6 for Zn*? the
adsorbent amount was found 0.1 g for 50 ml of 100 ppm initial ion concentrations for the three of
the ions. The time necessary for the highest adsorption values of these three ions by the adsorbents
were found as 2 h and more at room temperature, 25°C.

0.1 g of each adsorbent was then treated with the 50 ml of solutions containing several initial
concentrations of the three ions separately on the orbital shaker by mixing at 300 rpm at room
temperature. After 2 h contact time, the solutions were filtered and the ion concentrations left in the
clear solutions were analyzed by AAS (atomic adsorption spectrophotometer).

3. RESULTS AND DISCUSSION
At the end of the 2 h adsorption treatment and filtration separation of clear solutions, the
concentrations of Pb*?, Zn** and Cu** ions left in the solutions (equilibrium concentrations, Ce) were
analyzed by AAS as stated above. Using the initial concentrations taken at the beginning of the
experiments, Co; equilibrium concentrations, Ce values analyzed at the end of the experiments; and
the amount of adsorbent used, W (0.1 g/50 ml or 2 g/L in present study) the equilibrium adsorption
capacities of adsorbents, qe were calculated from the Eq. (1) below:

Adsorption capacity (mg/g):
ge = (Co-Co)/W M
where,

Co: Initial concentration of ions at the beginning, mg/L ot (ppm)
Ce: Equilibrium concentration: Ion concentration left in the solution after adsorption, mg/L or

(Ppm)
W: Adsorbent dosage, g/L

The change of the so calculated equilibrium adsorption capacities qe with the initial ion

concentrations, Cy were given graphically in Fig.1.
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Fig. 1. The change of the equilibrium adsorption capacity, q. with the initial ion concentrations of lead,
zinc and copper on CS, AC and RHA: a) Lead, b) Copper, c) Zinc

As it is seen from Fig.1, calcium silicate, CS adsorbed three of the ions much higher than that
of the activated carbon, AC and RHA. Especially Pb** ions are adsorbed up to 53 ppm by 0.1 g of CS
at 300 ppm initial ion concentration. Although activated carbon reaches its equilibrium at around 50
ppm Pb™ initial concentrations, calcium silicate and RHA are still continuing to adsorb the lead ions
up to 200 ppm initial concentrations. For the initial concentrations up to 50 ppm Pb™, the lead
adsorption capacity of calcium silicate is about twice that of activated carbon. And the Pb** adsorption
capacity of calcium silicate is much higher for the higher concentrations being around three times
compared to the value of activated carbon. Copper and zinc adsorption capacity of calcium silicate
for 200 ppm initial ion concentrations is around 30-34 mg/g. This value is around 25 and 13 ppm
copper and zinc for RHA and 15 and 13 ppm zinc for activated carbon, respectively. The least
adsorbed element is zinc among these three elements by rice hull ash and activated carbon. Zinc
adsorption capacity of calcium silicate is almost three times compared to the activated carbon and rice
hull ash capacities.

As the equilibrinm capacity, ge can be taken the measure of the adsorption affinity of the materials; calcium

silicate, CS and rice hull ash, RHA affinity to these ions is in the order of Pb > Cu > Zn; and this order is in the
Sform Cu > Pb > Zn for activated carbon, AC.
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This result obtained for Zn** adsorption on the three of the materials is also coincides with the
literature. Strelko and Malik [10] have found in their study that, activated carbon sorption of 4-d
elements of periodical table has shown the Irwing-Williams affinity seties exactly as Mn™ < Co™ <
Ni”? < Cu*? > Zn*’. The only exception in this series is zinc, Zn"?. They have experimentally showed
that, zinc ions are less adsorbed by activated carbon compared to copper, Cu™. They have explained
the highest copper sorption affinity of activated carbon among all the cations analyzed is because of
the formation of distorted and more stable octahedral complexes of Cu** ions.

CONCLUSIONS

Lead, copper and zinc adsorption capacity of laboratory produced nano-structured calcium
silicate is almost three times of the capacity of industrial activated carbon. As a new product, calcium
silicate can safely be used industrially instead of activated carbon especially for the removal of higher

concentrations of lead, copper and zinc ions from the aqueous medium.
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1.Giris

Taslama prosesinde talas kaldiran taslama tast ile is parcasi arasindaki siirtinme nedeniyle is
pargast yuzeyine yiksek miktarda 1s1 girdisinin s6z konusu olmasi, yizeyde “taslama yanigr” olarak
anilan bir olusuma sebebiyet verebilmektedir. Taslama yanig ile yiizey ve yiizey altt katmanda, sertlik
degisimi ile kendini gosterebilen mikroyapisal degisimler olusmakta; bu noktalardaki kalinti ¢ekme
gerilmeleri  kilcal ~mikro-gatlaklarin  gelisimine yol agarak parcanin yapisal dayanimini
zayiflatabilmektedir. Taslama yaniginin sertlik degisimine etkisi, par¢anin malzemesi, 1s1l islem ge¢misi
ve mikroyapisina gore farklilik gosterebilir. Ornegin, taslanan parca sert martenzitik yapiya sahip bir
celik ise taglama yamgt ile sertlikte disis beklenirken, su verme sonrast menevislenmis bir ¢elikte yanik
olusan bolgenin yeniden sertlesmesi de mimkun olabilir.

Zhang vd. (2012), 1Cr11Ni2W2MoV paslanmaz gelikte taslama yanigt mekanizmasint deneysel
bir calisma yuriterek incelemislerdir. Parca ylizeyinin altinda belli bir mesafede yerlestirilen 1sil ¢iftlerle
taslama esnasinda sicaklik artis1 gbzlemlenmis; kesme derinligindeki artisa baglt olarak meydana gelen
sicaklik artist ile faz dontstim sicakligr astiginda, orijinal gri gériiniimlii bant (lata) martenzit yapinin
siyah goriniimli menevigli sorbit yapisina dontstigi ve sertligin azaldigr tespit edilmistir. Kesme
derinligi 0,01 mm’de olgiilen 368 °C sicakliga kadar yiizeyin diizgiin oldugu ve tasin agindirict
noktalarinin is pargast ile etkilesiminden kaynakli, birbirinin tizerine binen ¢iziklerin olustugu
g6zlenmistir. Kesme derinligi 0,03 mm’ye arttirilinca, talas yapismasi ile paslanmaz ¢elik malzemesinin
tasin asmndirict taneleri etrafindaki plastik akisindaki yarilmanin artip asindirict tanelerin tarafina dogru
ekstriidde oldugu; kesme derinligi 0,05 mm’ye arttirildiginda ise plastik deforme olmus bir kaplama
tabakasinin goruldigu ve artan sicaklik ile parca yuzeyine yayiddigr belirtilerek taslama yaniginin
olustugu bu bolgelerde gozle gorilebilir mikro-gatlaklarin ortaya ¢iktigr ifade edilmistir. Dong vd.
(2015) tarafindan, farkls 1s1l islem g¢evrimlerine tabi tutulmus 9Mn2V celiginden mamul disli ¢arklar
tizerinde yapilan c¢alismada, malzeme yapisinda karburlerin ciddi bir segregasyon sergilemesi, yapida
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asir1 miktarda kalinti 6stenit bulunmast ve malzemenin kaba ve homojen olmayan bir yapiya sahip
olmasinin taglama yanigr ve catlagt icin neden teskil ettigi belirtilmistir. Isil isleminin kriyojenik
yontemle uygulanmast ve menevisleme ile bu olusumlar ortadan kalktigi veya azaldigt icin malzemenin
taslanma kabiliyetinin iyilestigi ifade edilmistir. Lin vd. (2018), raylarin taslanmasinda proses
parametrelerinin ray sicakligt ve taslama yanigi olusumuna etkisini incelemislerdir. S6z konusu
calismada, sicakligin 600 °C’yi agsmast halinde taslama yaniginin olustugu ve bunun beyaz daglama
tabakasinin géztikmesine eslik ettigi, sicakligin artmastyla ytzey oksidasyonunun siddetlenip demir digt
oksitlerin toplandigt ve 802 °C’ye ulagmast halinde gézle goriilebilen taslama ve su verme gatlaklarinin
olustugu raporlanmustir. Calismada, rayin ylizey durumu, taslama yanigt ve taslama sicakligi arasindaki
iliskiler de belitlenmistir. Handa vd. (2020) ise, Ti6Al4V alasiminda dusik 1sil iletkenlikten o6turt
taslama yaniginin olusumu ve ona bagl sertlik artisi; ayni zamanda is parcast malzemesi ile tas
malzemesi arasinda kimyasal afinitenin gelisim egilimi tizerine ¢alismuslardir. Burada, taslama isleminin
bolimlendirilmis (segmentli) taslar ile kesintili olarak uygulanmasi diisintlmiis ve ABAQUS programi
ile olusturulan sonlu eleman modeline gore proses analiz edilmistir. Simutlasyonda, kesintili taslama ile
yaniga neden olan sicaklik artisinda belirgin bir azalma gérilmus; s6z konusu yéntemin uygulanmast
ile yanik ve catlak hasarlarinin engellenebilecegi belirtilmistir.

Taslama yaniginin tespit edilmesi ve dizeyinin tanimlanabilmesine olanak tantyacak sekilde
siniflandirilmasi da ¢ok sayida ¢alismanin konusu olmustur. Aguiar vd. (2005) tarafindan, satth taslama
islemindeki yanma esiginin tespit edilmesi amactyla gerceklestirilen ¢alismada, akustik emisyon ve gii¢
sinyalleri ile bu sinyalleri isleyen bir algoritmadan faydalanilarak, taslama yanigi olusmaya basladiginda
operatore haber vermek ya da prosesi kesintiye ugratmak tizere gelistirilmis bir sistem tantilmustir.
Yang vd. (2013) tarafindan yapilan ¢alismada da taglama yanigint otomatik olarak tanimlamak amaciyla
bir tahmin ve siuflandirma sistemi gelistirilmis; sinyal isleme tabanlt bu dolayli yontemin dogrulama
testlerinde %901 asan basari oranina ulasildigi belirtilmistir. Gu vd. (2016) tarafindan yapilan
calismada, taslama yanigini simtle eden lazer yiizey islemindeki termal hasar olusumu, deneysel olarak
bu isleme tabi tutulan AISI 1045 ¢eliginden numunelerde mikroyapi, sertlik ve kalint1 gerilme dikkate
alinarak analiz edilmistir. Sertlik degerinin yansittigt faz dontisimi kaynaklt mikroyap: degisiminin
termal hasarda dikkate alinmasinin gerektigi; proseste kacinilmaz olusumlardan bir digeri olan kalintt
¢ekme gerilmelerinin X-1s1n1 difraksiyonu (XRD) ile saptanip, hasarsiz bir yontem olarak, taslama
yaniginin smiflandirlmasinda kullanilabilecegi; termal hasar tespitinde yliksek dereceli gerinim modu
yonteminin rezonans frekanst ve deplasman moduna gore hasara daha duyarli olmasi nedeniyle ytizey
taslama islemindeki termal hasarin tespitinde, yanik derecesinin simflandirldigt XRD ile birlikte
uygulanabilecegi ifade edilmistir. Baumgart vd. (2018), proses esnasinda sicakligs stirekli sekilde ve is
parcast temelinde Sl¢tiigt silindirik taslama operasyonunda, par¢a yizeyinden itibaren derinlige bagl
1sinma ve soguma hizlarini, bunlarin taslama sertlesmesine etkisini irdeleme ve modelleme amactyla
saptamuglardir. He vd. (2019) tarafindan yuritilen calismada ise, taslama yaniginin tahmin ve tespitine
yonelik uygulanan yontemler irdelenmistir. Yanik tahminine iliskin, taglama kuvveti ve spesifik enerji
6l¢timd, taglama sicakliginin takibi ve yapay sinir agt uygulamalari; tespiti i¢in ise nital daglama, yiizey
mikro-sertlik 6l¢timi, metalografik test, gorsel kontrol, XRD kalintt gerilme testi, kimyasal bilesim
analizi, Eddy akimi testi, manyeto-elastik yontemler ve akustik emisyon izleme yontemleri belirtilerek
bunlarin avantaj ve dezavantajlari karsilastirilmustur.
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Taslama isleminde tag malzemesi ve asindirict tane buyukligu, is parcasinin malzeme 6zelliklert
ve 1s1l islem gecmisinin yani sira kullanilan sogutma sivisinin 6zellikleri ve debisi, kesme derinligi,
ilerleme hizi, tas hizi gibi parametreler taslanan yizey kalitesine etki etmektedir ve bu konuda ¢ok
saylda arastirma yapilmistir. Alagumurthi vd. (2007) tarafindan silindirik taslama prosesine yonelik
yurttilen ¢alismada taglama tast olarak Al,Oj3, sogutucu akiskan olarak da emilsiyon kullanilmis; kesme
derinligi, is pargast hizi ve tas hizinin birer parametre olarak yiizey purtzliligine etkisi hem tam
taktoriyel hem de Taguchi deney tasarimi ile incelenmistir. Tam faktoriyel tasarimda Yates yontemi ile
parametrelerin etkisi belirlenere bir matematik model tiretilmis ve optimizasyona gidilmis; Taguchi
deney tasariminda ise varyans analizi (ANOVA) uygulanmustir. Her iki yontem de ylizey pirtzliligi
ile ilgili en 6nemli parametrenin parca hizi oldugunu gostermistir. Prabhu ve Vimayagan (2012)
tarafindan yapilan calismada, AISI D3 takim celiginin taslanmasinda sogutucu stvi olarak nano-akiskan
kullaniminin yiizey kalitesine etkisi Taguchi deney tasarimi ile incelenmis olup yiizey purtzliligl ve
mikro-¢atlak olusumu bakimindan nano-akiskan kullanidlmasinin avantaj sagladigt belirtilmistir.
Kiileker (2013) ise, AISI 1040 geliginin taslanmasinda minimum ytizey purizliligini elde edebilmek
icin Taguchi yontemi ile bir optimizasyon c¢alismasi yuratmustir. Yapilanvaryans analizi, kesme
derinligi ve tas hizinin ylizey purizliligi tzerindeki etkisinin yiiksek; ilerleme hizinin ise dustik
oldugunu gostermistir. Aravind ve Periyasamy (2014) tarafindan yapilan calismada ise AISI 1035
celiginin satth taglama parametreleri Taguchi yontemi ve Yanit Yiizeyi Metodolojisi (RSM- Response
Surface Metodology) ile optimize edilmistir. Deney tasarimiyla elde edilen veriler Box-Bohen yontemi
ile islenmis; ylizey purtzlulugine etkisi en fazla olan parametrelerin, tasin asindirict tane boyutu ve
kesme derinligi oldugu saptanmustir. Bir paslanmaz celikgin capraz silindirik taslamasinda proses
parametrelerinin titresim ve ylzey purizliligine etkisini arastirmak icin Rudrapati vd. (2016)
tarafindan yapilan deneysel ve analitik ¢alismada Box-Behnken tasarim matrisi kullanidmus;
parametreler ile ciktilar arasindaki bagintilarin incelenmesi icin RSM metodolojisi uygulanarak
matematiksel modellemeye gidilmistir. Sonuglar varyans analizi ile test edilmis; ¢ok amagl genetik
algoritma (MOGA) ile titresim ve yiizey purizliligi ayni anda optimize edilerek deneyle
dogrulanmustir. Jeevanantham vd. (2017), C40E ¢eliginden parcanin i¢ delik taslama isleminde taglama
kuvveti, taslama hiz1 ve kesme derinliginin yiizey putrizlulugh tzerindeki etkisini incelemislerdir. Bu
calismada Taguchi deney tasarimi ve varyans analizi uygulanarak parametreler optimize edilmis ve
kesme derinliginin yiizey purtzliligine etkisinin diger parametrelere kiyasla daha az oldugu
gorilmustir. Zhang vd. (2017), 20CtMnTi ¢eliginin kibik bor nitrir (CBN) tas ile taslanmasinda tas
hizi, parga hiz1 ve kesme derinliginin taslama kuvveti, kalint1 gerilme, sertlik ve yiizey kalitesine etkisi
ile bunlarin aralarindaki korelasyonun arastirildigt deneysel ve analitik bir ¢alisma yurtitmus; ¢alismanin
optimizasyonla ilgili kisminda Pareto giicii algoritmasindan faydalanmuslardir. Giinay vd. (2018) ise,
tam faktoriyel deney tasarimi ve memnuniyet fonksiyonu yaklasimt (Desirability Function Approach)
ile galismis; kam makaralarinin taslanmasinda yiizey purtzlilik degetlerini ve ¢evrim siiresini, ¢ok
amagclt optimizasyon teknigi ile es zamanlt olarak minimize etmislerdir. Shahri vd. (2018), AISI 1045
celiginin tavlama sonrasinda ytzey sertligini iyilestirmek amaciyla Taguchi deney tasarimi ve regresyon
analizinden faydalanarak taslama parametrelerinin optimizasyonu Uzerine calismis; yizey sertligini
arttirmada en etkin parametrenin kesme derinligi oldugunu raporlanmuslardir. Saravanakumar vd.
(2018), parga yuizey kalitesini artirmak icin taslama tasinin hizi, tabla hizi, kesme derinligi gibi taglama
parametrelerini Taguchi deney tasarimu ile incelemislerdir. Bu calismada da ytizey piuriizliligl tizerinde
en etkin parametrenin kesme derinligi oldugu beliflenmis, minimum yiizey purtuzliligh icin
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parametreler optimize edilmistir. Parametrelerin taslama yanig1 olusumundaki etkisini ve termal hasar
olusumundaki roliinii irdelemek amaciyla Del vd. (2019) tarafindan istatistiksel deney tasarimindan
faydalanilarak yurittulen c¢alismada ortaya konan regresyon modelinin, is pargast malzemesinin
menevisleme ve Ostenitleme sicakliginin bilinmesi halinde, proses parametreleri ile taslama yanigi
olusma olasiligint tahmin edebildigi gérilmustir. Deresse vd. (2020), EN45 ¢eliginin 1s1l islem 6ncesi
ve sonrast silindirik taslama prosesinde talas kaldirma hizint etkileyen parametrelerin optimizasyonuna
calismis; Taguchi tasarimu ile talash isleme hizina en fazla etki eden parametrenin, 1sil islem 6ncesi %65
ile kesme derinligi, 1s1l islem sonrasinda ise %57 ile ilerleme hizt oldugu saptamuslardir.

Secilen taslama parametrelerinin taslama yanigi olusumuna etkisinin arastirildigt bu ¢alismada,
parca olarak bir dizel enjektor gévdesi ele alinmustir. Binek araglarda elektrifikasyon hiz kazanmakla
birlikte, yik tasima araclarinda dizel motorlara yakin zaman icin bir alternatif 6ne ¢tkmamis olup daha
uzunca bir stire bu motorlarin hizmet verecegi 6ngorilmektedir. Dizel motorlarin verimini arttirirken
karbon ve sera gazi salimini azaltmak amactyla yurttilen c¢alismalarinda yakit sistemlerine yonelik
gelistirmeler 6nemli yer tutmaktadir. Bu motorlar i¢in yaygin olarak kullanilan “common rail” yakit
sistemlerinde enjeksiyon basincinin arttirilmasina yonelik gelistirmelerin devam ettigi bilinmektedir.
Yiksek yakit basinglari, sistemdeki dagitict ve enjektor gibi bilesenlerin yapisal dayanimini; dolayistyla
tasarimini, malzemesinin segimini, 1s1l islemini ve imalat yontemini kritik hale getirmektedir. Ornek
olarak enjektor govdest ele alinirsa, ylizeyde yiksek sertlik degerleri yorulma catlaklarina karst bir
onlemken, ylzeyden cekirdege dogru sertligin azalmasi ile govdenin tok bir yapida olmast
istenmektedir. Béyle bir yapiya ulasabilmek i¢in sementasyon ile ylzey sertlestirme islemi 6n plana
ctkmakta; yiizeylerde olusan kalintt bast gerilmelerinin mikro-gatlak olusumuna ve yorulmaya karst
sagladigr direng, bu yontemi diger ylzey sertlestirme yontemlerine kiyasla daha avantajli kidmaktadir.
Bir yakit enjektorini olusturan bilesenlerin dar geometrik toleranslara sahip ve ylizey kalitesi
yoniinden hassas olmast ise, tiretim proseslerini kritik bir hale getirmektedir. Yine enjektor govdesi ele
alinirsa, yakit ¢ikis deliklerinin oldugu alin yiizeyinin 1s1l islem sonrasi taslanmast gerekmektedir.

Sementasyon ile ylizeyde saglanan sertlestirme, taslama derinligi ile azalmakta olup izin verilen
sertlik disust triin sartnamesinde tanimlanmustir. Taslamada yuzeyde olusabilecek yaniklar, yiiksek
basing altinda ¢alisan enjektor gévdelerinin dayanimi agisindan ciddi bir risk teskil ettiginden, bunun
kesinlikle istenmedigi 6zellikle belirtilmektedir. Bu ¢alismada, dusiik alasimli bir Cr-Ni ¢eliginden imal
edilerek sementasyon ve menevisleme 1s1l islemine tabi tutulmus bir dizel enjektér govdesinin alin
ylzeyinin taslanma prosesinde, secilen proses parametrelerinin taslama yanigi olusum egilimine etkisi
ele alinmis ve parametreler optimize edilmistir.

2.Materyal ve Metot

Yakiti motorun yanma odasina ytliksek basing ile sevk eden dizel enjektorler, merkezde bulunan
bir ana gévdenin tizerine alt bilesenlerin monte edilmesi ile tiretilmekte olup gévde tizerinde belli saytida
yakit deligi yer almaktadir (Sekil 1). Bu parga, dairesel kesitte ¢ubuk olarak tiretilmis ¢elik malzemeden
imal edilirken tornalama, frezeleme, derin delik delme, asindirict akss ile isleme (AFM), satth taslama
gibi talagl imalat ve tdretim akisinin belli asamalarinda yitkama proseslerine tabi tutulmaktadur.
Govdelere sementasyon ile ylizey sertlestirme ve menevisleme 1s1l islemleri de uygulanmaktadir.
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Sekil 1. Sementasyon ve menevisleme 1s1l islemine tabi tutulmus
bir dizel enjektér gévdesi

Enjektor govdesi ile diger enjektor bilesenlerinin temas yiizeylerinde sizdirmazligin saglanmasi
kritiklik arz eden bir konudur. Yakit ¢ikis deliklerinin yer aldigi govde alin yiizeyi, geometrik ve ylizey
purtzlilik toleranslarinin saglanabilmesi icin, 1s1l islem sonrasinda ¢anak taslama operasyonuna tabi
tutulmaktadir.

2.1.Malzeme 6zellikleri

Calismaya konu dizel enjektér govdesinin malzemesi 18CrNi8 standardinda distk alasimlt
gelik olup bu ¢elik i¢in tanimlanmis standart kimyasal bilesim araligi Tablo 1°de verilmistir. Govdenin
alin yiizeyinin taglanmasi 6ncesinde s6z konusu parga, gaz sementasyon yontemi ile yiizey sertlestirme
ve ardindan menevisleme 1s1l islemlerine tabi tutulmakta; bu 1s1l islemlerin sonucunda ytizey sertliginin
700-825 HV araliginda olmasi istenmektedir.

Tablo 1. Enjektor gévdesinin imal edildigi 18CrNi8 ¢eliginin standart kimyasal bilesim aralig

Alagim Elementleri (% Agirhk)
C Cr Mn Mo Ni P Si S Vv Fe
0,15-0,20 1,80-2,10 0,40-0,60 <0,10 1,80-2,10 <0,035 0,15-0,35 <0,002 <0,10  Kalan

Sementasyon ve menevisleme 1sil islemlerinden sonra, enjektér govdesinin menevisli martenzit
ve bir miktar beynit iceren yapiya sahip ve karbonca zengin ylizeyinden cekirdege dogru sertlik
degerlerinin degisimi icin istenen egri, alt ve Gst stnurlar ile birlikte Sekil 2’de goriilmektedir.

Farkl: tarihlerde 1sil isleme tabi tutulmus olan 6 adet enjektér gévdesinin alin yluzeyinde ve bu
yuzeyden boyuna (eksenel) yonde farkli derinliklerde Olgiilen sertlikliklerin dagilimi Sekil 2°de
verilmistir. Sertlikler, DuraVision 20 G5 cihazinda 0,3 kgflik yuk altinda yurttilen Vickers sertlik
deneyleri ile belirlenmistir.
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Enjektor govdesinin imalatinda uygulanan endustriyel proseste, 1sil islemli gévdenin alin yiizeyi
toplam 0,046 mm’lik bir kesme derinligi verilerek taslanmaktadir. Taslanan ylzeyde sertlik degeri, Sekil
2’de goruldugt gibi, 3 numunede 3 farkli noktada yaklasik olarak 660-685 HV araliginda 6l¢tlmiistir.
Sertlik degisim egrisine gére bu derinlikte daha ytksek sertlik degerleri beklenirken, taslama islemi
sonrast sertligin alt sinirda ve kismen alt sinirin altinda Sl¢tilmesi, proseste taslama yanigi gelisme riskini
akla getirmistir. Zira taslamada sogutma sivist olarak su bazli bir emilsiyonun kullanilmasi arzu
edilmesine karsilik, enjektor gévdelerinde son derece kritik bir konu olan korozyon riski de géz 6niine
alindigy icin, tretim kosullarinda 1s1 transfer performansi daha dusiik olan bir yag kullanidmaktadur.
Dolayistyla taslama yanigr riskini bertaraf edecek sekilde taglama prosesine iliskin parametrelerin
optimize edilmesi, bu ¢alismanin ¢ikis noktast olmustur.

900
350 | o1 lsil \.gleml! G?vde
R SN - < 2. Isil Iglemli Govde
m 8m0 § Tl “ o 3. 1Isil iglemli Gévde
o Teal St liglemli Gévd
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Sekil 2. Sementasyon ve menevisleme 1sil islemine tabi tutulmus enjektor gévdelerinin
yuzeyinden ¢ekirdege dogru beklenen sertlik degisimi, alt ve Gst toleranslart ve
1s1l islem sonrast gercek tretim kosullarinda (0,046 mm’lik kesme derinligi,
yag ile sogutma) taslanan yiizeyde 6lgiilen sertlik degerlert

2.2. Taglama operasyonu

Enjektor govdesinde yakit ¢ikis deliklerinin bulundugu alin yiizeyi 1s1l islem sonrasinda
taslanmaktadir. Taslama operasyonu iki asamali olarak uygulanmaktadir. Kaba agindirict taneli canak
tas (kaba tas) ile yapilan 6n taslama islemindeki asil amag yiizeyden talas kaldirilmasi iken ince asindirict
taneli tas (ince tas) ile yapilan son taslama isleminde yuzey purizliligintn istenen deger araliginda
elde edilebilmesi amaglanmaktadir. Canak tas kullanilmasinin nedeni ise, sizdirmazligin sartlarindan
olan i¢biikey formlu bir temas yuzeyinin olusturabilmesi i¢in tast ¢ok kiicik degerde bir act ile
konumlandirma serbestisinin bulunmasidir. On taglamada kullanilan (kaba) tasin asindirici tane
malzemesi ALOs ve tane buyiklik numarast 400 kum iken son taglamada kullanian (ince) tasin
asindirict tane malzemesi SiC olup tane buyiiklik numarast 800 kum olarak secilmistir (Sekil 3).
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Deneysel calisma kapsamindaki taslama operasyonlari, enjektor govdesi alin yiizeyinin
taslanmasina yonelik 6zel olarak tasarlanmis ve govde tretim prosesinde kullanilan bir taslama
makinesinde yuratulmistir (Sekil 4). Gergek tiretim kosullarindaki taslama operasyonlarinda sogutma
stvist olarak, korozyon riskine karsi 6zel bir yag kullanilmakla birlikte, sogutma sivist ile ilgili kontrol
edilmesi gii¢ olan debi, basing gibi akis parametrelerden bagimsiz sekilde diger proses parametrelerine
odaklanabilmek icin deneysel c¢alismalarda akiskan kullanilmamis; c¢alismalar kuru sartlarda
gerceklestirilmistir.

@
Sekil 3. Enjektor gévdesi alin taglama isleminde kullanilan kaba (a) ve
ince (b) asindirict taneli canak taslar

;’ E

“”&_

AQ [\\_":

&

lnce Enjektor Ka ba ince § = Enjektor 1 Kaba
Govde5| Tas bE Govdesi Tas

Sekil 4. Taglama taslarinin ve pargalarin taslama tezgahina baglanmis (a) ve

tezgahin taslama pozisyonuna getirilmis (b) hali

2.3.Taglama yanmiginin tespiti

Enjektor govdelerinin alin yizeyinde taslama yanigi, Nital 4 ¢6zeltisiyle yapilan daglama sonrast
gozle kontrol ve Vickers sertlik deneyleri ile belirlenmistir. Taslama yanigini belirgin bir sekilde
gozlemleyip 6rneklemek icin 400 kum tas kullanilarak kuru sartlarda ve 0,1 mm civarinda kesme
derinligi verilerek 8-10 s siireyle gerceklestirilen manuel bir taslama islemi ve ardindan yapilan nital
daglama sonrasinda enjektér gévdesinin alin yiizeyinin gérinimi Sekil 5’te verilmistir. Yizeyde renk
farklilasmasi gozlenen kisimlarda yanigin gelistigi; martenzitik yapinin daha kolay daglanmasi sebebiyle
bu kisimlarda yeniden sertlesmenin meydana geldigi degerlendirilmistir. Yogun renk degistiren kisimda
sertligin 650-680 HV araliginda 6l¢tlmesi; diger kisimlarda ise 510 HV diizeyine kadar diismis olmast
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bu degerlendirmeyi dogrular niteliktedir. Yogun daglanmis noktalarda martenzitik yap1 agirlikta olmak
lizere, genel yapinin menevisli martenzit ve beynit oldugu 6ngorilmustiir.

Sekil 5. Agir sartlarda alni kuru olarak taslanmus bir enjektor gévdesinin taslanan

yuzeyinde Nital 4 ¢6zeltisi ile daglama sonrast gézlenen taslama yanigt

3.Deneysel Caligma

Deneyler, sementasyon ile yilizeyi sertlestirilmis ve menevislenmis enjektor govdeleri ile
yuritilmis; bu numunelerin alin ytzeyi 0,03 mm’lik kesme derinligi (ap = 0,03 mm) verilerek 800 kum
tas ile yagda taslanmistir. Boylece, orijinal 1sil islemli numunelerin ytzeyinde 1sil islem kaynakl
stureksizliklerin ve tabakalarin kaldirilmasi ile yalniz taglama yanigina etki eden proses parametrelerine
odaklanilmasi amaclanmustir.

Deney programi dahilinde enjektér gévdesi alin ylzeyinin taglanmasinda, endustriyel olarak
uygulanan ¢anak taglama prosesi esas alinmis ve parametreler bu prosese gore sec¢ilmistir. Strastyla 400
kum ve 800 kum tas ile yapilan 6n ve son taglama adimlarinda 1500 dev/dak ile dénen parcanin tersi
yonde ve farkli eksende donen taslama tasinin devir sayilart (ni, nz), kesme derinlikleri (a1, az) ve tasin
ilerleme (dalma) hizlari (v1, v2), deney programinda secilen 7 adet parametrenin 6’sin1 tanimlamaktadir.
Hem 6n taglama hem de son taslama adiminda istenen kesme derinliklerine kadar taslama yapildiktan
sonra, taslama makinesinden kaynaklanabilecek denge ve salgt problemlerinden otiirti yiizey
toleranslart ve purtzlilik degerlerinin istenen duzeyde saglanamama riski mevcuttur. Bu agidan,
taslama isleminde stabilitenin saglanmast veya iyilestirilmesi amaciyla her iki taslama adiminin sonunda,
tas ve enjektor govdesi donerken, parlatma islemine benzer sekilde bir stire beklenmektedir. Bekleme
stresi t, de 6n ve son taslama adimlar igin tek ve ortak bir parametre olarak deney tasarimina dahil
edilmistir. Segilen parametreler ve seviye degerleri Tablo 2’de verilmistir.

Tablo 2. Ele alinan taglama parametreleri ve bu parametreler icin secilen seviyeler

ilgili Proses Parametre Seviye 1 Seviye 2 Seviye 3
Kaba Asindirci Taneli Tagin Devir Sayisi, ny (dev/dak) 1000 3500 5000
(400 Kum) Tag ile Kesme Derinligi, a1 (mm) 0,015 0,023 0,031
6n Taslama ilerleme (Dalma) Hizi, v1 (my/s) 32 65 98
ince Agindirici Taneli Tagin Devir Sayisi, ny (dev/dak) 500 2500 4500
(800 Kum) Tag ile Kesme Derinligi, a; (mm) 0,015 0,023 0,031
Son Taglama ilerleme (Dalma) Hizi, vz (um/s) 8 14 20
On ve Son Taslama Bekleme Siireleri, ty (s) 0,50 1,00 1,50

3.1.Deney tasarimi
(alisma kapsaminda secilen 7 adet parametrenin etkisinin 3’er seviye ile analiz edilmesi uygun
gorilmiis; bu baglamda, istatistiksel deney tasarimi i¢in Taguchi’nin 3 seviyeli Ly; orthogonal dizisinden
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faydalanilmistir. Secilen parametreler ve seviyelerine iliskin Minitab 20 programu ile olusturulan deney
tasarimi Tablo 3’te verilmistir.

Tablo 3. Ele alinan taglama parametreleri ve segilen seviyelerine gore
Taguchi 1.27(3)" deney tasarimi

On ve Son

On Taslama- OnTaslama- On Taslama- Son Taslama- Son Taslama- Son Taslama-  Taslama-

Tasin Devir Kesme ilerleme Tagin Devir Kesme ilerleme Bekleme

Deney Sayisl, Derinligi, (Dalma) Hizi, Sayisl, Derinligi, (Dalma) Hizi, Siireleri,
No | ny(dev/dak) ap (mm) vy (pmy/s) nz (dev/dak) az (mm) vz (emy/s) ty (5)
1 1000 0,015 32 500 0,015 8 0,5
2 1000 0,015 32 500 0,023 14 1,0
3 1000 0,015 32 500 0,031 20 1,5
4 1000 0,023 65 2500 0,015 8 0,5
5 1000 0,023 65 2500 0,023 14 1,0
6 1000 0,023 65 2500 0,031 20 15
7 1000 0,031 98 4500 0,015 8 0,5
8 1000 0,031 98 4500 0,023 14 1,0
9 1000 0,031 98 4500 0,031 20 1,5
10 3500 0,015 65 4500 0,015 14 1,5
11 3500 0,015 65 4500 0,023 20 0,5
12 3500 0,015 65 4500 0,031 8 1,0
13 3500 0,023 98 500 0,015 14 1,5
14 3500 0,023 98 500 0,023 20 0,5
15 3500 0,023 98 500 0,031 8 1,0
16 3500 0,031 32 2500 0,015 14 1,5
17 3500 0,031 32 2500 0,023 20 0,5
18 3500 0,031 32 2500 0,031 8 1,0
19 6000 0,015 98 2500 0,015 20 1,0
20 6000 0,015 98 2500 0,023 8 1,5
21 6000 0,015 98 2500 0,031 14 0,5
22 6000 0,023 32 4500 0,015 20 1,0
23 6000 0,023 32 4500 0,023 8 1,5
24 6000 0,023 32 4500 0,031 14 0,5
25 6000 0,031 65 500 0,015 20 1,0
26 6000 0,031 65 500 0,023 8 1,5
27 6000 0,031 65 500 0,031 14 0,5

Isil islem sonrast enjektor gévdesi alin yiizeyinin hazirlik amaciyla taslamasinda verilen kesme
derinligi (ap = 0,03 mm) ile deneylerde iki taslama adimindaki verilen toplam kesme derinlikleri (a;+ay)
toplandiginda, Sekil 2’deki beklenen egriye karsilik gelen sertlik Ho degeri ile taglanan ytzeylerde
Olctlen sertlik H. degeri arasindaki fark (AH = Ho-H,) tasarlanan deney programinin sayisal ¢iktist
olarak tanimlanmistir. S6z konusu farkin pozitif olmast taslama sonrast sertlikte disiis; negatif olmast
ise sertlikte artis anlamina gelmektedir. Sertlikteki farklilasmanin dustik olmasi istenmektedir.

3.2.Bulgular

Sementasyon ve menevisleme 1s1l islemi uygulandiktan sonra 0,03 mm’lik kesme derinligi ile
deneysel caligmalara hazirlik amaciyla taslanmis enjektér gévde numunelerine, Tablo 3’te verilen
Taguchi .»7(3)" deney tasarimina gore taslama deneyleri uygulanmistir. Kuru sartlarda, 3 tekrarli olarak
yurttilen 27 adet deney sonrasinda, taslanan alin ytzeylerinde 3 farkli noktada 6lgiilen Vickers sertlik
degerleri ve bu degerlerin ortalamasi Tablo 4’te verilmistir.
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Tablo 4. Ytzeyi sertlestirilmis ve deneylere hazirlik amaciyla aln1 0,03 mm derinlikte

taslanmis enjektor gévde numunelerinin deneylerde kuru taslanan
alin yuzeylerinde dl¢tilen sertlik degerleri

Deney tasarimina gore kuru sartlarda

Vickers Sertlik Degerleri (HVO,3) Vickers Sertlik Degerleri (HV0,3)
Deney No- 1. 2. 3. Deney No- 1. 2. 3.
Numu:e No | Olgiim | Olgiim | Olgiim Ortalama Numu:‘]e No | Olgiim | Glgiim | Glgiim Ortalama

1-1 633 628 640 15-1 582 601 563
1-2 622 615 618 630 15-2 599 601 586 577
1-3 658 643 613 15-3 560 540 559
2-1 639 615 624 16-1 601 584 555
2-2 600 610 608 620 16-2 614 596 569 578
2-3 631 638 618 16-3 548 563 575
31 614 619 636 17-1 567 559 571
3-2 600 615 601 615 17-2 619 575 579 574
3-3 610 614 627 17-3 562 568 563
4-1 559 592 573 18-1 569 567 548
4-2 575 577 592 567 18-2 584 575 555 562
4-3 536 555 540 18-3 551 559 547
5-1 566 584 598 19-1 584 566 588
5-2 588 571 584 580 19-2 591 574 584 586
5-3 578 563 586 19-3 601 610 579
6-1 565 578 567 20-1 563 544 592
6-2 559 600 635 574 20-2 582 575 566 569
6-3 548 544 567 20-3 559 551 592
7-1 597 610 551 21-1 569 567 584
7-2 592 586 578 586 21-2 557 584 569 562
7-3 582 599 580 21-3 538 536 557
8-1 571 594 575 22-1 601 579 571
8-2 555 586 577 581 22-2 563 569 584 578
8-3 597 608 565 22-3 569 602 560
9-1 573 5908 564 23-1 531 578 587
9-2 557 575 542 575 23-2 542 580 511 564
9-3 580 597 586 23-3 607 571 570
10-1 640 643 597 24-1 592 599 582
10-2 605 608 605 614 24-2 581 604 586 595
10-3 603 601 628 24-3 610 600 599
11-1 588 584 587 25-1 567 592 581
11-2 557 609 588 580 25-2 569 599 585 581
11-3 542 597 567 25-3 582 574 584
12-1 590 578 582 26-1 576 600 597
12-2 563 582 538 594 26-2 559 581 569 574
12-3 638 648 631 26-3 561 529 592
13-1 628 603 588 27-1 603 588 570
13-2 619 608 599 607 27-2 559 602 585 584
13-3 597 633 590 27-3 569 622 557
14-1 617 592 605
14-2 644 624 619 617
14-3 614 621 617

yapilan taslama sonrast enjektér gévde numunelerinin
taslanan alin yiizeyinde olgiilen sertliklerin ortalamasinin, 1sil islemli orijinal numune alin yiizeyinden
mesafeye (ag+a;+az) bagl olarak dagilimi Sekil 6’da verilmistir. Isil islemli orijinal ylizeyden itibaren
aynt mesafeler g6z 6niine alindiginda, 6l¢tlen bu sertliklerin hem beklenen araligin altinda kaldigi hem
de taslamanin 0,046 mm’lik kesme derinliginde ve yag sogutmali olarak yapildigt gercek tretim
prosesinde Ol¢tilen degerlerden genel itibariyle daha disiik oldugu goriilmektedir.
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Sekil 6. Yizeyi sertlestirilmis ve hazirlik amactyla alnt 0,03 mm derinlikte taslanmis enjektor
govde numunelerinin deneylerde kuru olarak taslanan alin yiizeylerinde Olgllen sertlik
degerlerinin  1s1l  iglemli orijinal numune alin yizeyinden mesafeye gbére dagillimi ve
tretimde yag ile yapilan taslama sonrasi Olciilen sertlikler ile karsilastirilmast

Numunelerin taglanan alin ytizeyi Nital 4 ¢6zeltisi ile daglanmistir. Daglanan yuzeyde taslama
yanigt olarak degerlendirilebilecek bir renk degisimine veya ytzey catlaklarina rastlanmamustir. Sertlik
distsiiniin, kuru taslama ile malzemenin maruz kaldig1 1s1 girdisinin yanik meydana getirmeye yetecek
diizeyde olmamasina ragmen ilave bir menevis etkisi ortaya ¢ikartarak ylizey mikroyapisinda degisime
yol agmasindan kaynaklandigt degerlendirilmistir.

Sementasyon ve menenisleme islemlerine tabi tutulmus orijinal enjektér gévde numunelerinin
alin yiizeyinden, hazirlik amagclt taslamanin derinligi ve deneylerdeki toplam kesme derinligi (ap+ax+ay)
kadar mesafede beklenen sertlik degerleri ile deney programina gore taslanmus ylzeylerde Olgtlen
sertlik degerlerinin ortalamast arasindaki fark olan AH degerleri Tablo 5’te verilmistir. Yiksek
degerlerde olmasi taslama yanigt olusum riskini yansitan AH degerleri icin Taguchi’nin “daha kiigiik -
daha iyi” performans karakteristigi esas alinmis; bu karakteristik icin hesaplanan Sinyal/Gurultu (S/N)
oranlart da Tablo 5’te verilmistirtir. Her parametre icin S/N oranlarinin grafiksel gosterimi ise Sekil
7’de yer almaktadir. Bu oranin maksimum degerine karsilik gelen seviye degeri ilgili parametrenin
optimumu olurken; maksimumu ve minimumu arasindaki fark, ilgili parametrenin sertlik distsiine
etki diizeyini ortaya koymaktadir.

Tablo 5. Enjektér govde numunelerinin taslanan alin ytizeylerinde 6lgiilen ortalama sertlik H
ile sl islemli orijinal numunelerin alin  ylzeyinden toplam taglama derinligi kadar
mesafede  (apta;ta;) beklenen sertlik Ho arasindaki farklar (AH = H¢-H) ve
Taguchi’nin ~ “daha  kicik - daha  iyi”  performans karakteristigine ~ gore
hesaplanan Sinyal/Girtltli oranlar
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Deney aptaita;  AH S/N Deney aptai+taz  AH S/N Deney aptaitaz AH S/N
No (mm) (HV0,3) Orani No (mm) (HV0,3) Orani No (mm) (HV0,3) Orani
1 0,060 110 -40,82 10 0,060 126 -42,00 19 0,060 154 -43,75
2 0,068 112 -40,98 11 0,068 152 -43,63 20 0,068 163 -44,24
3 0,076 108 -40,66 12 0,076 129 -42,21 21 0,076 161 -44,13
4 0,068 165 -44,34 13 0,068 125 -41,93 22 0,068 154 -43,75
5 0,076 143 -43,10 14 0,076 106 -40,50 23 0,076 159 -44,02
6 0,084 140 -42,92 15 0,084 137 -42,73 24 0,084 119 -41,51
7 0,076 137 -42,73 16 0,076 145 -43,22 25 0,076 142 -43,04
8 0,084 133 -42,47 17 0,084 140 -42,92 26 0,084 140 -42,92
9 0,092 128 -42,14 18 0,092 141 -42,98 27 0,092 119 -41,51

On ve Son

On Taglama- On Taglama- On Taglama- Son Taglama- Son Taglama- Son Taglama- Taglama-
Tagin Devir Kesme ilerleme Tasin Devir Kesme ilerleme Bekleme
Sayisi Derinligi (Dalma) Hizi Sayisi Derinligi (Dalma) Hizi Sareleri

-39,2 q

. SN (N AT N

-41,7

1000 3500 6000 0,015 0,023 0,031 32 65 98 500 2500 4500 0,015 0,023 0031 8 14 20 0,5 1,0 15

Sinyal/Guriiltii: Daha Kiiglik — Daha lyi

Sekil 7. Sertlik farkina yonelik olarak deney tasarimindaki her parametre igin
“daha kii¢lik — daha iyi” performans karakteristigine gére hesaplanan
Sinyal /Girtltli oranlarinin grafiksel gésterimi

Parametrelerin sertlik degisimindeki katki ytizdeleri de varyans analizi ile hesaplanmis olup,
grafiksel gosterimi de dogrular sekilde, en etkin parametrenin %58,8’lik katki ile son taglama adiminda
tasin devir sayist oldugu saptanmistir. Bunu, %018,9’luk katk: ile 6n taslama adiminda tasin devir sayist
izlemistir. Uglincii sirada %8,9 ile son taslama islemindeki iletleme (dalma) hiz1, dérdiincii sirada %6,3
ile son taslamadaki kesme derinligi, besinci sirada da %4,8 ile 6n taslamadaki ilerleme (dalma) hiz1 yer
almistir. Her iki taslama adiminin sonundaki bekleme streleri ve 6n taslama adimindaki kesme
derinliginin ise, sirastyla %1,3 ve %1,0 katk: oranlar1 ile son siralarda oldugu gorilmustir.

Mevcut turetim prosesindeki taglama parametreleri Tablo 6’da gorilmektedir. Hesaplanan S/N
oranlarina gore, taslama ile sertlik degisimi AH’yi minimize edecek optimal parametre seviyeleri ise
Tablo 7’de verilmistir. Optimal kosullardaki taglamanin, 1s1l islem sonrasi 0,03 mm derinlikte taglanmis
olan numunelere uygulandigy, taslamanin kuru olarak yapildigs ve taslama esnasinda is pargasinin 1500
dev/dak hiz ile tasin tersi yonde dondugu goz 6ntinde bulundurulmalidir.

Deney tasarimina gore belirlenen optimal taslama kosullarinin dogrulanmasi amaciyla 3 adet
enjektor gévde numunesi ile dogrulama testleri yapilmustir. Isil islemli bu orijinal gévdelerin alin yuzeyi,
deney tasariminda oldugu gibi 0,03 mm derinlikte taslandiktan sonra, Tablo 7°’de verilen optimal
kosullarda taglama deneyine tabi tutulmustur.
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Tablo 6. Mevcut enjektor govdesi tiretim prosesinde taslama parametrelerinin seviyeleri
(Sogutma sartlars: Yag ile taglama | Numunede taslama deneyinin baglangir: Isil iglemli orijinal aln
yiizeyinden itibaren | Numunenin diniis yonii ve hezz: Tagin tersi yonde ve 1500 dev/ dak)

On ve Son
OnTaslama- OnTaslama- OnTaslama- SonTaslama- SonTaslama- Son Taslama- Taslama-
Tasin Devir Kesme ilerleme Tasin Devir Kesme ilerleme Bekleme
Sayisi, Derinligi, (Dalma) Hizi, Sayisi, Derinligi, (Dalma) Hizi, Sireleri,
n:1 (dev/dak) a1 (mm) vy (um/s) n: (dev/dak) az (mm) vz (um/s) tp (s)
3500 0,023 65 2500 0,023 14 1

Tablo 7. Deney tasarimina gore sertlik diististinii minimize edecek optimal taslama kosullart
(Sogutma sartlars: Kuru taslama | Numunede taglama deneyinin baglangicr: Isil slemli orijinal aln yiizeyinden
0,03 mnt’lik mesafe | Numunenin doniis yonii ve hize: Tagin tersi yinde ve 1500 dev/ dak)

On ve Son
OnTaslama- OnTaslama- OnTaslama- SonTaslama- Son Taslama- Son Taslama- Taslama-
Tasgin Devir Kesme ilerleme Tasin Devir Kesme ilerleme Bekleme
Sayisi, Derinligi, (Dalma) Hizi, Sayisi, Derinligi, (Dalma) Hizi, Sureleri,
n (dev/dak) a; (mm) vy (umy/s) n; (dev/dak) a; (mm) vz (umy/s) t (8)
1000 0,015 32 500 0,031 14 0,5

Dogrulama testi sonrast taslanan ylizeyin 1sil islemli ortjinal numune yiizeyinden mesafesi 0,076
mm’ye ulasmis olup s6z konusu yiizeyde Nital 4 ¢ozeltisi ile yapilan daglama sonrast taglama yanigint
karakterize eden bir renk degisimine rastlanmamustir (Sekil 8).

Dogrulama testi sonrast numunelerin taslanmis alin yiizeyinde 3 noktadan yapilan 6lgcimlerde
sertlik degerleri 622-641 HV araliginda (ortalama 632 HV) saptanmus olup 1s1l islemli orijinal gdvdenin
alin yuzeyinden mesafeye gore sertligin dagilimi Sekil 9’da verilmistir. Taglanmis yiizeyde beklenen
sertlige gore fark: ifade eden AH degerinin s6z konusu derinlik (0,076 mm) i¢in 81-100 HV araliginda
(ortalama 90 HV) oldugu gortulmustiir. Buradaki sertlik disiisti, Taguchi deney tasarimina gore yapilan
taslama deneylerinde ortaya ¢tkan ve Tablo 5’te verilen ortalama AH degerlerinden kiictiktiir.

Mevcut enjektor govdesi tretim prosesindeki taglama operasyonlart yag sogutmali olarak ve
taslamaya 1s1l islemli orijinal enjektor govdesinin alin ylzeyinden baslanip (ap = 0) 6n ve son taglama
adimlarinda 0,023 mm’lik kesme derinligi verilerek (a;+a, = 0,046 mm) yapilmaktadir. Mevcut
prosesteki diger parametrelerin degeri Tablo 6’da verilmis olup taglanmus yiizeydeki sertlik degeri 660-
685 HV araliginda (ortalama 670 HV) ol¢tulmistur (Sekil 2, 6, 9). S6z konusu derinlikte (0,046 mm)
beklenen sertlikten farklilasmay: ifade eden AH degeri ise 61-88 HV arasindadir (ortalama 76 HV).
Sertlikteki dustisi minimize etmek icin Taguchi deney tasarimi ile yapilan optimizasyondan
faydalanilmistir.
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Sekil 8. Deney tasarimina gore belirlenen optimal kosullarda alni taslanmis enjektér govde
numunelerinin taglama ylzeyinin Nital 4 ¢6zeltisi ile yapilan daglama sonrasi gorinimu

(Sogutma sartlar:: Kuru taglama \ Numunede taslama deneyinin baslangics: Isil islemli orijinal aln yiizeyinden
0,03 mnt’lik mesafede \ Nummunenin diniis yonii ve heza: Tagin tersi yonde, 1500 dev/ dak)

900

® Mevcut Uretim Kosullari- Yag ile Taslama

850 1 A Taguchi L27 Deney Numuneleri- Kuru Taglama- Ortalama

Us
800 | Te-al _tsfm,— + Taguchi- Optimizasyon- Kuru Taglama
- O Yeni Uretim Kogullari- Yag ile Taglama
750
700
650
600
550

500

Vickers Sertlik Degeri (HVO0,3)

450

400

350
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35

Yiizeyden Uzaklik (mm)

Sekil 9. Deney tasarimindaki ve tiretim kosullarindaki sartlara gére optimize edilmis taslama
proses parametreleri ile enjektor govdelerinin  taglanmus  alin  yilizeylerinde Olgiilen  sertlik
degerlerinin 1s1l islemli orijinal gévde alin ylizeyinden mesafeye gore dagilimi

Isil islemli orijinal enjektér govde numunelerinin alin yiizeyinden itibaren 0,03 mm derinlikte
baslayan, kuru olarak gerceklestirilen, numunelerin tagin tersi yonde ve 1500 dev/dak hiz ile dondugi
taslama islemlerini kapsaminda, Taguchi deney tasarimina gére olusturulmus deney programina gore,
secilen parametreler icin belirtilen sartlarda saptanan optimal seviye degerleri (Tablo 7) gercek tiretim
kosullarina uyarlanmistir. Optimal kosullardaki toplam kesme derinligi, mevcut iretim prosesindeki
taslama islemindeki ile ayni (a;+a, = 0,046 mm) olmakla birlikte 6n ve son taslama adimlarindaki
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degerleri farklidir. Yeni tretim kosullarindaki taslama prosesi, mevcut tretim kosullarindaki gibi yag
ile gerceklestirilmis; taslamaya yine 1s1l islemli orijinal gévde alin yiizeyinden baslanmustir (ap = 0). Yeni
tretim kosullarindaki testler 3 adet numune ile yurttilmus; taslanan ytizeydeki 3 noktada sertlik 694-
715 HV araliginda (ortalama 705 HV) 6lctlmustir (Sekil 9). Bu da 31-52 HV araliginda (ortalama 41
HV) sertlik disisune karsilik gelmektedir. Taglanmis yiizeyin Nital 4 ¢ozeltisi ile daglanmasinda
taslama yanigint karakterize eden bir renk degisimine yine rastlanmamustir.

Boylelikle, yag ile taslama yapilan mevcut iiretim kosullarinda 61-88 HV araliginda olan sertlik
distsi, yapilan optimizasyon ile 31-52 HV araligina gerileyerek taslanmis ytizeydeki sertlik degeri alt
tolerans sinirindan uzaklasmistir. Enjektor gdvdesinin yeni tiretim kosullarinda da taglama operasyonu
yag ile yapilmakta olup beklenen sertlik degerine bir miktar daha yaklasmanin farklt bir sogutucu
akiskanla, 6rnegin su bazli bir emulsiyon ile mumkin olabilecegi 6ngorilmektedir. Buna karsilik,
trtiniin korozyon hassasiyeti nedeniyle taslama prosesi i¢in kullanilan 6zel yag disinda farklt bir
sogutma sivisinin se¢imi mimkiin olmadigindan, taslanan yuzeydeki sertlik dusiistine ragmen sertligin
sinirlar dahilinde kalmasi nedeniyle taslamanin yeni kosullar altinda stirdtrilmesi uygun géralmustir.

4.Sonug

Yiksek basinglarda ¢alistigt i¢in dizel motorlarda kritik bir bilesen olan ve bu nedenle tretim
prosesinde hassasiyet gerektiren enjektor govdesinin taslama operasyonu ve bu operasyonda taslama
yanigt olusum riski ele alinmistir. Gévde ylizeyi sementasyon ile sertlestirildikten ve menevisleme 1s1l
islemine tabi tutulduktan sonra yakit ¢ikis deliklerinin bulundugu alin yiizeyine ¢anak taslama islemi
uygulanmaktadir. Taslanan yiizeyde kalinti ¢ekme gerilmesi olusturarak gévdenin yapisal dayanimint
zayiflatan taslama yaniklart kesinlikle istenmemekte ve bunun bir gdstergesi olan sertlik degisiminin,
taslama derinliginde, 1s1l islemli orijinal gévde ylizeyinden itibaren mesafeye gore tanimlanmis sinirlar
dahilinde kalmast talep edilmektedir.

Enjektor govdesinin mevceut tiretim prosesinde, kaba asindirict taneli tasla 6n taslama ve ince
asindirict taneli tasla son taglama olarak iki kademede uygulanan ¢anak taslama isleminde, pargadaki
korozyon hassasiyetine de yanit veren 6zel bir yag kullanilarak sogutma saglanirken, taslanan alin
yuzeyindeki sertlik alt sinira yakin veya bu sinirin altinda (beklenen degerden ortalama 76 HV daha
distik degerde) Slculmektedir. Farkliligin nedeni, taslamada malzemenin maruz kaldigi 1s1 girdisinin
menevisli martenzit ve beynit yapida bulunan, karbonca zengin olan yiizeye yakin bolgede ilave bir
menevisleme etkisi saglamasina dayandirlmustir. Taslanan ytzey Nital 4 ¢ozeltisi ile daglandiginda
taslama yanigini karakterize eden herhangi bir renk degisimi gézlenmemesine ragmen ortaya ¢ikan
sertlik dustistinin, parcanin taslamada maruz kaldigi 1s1 girdisinden kaynaklandigi yorumlanmustir.
Olusan 1s1nin taglama yanigr meydana getirecek bir diizeyde olmamasina karsilik, bu yonde bir egilim
gelistirdigi degerlendirilmistir.

Taslama yaniginin tespiti icin nital daglama sonrasi yizeyin gorsel kontrold, kimyasal analiz,
mikroyap1 inceleme, mikro-sertlik dl¢imi, XRD, Eddy akimi testi, manyeto-elastik testler ve akustik
emisyon izleme gibi yontemlerden faydalanabilmekteyken; dustiik yik degeri (0,3 kgf) altinda Vickers
sertlik testi ve nital daglama sonrasi gorsel kontrol gibi, endustriyel ortamda uygulanmasi kolay iki
yontem ile enjektor govdesi taslama prosesinde taslama yanigt olusum riski irdelenmis; taslama
parametrelerinin bu olusuma etkisi arastirilmigtir.
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Enjektor govdest tiretim akisindaki taglama prosesi goz 6ntine alinarak ¢alismada toplam 7 adet
parametre ele alinmistir. Bunlar, 6n ve son taslama adimlarinda tasin devir sayist, kesme derinligi ve
ilerleme (dalma) hizi ile 6n ve son taslama adimlarindaki bekleme stireleridir. Her bir parametre igin 3
seviye belitlenmis ve Taguchi I.;7(3)" deney tasarimi ile ¢alisiimistir. Mevcut imalat prosesindeki gibi,
6n ve son taglama olarak iki adimda yapilan ve imalat prosesindeki gibi parganin tasin tersi yonde ve
prosesteki ayni devir sayistyla dondugi taslama deneylerinde, kontroli zor olan parametrelerin etkisini
minimize etmek icin, imalat kogullarindan farkli olarak sogutucu stvi kullanilmamis ve deneylere
hazirlik amaciyla numuneler alin ylizeyinden itibaren 0,03 mm derinlige kadar taglanmistir. Isil islemli
orijinal gévdelerin alnindan itibaren toplam taslama derinliginde beklenen sertlik degeri ile bu
derinlikte taslanan ylzeyde Olgtlen sertlik arasindaki fark, deneylerin sayisal c¢tktist olarak
degerlendirilmistir. Taslanan yuzeylerin Nital 4 ile daglanmast sonucunda taslama yanigina isaret eden
bulguya rastlanmamustir. Buna karsilik, deney tasarimindaki parametre seviye kombinasyonlarina baglt
olarak, taslama sonrasi sertlikte 106-163 HV arasinda azalma kaydedilmistir. Bu sertlik dusistnin,
mevcut Uretim prosesinde yagla yapilan taslama sonrasinda kaydedilen dististen daha fazla olmasi,
sertlik kaybina yol acan metalurjik dontisimlerin, kuru sartlarda parcanin maruz kaldigi daha ytksek
1s1 girdisine bagl olarak daha etkin hale gelmesine dayandirilmistir.

Yapilan varyans analizi, sertlik dusiisiinde en etkin parametrenin %058,8’lik katki ile son taslama
adiminda tasin devir sayist oldugunu géstermistir. Bunu, 6n taslama adiminda tasin devir sayist ve son
taslama adiminda ilerleme (dalma) hizi, sirastyla %18,9 ve %8,9’luk katkilarla izlemistir. Dérdinct
sirada %00,3’lik katkiyla son taslamadaki kesme derinligi, besinci sirada da %4,8’lik katk: ile 6n
taslamadaki ilerleme (dalma) hizt yer almistir. On taslamada kesme derinligi ve her iki taslama adiminin
sonundaki bekleme stirelerinin katkist ise %1,5’un altinda hesaplanmistir.

Sertlikteki dustisiin en az dizeyde olmast istendiginden “daha kiigiik — daha iyi” performans
kriteriyle her bir parametre icin hesaplanan Sinyal/Gurtltu oranlarina gore, sertlik diisiisinti minimize
edecek seviyeler belitflenmistir. Numune dénus yoni ve devir sayist ile taslamanin baslatildigi derinlik
deney tasarimi cergevesinde yuritilen deneyler ile ayni olmak tizere, yine kuru olarak yapilan
dogrulama testleri sonrast taglanan yuzeydeki sertlikler Ol¢tlmustiir. Isil islemli orijinal govde
yuzeyinden itibaren toplam taslama derinligi kadar mesafede beklenen sertlik degeri ile taslanmis alin
yuzeyinde Olgilen sertlik arasinda belirlenen ortalama 90 HV’lik farkin, deney tasarimi kapsaminda
yapilan deneyler icin kaydedilen sertlik dusislerinden az oldugu gorilmistiir. Dogrulama test
numunelerinin taslanan alin ytzeyi Nital 4 ¢ozeltisi ile daglandiginda, taslama yanigin1 karakterize eden
bir renk degisimi algilanmamustir.

Deney tasarimindaki kosullara gbre optimize edilen parametre seviyeleri, mevcut tretim
prosesinde yag sogutmali olarak yapilan, kesme derinliginin dogrudan 1sil islemli orijinal gdvdenin alin
yuzeyinden verildigi ve parcanin (devir sayist degismeden) tasin tersi yonde dondigi enjektér gévdesi
taslama operasyonuna uygulanmustir. Yeni taglama kosullarinda gergeklestirilen testlerde ise, taslanan
yuzeyde Olgilen sertlik, ayni derinlikte beklenen sertlikten ortalama 41 HV daha dusik olarak
kaydedilmistir. Optimizasyon ile sertlik farklilasmasinda ortalama 35 HV’lik bir iyilestirme saglanarak
mevcut Uretim kosullarinda taslanan ytizeyde 6lgtlen sertlik alt stnirdan uzaklastirilip giivenli bolgeye
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tasinmustir. Daha ileri dizeydeki bir iyilesmenin ise, sogutma stvist olarak yag yerine su bazli bir
emiilsiyonun kullanilmast ile saglanabilecegi degerlendirilmistir. Bununla birlikte, 1s1 transfer 6zellikleri
daha iyi bir taslama yagi gelistirilmedikge korozyon riski acisindan bunun zor olacagt gbrilmustur.
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Introduction

Microencapsulation of molecules is an eminent strategy for protection from harsh conditions.
This strategy sustains the stability of the molecule against degradation and solubility and is extensively
applicated in the pharmaceutics, drug delivery, cosmetics and food industry [1]. Sporopollenin exine
capsule (SEC) is the most robust structure in nature and extracted from the outer layer of the pollen
grain. With their stability, uniformity and including apertures that enable molecule loading, SECs are
recognized as a unique encapsulating material for drug delivery systems. They can pass through the
gut wall intact, then, is degraded by an enzyme in the blood [2]. The advantages of SECs over other
encapsulants involve their biocompatibility, uniformity in size and shape, characteristics of the surface,
structural and thermal stability and mucoadhesiveness [3].

Pistachia SECs were included in this study for their porous morphology. SECs were extracted
from pistachio pollen grains by the acidolysis method. The loading capacities of SECs with BSA were
tested by two methods. The results proved the effective loading of SECs.

Materials and methods
SEC Extraction

SECs were extracted from pistachio pollen grains by the acidolysis method. The pollen grains
were obtained from Gaziantep Pistachio Research Center. Twenty grams of pollen grains were
suspended in 200 mL acetone. The mixture was placed in an ultrasonic bath and sonicated at 60 °C,
45 kHz and 100% power for 30 min. The mixture was stirred at 60 °C for 30 min. Treated pollen
grains were divided into six 50 mL plastic tubes. The acetone was discarded and the samples were
washed three times with pure water by centrifuging at 9000 rpm for 15 min. The samples were
transferred to a clean 500 mL flask and 200 mL 6% KOH solution was added, then sonicated at 60
°C, 45 kHz and 100% power for 30 min. The mixture was stirred at 60 °C for 30 min. Treated pollen
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grains were divided into six 50 mL plastic tubes. The KOH was discarded and the samples were
washed twice with pure water by centrifuging at 9000 rpm for 15 min. The samples were transferred
to a clean 500 mL flask and 200 mL orthophosphoric acid was added, then sonicated at 70 °C, 45 kHz
and 100% for 30 min. The mixture was stirred at 70 °C for 30 min. Treated pollen grains were divided
into six 50 mL plastic tubes. The KOH was discarded and the samples were washed twice with pure
water and ones with ethanol by centrifuging at 9000 rpm for 15 min. Then the SECs were dried in an
oven at 60 °C.

BSA loading

The standard protein bovine serum albumin (BSA) was loaded into the SECs by passive and
centrifuge loading. A hundred milligrams SEC and 10 mg/mL BSA were put into a microcentrifuge
tube, vortexed for 10 min, then placed on to shaker for 1 hour for passive loading and centrifuged for
3 min at 12,000 rpm for centrifuge loading. Loaded samples were filtrated, rinsed with water, and

frozen overnight. Then, they dried at room temperature and stored at -20 °C for further analyses.
The loaded SECs were analyzed by TGA and FT-IR for their loading abilities.

Results
SEM images

The SEM images of raw pollen grains and the cross-section of SEC are shown in Fig. 1. The
cross-sectional image of pistachio SEC indicates that the inner elements were evacuated, the surface
was cleaned from fat and surface components.

Fig. 1. The SEM images of raw pistachio pollen in different magnitudes (a), and cross-sectional image
of pistachio SEC (b)
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Elemental analysis

The nitrogen content indicates the amount of protein. The protein content is important,
because, it is the source of allergic reactions. The content of carbon is found at 63.97%, hydrogen at
8.933% and nitrogen at 0.636%. 0.636% nitrogen content is acceptable and demonstrates successful
protein removal.

FT-IR spectrum

The amide and carboxyl picks indicate the presence of protein as well as BSA in the FT-IR
spectrum. The vertical lines represent protein picks, namely BSA. The absorbances of loaded SECs
are increased when compared with SEC indicating that BSA was loaded to the SECs (Fig 2).
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Fig. 2. The FT-IR spectrums of BSA (a), pistachio SEC (b), passive-loaded SEC (c), and centrifuge-
loaded SEC (d)

TGA analysis

The thermogram of BSA consists of two steps, whereas SEC includes three main mass loss
steps. The first mass loss step of BSA can be attributed to the phenol ring decomposition [4]. After
loading BSA, the mass loss steps of thermograms of loaded SECs increased to four in both loading
methods (Fig 3). The maximum decomposition and the higher thermal stability were recorded at 610
- 620 °C in SEC, and in BSA around at 600 °C. BSA shifted higher stability to 580 - 600 °C in loaded
SECs. The additional second and third steps in loaded SECs are attributed to carbohydrates, protein,
and fatty acids respectively [5], which is proof of BSA loading.
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Fig. 3. The thermograms of BSA (a), pistachio SEC (b), passive-loaded SEC (c), and centrifuge-loaded

SEC (d)

Conclusion

SECs are ecofriendly and cheap bio-templates for the use of multiple purposes. They carry a

tew advantages over other encapsulants with their nature, and the obtainability by nature-friendly and

cost-effective extraction methods. SECs are safe and suitable vehicles for drug delivery, and this study

indicates the loading capacities of SECs by passive and centrifuge-loading methods.
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Ozgiir Demir’

Girig

Savas gemilerini, ticari gemilerden ayiran en 6nemli 6zellik savas gemisinin silah sistemlerine
sahip olmasidir. Modern deniz savaslari, oldukc¢a gelismis silah sistemlerine sahip savas gemileri
arasinda yapilmaktadir. Su Usti savas gemileri, teknolojisi giinden giine hizla gelisen sensorler
tarafindan  yonlendirilen hava, su usti ve sualtt silahlarnin  tehdidi altinda  gorevlerini
surdirmektedirler. Su Ustl savas gemileri bahsedilen gorevlerini yerine getirmek amaciyla, karmagik
elektronik sistemlerle donatilmistir. Gemilerde yer alan elektronik silah ve sistemlerin fazla olmasi
tasarimct agisindan agirlik problemleri yaratmus ve yapisal agirlik anlaminda tasarruf ihtiyact dogmustur.
Bu sebeple eski savas gemilerindeki agir zirhlt plakalar rahatlikla kullanilamayarak, yeni ve efektif bir
yapisal tasarim anlayist benimsenmistir (Papanikolaou & Boulougouris, 2000).

Savas gemileri i¢in beka konusu, II. Dinya Savast sonrast ¢ok daha énemli bir hal almistir.
Ulke donanmalart artik bazi silahlarin savas gemileri icin ciddi bir tehdit oldugunu kabullenmisti.
Bunun 1s181nda savas gemisi tasarimlarinda defansif bir 6zellik olan beka kabiliyeti 6nemli yer edinmeye
baslamisti. Beka, savas gemilerinin tehditlere karst hasar almadan gérev yapabilmesi, isabet alip hasar
gordiginde de batmadan hayatta kalabilmesi yetenegi olarak tanimlanmaktadir (Ball & Calvano, 1994).

NATO tarafindan Ocak 2014’te savas gemilerinin beka kavrami t¢ terim altinda
degerlendirilmistir; tespit edilebilitlik (susceptibility), hasar gorebilitlik (vulnerability) ve kurtarilabilirlik
(recoverability) (Ataseven & Yilmaz, 2019). Bu tg¢ terim, beka sogant olarak adlandirilan kavramin
ardistk katmanlarini temsil etmektedir. Beka sogant anlayisinda ilk katman, tehdit tarafindan tespit
edilmeyi engellemektir. Engellenemediginde ikinci katman olarak hasar alindiginda yapisal olarak bunu
karsilayabilmek, direnebilmek gerektigi vurgulanmaktadir. Son katman ise hasar gordiikten sonra
platformun islevini kaybetmesinin 6nlenebilmesi, platformun hasar alan sistem ve yapisinin durumdan
kurtarilabilmesi olarak degerlendirilmektedir. Bu konseptin tamami savas gemisinin beka kabiliyetini
temsil etmektedir (Woolley vd., 2016).

Savas gemilerinin, ticari gemilerden farklt olarak, yiiksek koruma konseptinden kaynakli daha
fazla tehdide, dolayistyla daha fazla yik bilesenine maruz kalmasi beklenmektedir. Bu beklenti gemi
tasarimcilari tarafindan farklt bir yapisal tasarim anlayisi benimsenmesine yol agmaktadir. Tasarim

anlayisinin katt olmast, 6nemli bir yapisal eleman olan ve gemiyi bolmelere ayiran su gegirmez
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perdelerin sayisinin, savas gemilerinde daha fazla sayida konumlandirilmasina sebep olmaktadir
(Piperakis vd., 2012).

Savas gemilerinde bulunan su gecirmez perdelerin, yapisal tastyicilik ve bdlmelendirme
gorevlerinin yant sira patlamaya ve parcalanmaya dayanikli yapida olmasi gerekmektedir. Tek katmanli
elemanlarla desteklenmis panel yapist yaygin kullanim olarak karsimiza ¢tkacagr gibi, ¢ift katmanh
giiclendirilmis ve elemanlarla desteklenmis yapidaki perde uygulamalart da goérilmektedir. Bu perde
uygulamalari, patlama basinglarint yap: tizerinde dogru ileterek ve kendi bunyesinde séntmleyerek,
patlama etkilerinin diger kompartimanlara ulasmasini, orada bulunan 6nemli sistem ve ekipmanlarin
zarar gormesini engellemeyi hedeflemektedir (Hetherington & Smith, 2014).

May1n, torpido, sualtt bombasi vb. sualti patlayicilarin infilak etmesi sebebiyle bir sok dalgast
olusmakta ve su Usttiindeki savas gemilerine etki etmektedir. Bu nedenle yiiksek basinca dayanikli savas
gemisi yapilart tasarlanmast beklenmektedir. Savas gemilerinin tasarim agamasinda, sualti patlama
basinglarint ve yapinin bu ytklere dayanimini ¢ boyutlu simiilasyonlar ile goérebilmek mimkindir
(Sinha & Sarangdhar, 2008). Bu calismada, savas gemilerinde bulunan farkli tipte su gecirmez
perdelerin, sualtinda gerceklesen patlama yiiklerine karst yapisal optimizasyonu amaglanmustir. Sonlu
elemanlar yontemiyle, ampirik olarak hesaplanan sualt1 patlama basincinin perde yapisina zamana baglt
olarak uygulanmastyla perde uzerindeki etkileri incelenerek, savas gemilerindeki perde yapisini
belirlemek adina bir optimizasyon yaklasimi gelistirilmesi hedeflenmektedir.

Sualt1 Patlamalar

Sualti patlama dinamikleri olduk¢a karmasitk oldugundan gemi tasarimcilari igin endise
uyandirict bir olaydir. Su igerisinde belirli bir derinlige yerlestirilmis olan patlayicinin kimyasal reaksiyon
sonucu yiiksek basing ve sicaklikta gaz durumuna gegme olay1 sualt1 patlamast olarak tanimlanmaktadir.
Patlama ile patlayici icinde ve miiteakiben etrafinda yiiksek sicakliklar ile birlikte ¢ok yiiksek basinglar
olusmaktadir. Olusan basing patlayici etrafindaki gazdan suya gecerek patlayict geometrisine baglt
olarak ¢evredeki suya basing dalgasi seklinde ses hiziyla yayilir. Buna ilk sok dalgasi adi verilmektedir
(Shin, 2004). Patlama sonucunda olusan sok basincinin zamana bagl grafigi Sekil 1’de gosterilmistir.

Sekil 1
Sok Basmeinin Zamana Baglh Grafigi

S

Pressure(psi)

°|f

Time (sec)
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Not. Sualtinda meydana gelen patlama sonucunda meydana gelen maksimum basing ve zamana baglt
olarak azalim grafigidir (Kim & Shin, 2008).

Ik sok dalgasinin ardindan, patlama etkisiyle olusan ytksek sicaklikta gaz ve partikiil iceren
gaz baloncuk olusmaktadir. Suyun hidrostatik basinciyla kiyaslandiginda daha yiiksek basinca sahip gaz
baloncugunun ¢api hizla artmakta ve i¢ basinct yavas yavas dismektedir. Bu basing diistisiinden dolayz,
su basinci, kabarcik basincindan yiiksek seviyeye geldiginde bu defa baloncuk ¢api azalarak, i¢ basinct
artmaktadir. Suyun kabarcik icine dogru hareketi, gazin sikistirilabilir hale gelmesine kadar devam
etmektedir ve hareketin o andan itibaren aniden tersine donmesine neden olmaktadir. Baloncuk bu
hareketleri yaparken ayni zamanda, suyun kaldirma kuvveti etkisiyle de su yuzeyine dogru hareket
etmektedir. Baloncugun ¢apinin biytiytip kiigiilmesi hareketi ve dinamik basing degisimleri, baloncuk
su yizeyine ulasincaya kadar sirmektedir (Shin, 2004).

Sekil 2

Sualtr Patlamas:

Not. Amerikan donanmasina ait USS Arkansas gemisi yakininda meydana gelen sualti patlamast, 17
Mart 1982 (Szturomski, 2015)

Sualt1 Patlama Ampirik Basing Hesaplamalari

Sualti patlamasi sonucu olusan basing dalgasinin profili bircok arastirmaci tarafindan
tanimlanmistir. Arastirmacilar tarafindan gerceklestirilen sualti patlama testleri sonucunda kaydedilen
verilerden ampirik formiiller elde edilmistir. Zamana bagl olarak degisen sualti patlama basincin
hesaplamak i¢in gereken parametreler Tablo 1’de g6sterilmistir.
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Tablo 1

Sualtr Patlama Temel Parametreleri

Sembol Agiklama Birim
m Patlayic1 Kiitlesi kg
r Patlayicinin hedefe olan uzakligs m
0 Azalim sabiti ms
t Zaman ms

Not. Sualti patlamasinda meydana gelen basincin ampirik olarak hesaplanabilmesi i¢in gereken temel
parametrelerdir. (Kicinski & Szturomski, 2020)

Patlama senaryosunu kurabilmek i¢in 6ncelikle literatiirde yer alan bir patlayict belirlenmistir.
Sualt1 patlayicilart arasinda en yaygin kullanim alanina sahip olan deniz mayini, ilk kez Rus donanmast
tarafindan Kirim Savast (1853-1856) esnasinda kullanilmustir. Sekil 3’de gosterilen mayin ¢esitlerinden
sabit dip mayini (bottom fixed mine) olarak kullanilan, Rus Donanmast’na ait 750 kg TNT esdegerinde
Serpey mayini, patlayict olarak belirflenmistir (Szturomski, 2015). Patlama senaryosu Sekil 4’te
gOsterilmistir.

Sekil 3

Denizz Mayimnz Cegitler:

Not. (Szturomski, 2015)
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Sekil 4

Patlama Senaryosu

HAVA

- 20 m GEMI

r=4472m

SU

m= 750 kg
(TNT esdeger)

Sualt1 patlamasi ile olusan sok basincini tespit edebilmek maksadiyla literatirde de yer alan
testler yapilmis, patlayict miktari ile 6lgiim mesafesi arasindaki bagint tespit edilerek ampirik formiiller
olusturulmustur. Literattirde yer alan bazi formiller Tablo 2’de gosterilmistir. Calismada bu formiller
kullanilarak basing hesaplart yapilmus, nihai basing degerleri miiteakibinde degerlendirilerek karar
verilmistir.

Tablo 2

Ampirik Sualts Patlama Basine: Hesaplama Formiilleri

EZ“ Yazar, Yil Bastng “Ponsy ve P(1)” Azahfé,,sabiﬂ
1 R.H. Cole, 1948 Prax = 52.3 (?)1.13 P(t) = pmax_e%t 0.093%(1’”)422
2 W. Stiepanow, 1966 Prax = 52 (37"1)1.19 P(t) = Ppax. ed  0.073Ym (@)417
3 A. H. Keil, 1956 P(t) = K1. (ﬁ)m e
4 W. D. Reid, 1996 -0.17
W.D.Reid A.H.Keil Raj.&Nar. F.R. Ming 073 (%/f)

5 Raj. &Nar,, 2006 K1=5212 K1=14893 K1 =52.16 KI1=29.9
Al=1.18 Al=113 Al=1.13 Al=1.81
K2=0.092 K2=0.058 K2=0.058 K2=0.058
6 F.R.Ming, 2016  A2=0.185 A2=-0.22 A2=-022 A2=-022
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Noz. Alt1 adet yazar tarafindan gerceklestirilen sualt1 patlama testleri sonucunda olusturulan ampirik
basing ve parametrelerin formilleri verilmistir. K1, K2, A1 ve A2 patlayict ¢esidine gore degisen
katsayilardir (Cole & Weller, 1948), (Kicifiski & Szturomski, 2020), (Rajendran & Narasimhan, 2006), (Ming
vd., 2016).

Tablo 2’deki formiller dogrultusunda, Sekil 4’te verilen patlama senaryosundaki degerler
kullanilarak zamana bagli basing degerleri hesaplanmistir. Hesaplanan basing degerleri Tablo 3’te
verilmistir.

Tablo 3

Hesaplanan Zamana Badlt Basing Dederler

Zaman Basing (MPa)
(ms) R.H. Cole W. Stiepanow  A. H. Keil W.D.Ried  Raj. &Nar.  F.R. Ming
0,00 9,47 8,60 24,59 7,95 8,61 1,67
0,20 7,99 06,74 18,83 0,65 6,59 1,28
0,40 0,74 5,29 14,41 5,57 5,05 0,98
0,60 5,69 4,14 11,03 4,66 3,86 0,75
0,80 4,80 3,25 8,44 3,90 2,96 0,57
1,00 4,05 2,55 6,46 3,26 2,26 0,44
1,20 3,42 2,00 4,95 2,73 1,73 0,34
1,40 2,89 1,57 3,79 2,28 1,33 0,26
1,60 2,44 1,23 2,90 1,91 1,02 0,20
1,80 2,06 0,96 2,22 1,60 0,78 0,15
2,00 1,73 0,76 1,70 1,34 0,59 0,12

Alt1 farkli basing hesaplamasi elde edildiginden, calismada uygulanacak deger icin bir karar
verilmistir. ‘A.H. Keil” adli yazarin formilinden yapilan hesaplama sonucunda elde edilen basing
degerleri, diger basing degerlerine nazaran ¢ok yiksek oldugundan riskli oldugu degetlendirilmis ve
ihmal edilmistir. Kalan bes hesaplama degerleri icin aritmetik ortalama degerler alinarak, ¢alismanin
nihai basing degerleri (Tablo 4) olarak kabul edilmistir.
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Tablo 4
Calismada Kullanilan Nibai Zaman-Basing Dederler

Zaman (ms) 0,00 020 040 060 0,80 1,00 120 140 1,60 1,80 2,00

b > bl b b

Basing (MPa) 726 5,85 472 382 3,10 251 204 1,66 136 1,11 091

b b bl b b b

Sonlu Elemanlar Yontemi ile Yapisal Analiz

Sonlu elemanlar yontemi, karmasik muhendislik problemlerinde, butiinii pargalara ayirarak
¢6ziime ulasma prensibine dayanmaktadir. Sonlu eleman; biitiin yapinin ayrilan kiigiik pargast yani
bolgesidir. Ayrilan kigtk parcalara sayisal ag (mesh) adi verilmektedir. Bu sayisal aglara, yukleme
kosullar1 altinda nasil davranis sergileyecegini belirleyen malzeme bilgileri tanimlanarak, sayisal aglarin
yani yapinin yer degistirme, gerilme vb. analizleri yapilabilmektedir (Liu & Quek, 2003). Bu yéntem ilk
olarak 1950’li yillarda uzay alanindaki mithendislik calismalarinda kullanilmustir. Ilerleyen yillarda
teknolojinin gelismesiyle birlikte makine, gemi, insaat, ucak, atom vb. muhendislik alanlarinda da
kullanimi yayginlasmistir (Fish & Belytschko, 2007).

Onceki béliimlerde karart verilen nihai basing degetleri, sonlu elemanlar yéntemi vasitasiyla,
savas gemilerinde bulunan sizdirmaz perde yapilarina uygulanmistir. SE (sonlu elemanlar) uygulamast
igin bilgisayar destekli mithendislik (CAE) paket programi olan ANSYS kullanilmustir. Perde yapist
olarak ti¢ farkl alternatif yap1 tasarimi yapilmistir.

Gemilerde bulunan sizdirmaz perdeler, yapisal tastyicilik gorevlerinin yaninda gemiyi boyuna
boélmelere ayirarak, yaralanma ve akabinde bolmeye su dolmast durumunda, gemi stabilitesinin
kaybolmadan ytizme islevini gerceklestirmesini saglamaktir. Savas gemilerinde ise temel gorevlerinin
yani sira beka isteklerinden kaynakli olarak, sualt1 veya su tstiinde gergeklesebilecek patlamalara kars:
kendi yapist igerisinde séntileme yapmak, komsu mahallere bu patlama etkisinin iletilmesini 6nlemek
gibi gorevleri Ustlenmektedirler. Savas gemileri tasarlanirken, tim bu gorevleri gerceklestirebilecek,
tim yuklere dayanabilecek mukavemet acisindan en iyi sizdirmaz perde yapisinin tasarlanmast
hedeflenmektedir.

Yaygin kullanima sahip sizdirmaz perde yapisy, enine ve boyuna profil elemanlarla
giclendirilmis tek plaka seklindedir. Bazi savas gemilerinde bu yapidan farklt olarak, patlamaya ve
parcalanmaya daha dayanikl ¢ift katmanli perde uygulamalart bulunmaktadir (Hetherington & Smith,
1994).

Sonlu elemanlar yontemi ile yapisal analizi gerceklestirmek icin asamalar su sekildedir:
Yapilarin modellenmesi
Malzeme bilgisi tanimlanmasi
Eleman tipi belirlenmesi
Sayisal ag boyutu belirlenmesi ve sayisal ag olusturulmasi
Sinir kosulu tanimlanmast

O O O O O O

Yikleme kosullarinin tanimlanmast
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Modelleme

Tasarlanan ti¢ farkls tipte perde yapist “Yapi-17, “Yap1-2” ve “Yap1-3” olarak adlandirilmistir.
Yapi-1, tek katmandan olusan, boyuna ve enine olarak esit araliklarla profillerle giiclendirilmis olan
alternatiftir. Yapi-2, ¢ift katmanli arast profil elemanlarla giiclendirilmis olan alternatif olarak
belirlenmistir. Yapi-3 ise Yapi-2’ye ilave olarak ikinci katman ile giiverte arasina profillerin bastig
yerlere braket eleman yerlestirilmistir. Yapi-1’den baglaylp Yap1-3’e  kadar yapilan yapisal
tyilestirmelerin, aynt patlama ytklerine karst yapisal olarak verdigi tepkiler incelenerek mukavemetleri
kiyaslanmustir. Sekil 5, Sekil 6 ve Sekil 7’de t¢ farkls alternatif sizdirmaz perde yapisi gosterilmistir.

Sekil 5

Elemantarla Desteklenmis Tek Perde Y aprs: Y aps-1’

Detay-A
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Sekil 6

Elemanlarla Desteklenmis Cift Perde Y apist Y aps-2’

Sekil 7

Elemanlarla ve Braketlerle Destelenmis Cift Perde Y apist Y apr-3’

Detay-A
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Malzeme Bilgisi

DH-36 yapr ¢eligi, sertlik, korozyona dayanim, mukavemet ve islenebilirlik agisindan yiiksek
Ozelliklere sahip yiiksek mukavemetli yap1i geligi olarak denizcilik sektériinde ve diger yapisal
uygulamalarda kullanilmaktadir (Nemat-Nasser & Guo, 2003). Calismada kullanilan yapilara, dogrusal
olmayan malzeme mekanik 6zelliklerine sahip bilineer DH-36 malzeme 6zelligi tanimlanmistir.

Giunumiizde vyapilan yapt analizlerinin ¢ogu dogrusal elastik teori baz alinarak
gerceklestirilmektedir. Malzeme akma noktasinin tizerindeki gerilmeler i¢in dogrusal olmayan (elastik-
plastik) malzeme davranisi olmakta ve bu yiizden elastik teoriyle yapilan hesaplarin sonuglarinin
gercekligi tartistimaktadir. Hesap ve analizlerde dogrusal olmayan malzeme 6zellikleriyle yapilan yapi
analizlerinde gercek yapisal davranisa daha ¢ok yaklasilarak, daha emniyetli ve daha ekonomik yapilar
tasarlanabilmektedir (Damct, 2008).

Dogrusal olmayan malzemelere ait malzeme modeli olusturulurken bilineer malzeme
kanunundan faydalanilmistir. Bilineer malzeme modelinde, yiik altindaki malzeme, akma gerilmesine
ulasana kadar elastik bolgede elastisite modili dogrultusunda hareket etmektedir. Akma gerilmesi
noktasindan sonra malzeme plastik uzama davranist sergilemektedir ve tanjant modilid (Er)
tanimlanarak gerilmeye karsilik gelen uzama belitlenmektedir (Pelletier vd., 2000). Bilineer malzemeye

ait gerilme-gerinme grafigi Sekil 8’de gosterilmistir.

Sekil 8

Bilineer Malzeme Gerilme-Gerinme Grafigi

A

Er (GPa)

Stress o (MPa)

>
Strain £ (%) (b)

Not. ‘E elastisite modiili, ‘ET” plastik bolgedeki tanjant modiili, stress (gerilme) MPa birimi cinsinden,
strain (gerinme) % cinsinden verilmistir (Pelletier vd., 2000).
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Bilineer malzeme grafigi (Sekil 8) baz alinarak DH-36 mekanik malzeme 6zellikleri tanimlanmuis
ve calismada kullanilan malzeme modeli nihayetlendirilmistir. DH-36 geligine ait malzeme 6zellikleri
Tablo 5’te verilmistit.

Tablo 5
DH-36 Celigi Mekanik Malzeme Oellikleri
Elastisite Poisson Yosunluk Akma Kopma Tanjant
Malzeme Modila Orant (t/gnlim;; Dayanimi Dayanimi Moddlua
(N/mm?) (N/mm?) (N/mm?) (N/mm?)
DH-36 2.1x10° 0.28 7.85x10” 355 490 1450

Not. Dogrusal olmayan bilineer mekanik malzeme 6zellikleri verilmistir. Tanjant modiilii, malzemeye
ait plastik bolgedeki birim uzama icin gerekli gerilmeyi ifade etmektedir (Matmatch GmbH, t.y.).

Sinir Kosulu

Sizdirmaz perde yapilarinin yapisal davranisint dogru sekilde inceleyebilmek igin gemi kesiti
modellenmistir. Uygulanan sinir kosulu gemi kesitinin bas ve ki¢inda bulunan tim ¢izgi ve ylizey
elemanlarindan sabitlenmis, hareketleri kisitlanmistir (ALLDOF=0). Modele ait stnir kosulu Sekil 9°da
gOsterilmistir.

Sekil 9

Stnar Kogullar: (ALLDOF=0)

. Sabit Smur Kosulu
. Sabit Stur Kosulu 2

309



Ayaz, Mert& Demir, Ozgiir; Savag Gemilerindeki Su Gegirmez Perde Yapisinin Sualt1 Patlama Yiiklerine Karg1
Optimizasyonu

Sayisal Ag Boyutu

Analizi yapmadan Once, sayisal ag boyutunun sonuca etkisini incelemek agisindan sayisal ag
yakinsama ¢alismast yapilmistir. 250 mm, 175 mm ve 125 mm boyutlarindaki elemanlarla sayisal ag
olusturularak basit perde modeli tizerindeki sonuglar incelenmis ve gerilme degerleri %1-2 seviyesinde
yakinsadig1 i¢in, daha dustik saysal ag boyutu denemesi yapilmamis, 125 mm sayisal ag boyutuna karar
verilmistir. Yakinsama calismast sonuglart Tablo 6’da nihai karari verilen sayisal ag boyutuna sahip
modelin gorintisi Sekil 10°da gdsterilmistir.

Tablo 6

Sayisal Ag (Mesh) Boyutn Y akinsama Calismas: Gerilme Degerleri

Sayisal Ag Maksimum Von-Mises
Boyutu Gerilmesi
250 mm 424 MPa
175 mm 467 MPa
125 mm 475 MPa

Sekil 10

125 mm Sayisal Ag Boyutuna Sahip Model
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Eleman Tipi

Sonlu elemanlar analizi yapilacak yapilarin modelleri olusturulurken, tim ytzeyler icin kabuk
(shell) eleman kullandmustir. Kabuk elemanlara kalinlik tanimlamast yapilmistir. Yapilarin tamaminda,
perde kabuk elemanlarina 7 mm kalinlik atamasi yapilmistir. Perde tzerlerindeki boyuna ve enine
destek profil kabuk elemanlar: icin ise 6 mm kalinlik atanmugtir. Sinir kosulu yaratmak amaciyla
olusturulan diger tim gemi kesiti yapilar icin, muhtelif kalmnlklar atanmistir. Kalinlik atamalar
yapilirken ti¢ yapt i¢in de esit inceleme kosulu olusturmak hedeflenmistir. Modellenen yap: tizerinde
kabuk eleman ve kalinlik tanimlamast yapildiktan sonraki sayisal ag gériinimi Sekil 11°de temsili olarak
gosterilmistir.

Sekil 11

Kabuk Elemanin Kalinlk Goriiniimii

Yiikkleme Kosullari

Ampirik olarak hesaplanan sualt: patlama basinglar: Tablo 4’te verilmistir. Bu tabloda yer alan
basinglar, modelin rijit bolimlerine, yani derin elemanlarin ¢izgilerine, modeli alt kismindan
uygulanmistir. Tablo 4’teki basinglar sualti patlamasindan dolayt modelin alt bélimindeki alana
uygulanmasi gereken basinglardir. Direk olarak bu alana basing uygulandiginda plakanin desteksiz
kisimlarinda lokal yiiksek gerilmelerle karsilasmamak igin, alanin derin elemanlar bulunan cizgilerine
cizgi basinci (line pressure) uygulanmustir. Basing degeri, patlamanin maruz kalacagt sualtindaki alan
degeri ile carpilarak uygulanmasi gereken toplam kuvvet degeri hesaplanmis, daha sonra uygulanacak
cizgi (line) elemanlarin uzunlugu toplam kuvvete bolunerek ¢izgi basinct (N/mm) degetlerine
ulasilmistir. Modelde yiikleme kosulunun uygulandig: cizgiler Sekil 12’de gosterilmistir.
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Sekil 12

Patlama Basimcinin Etkidigi Alan ve Yiikleme Kosulu Uygnlanan Cizgi Elemanlar

SEM Analiz Sonuglari

Sonlu elemanlar analiz icin modelin hazirlanmasi  asamalarindan  6nceki  bélimde
bahsedilmistir. Analizin toplam stresi 2 (iki) milisaniye (ms) olacak sekilde basinglar tanimlanmustir.
Zamana baglt (transient) analiz yapilarak, dogrusal olmayan malzeme tanimlanmis perde yapist

tzerindeki von-mises gerilme dagilimi ve deformasyon sonuglari ¢ yapi i¢in gorseller ile gosterilmistir.
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Sekil 13

Yapr-1 Ugerindeki Zamana Baglh Von-Mises Gerilme Dagilimi (MPa)

Yapr-1 Uszerindeki Maksimmm Gerilme (MPa)

Sekil 14

A: Transient Structural
Equivalent Stress 36
Type: Equivalent (von-Mises) Stress - Top/Bottom

Unit: MPa

360,83 Max
320,74
280,64
240,55
20046
160,37
120,28
80,188
40,097
0,0061646 Min
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Sekil 15

Yap-1 Ugerindeki Maksimum Deformasyon (mm)

A: Transient Structural
Total Deformation 40
Type: Total Deformation
Unit: mm

11,41 Max

|| 10,143
88751
7.6077
6,3402

| 50728

38053
2,5379

I 1,2704
0,002995 Min

Yap-2 Uzerindeki Zamana Baglh Von-Mises Gerilme Dagilmi (MPa)

Sekil 16
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Sekil 17

Yap-2 Uzerindeki Maksimum Gerilme (MPa)

A: Transient Structural

Equivalent Stress 58

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: MPa

315,4 Max
. 280,36
— 24531
— 210,27

175,23
I 140,18
105,14

70,097
I 35,054
0,010218 Min

Sekil 18

Yapi-2 Uzerindeki Maksimum Deformasyon (mm)

A: Transient Structural
Total Deformation 41
Type: Total Deformation
Unit: mm

4,7236 Max
4,1988

3674

31493

2,6245

2,0997

1,5749

1,0502

0,52541
0,00063729 Min
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Sekil 19

Yapr-3 Ugerindeki Zamana Bagh Von-Mises Gerilme Dagilmi (MPa)

Sekil 20

Yapr-3 Uzerindeki Maksimum Gerilme (MPa)

A: Transient Structural

Equivalent Stress 59

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: MPa

281,3 Max
250,05
218,79
187,54
156,29
125,03
93,777
62,522
31,268
0,013919 Min
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Sekil 21

Yap-3 Ugerindeki Maksimum Deformasyon (mm)

A: Transient Structural
Total Deformation 58
Type: Total Deformation
Unit; mm

4,1085 Max
3,6521
3,1957
2,7393
2,2829
1,8265
1,3701
0,9137
04573
0,00089086 Min

Degerlendirme ve Gelecekte Yapilacak Calismalar

Savas gemilerinde bulunan ve t¢ farkl tipte tasarlanmus sizdirmaz perde yapilarinin, 750 kg
TNT esdegerinde patlayicinin, sualtt patlama senaryosu belirlenmis bir sekilde infilak etmesiyle
meydana gelen sok basincina karst dayanimlari, sonlu elemanlar yontemiyle ANSYS programinda
analiz edilerek karsilastirilmistir. Ug yapiya ait analizlerin nihai sonuglart Tablo 7’de verilmistir.

Tablo 7
Yapilar Uzerindeki Nibai Gerilme Sonuglar:

DH-36 Celigi

Maksimum VM Akma Dayanim

Gerilmesi (MPa)

(MPa)
Yapi-1 360,83
Yapi-2 3154 355
Yap1-3 281,3
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Sonuglardan anlasilacagi tizere Yapi-1 tlizerinde olusan maksimum gerilme 360,83 MPa,
malzeme akma dayaniminin tzerinde kalarak, elastik bolgeden plastik bolgeye gecis yapmaktadir.
Yapi-2’de yapilan elemanlarla glclendirilmis ¢ift katmanli perde iyilestirmesi, perde tzerindeki
maksimum gerilmeyi %15 oraninda dustirmektedir. Yapi-3’te ise ¢ift katmanli perdeye eklenen taban
braketleri detay1 Yapi-1’e oranla %28, Yap1-2’ye oranla %13 mukavemet iyilestirmesi saglamustir.

Yapilan ¢alismalar neticesinde, yiiksek sualti beka kabiliyeti beklentisi olan savas gemilerinde
Yapi-3 benzeri, enine ve boyuna elemanlarla giiclendirilmis ayni zamanda gliverteye braket detayr ile
baglanmis sizdirmaz perde yapist kullanilmasinin, tek katmanli elemanlarla desteklenmis perde yapist
kullanimina oranla, mukavemet agisindan daha avantajli olacagi sonucuna varilmistir. Savas gemisi
tasarimlarinda problem olabilecek agirlik kisitlart nedeniyle, yalnizca bazt 6nemli bélme sinirlarinda cift
katmanli sizdirmaz perde kullaniminin daha uygun olacagi degerlendirilmektedir.

Calismalarin 1s181inda, birka¢ bélmeden olusan daha biiyiik bir gemi kesiti modellenerek,
boélmeler Yapi-3 perdelerle sinirlandirilacak ve belirlenen patlama senaryosu dogrultusunda dinamik
patlama similasyonu, ALE (Arbitrary Lagrangian-Eulerian) metodu ile gerceklestirilecektir. Gergek
patlayict, su hacmi modeli ve gemi modeli ti¢ boyutlu olarak modellenerek gercek patlama ortami
kosullart bilgisayar ortaminda simulasyon programu ile temsil edilecek ve yapi tzerindeki davraniglar
incelenecektir. Ampirik olarak hesaplanan sualti patlama basing degerleri, ti¢ boyutlu ¢alismadaki
dinamik basing degerleriyle karsilastirlacaktir.
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Volatil Composition of Ginger (Zingiber Officinale) in Relation to Different
Cultivation Practices

Bala Mimoza
Bugjar Seitf’
Dritan Top?

Introduction

Z. officinale Roscoe (Zingiberaceae), commonly known as ginger, is a flowering plant with
root named ginger, widely used as a spice or a folk medicine. The plant is indigenous to South
China (Mbaveng & Kuete, 2017). Ginger is a rhizomatous plant grown throughout South-eastern
Asia, China and in parts of Japan, Australia, Latin America, Jamaica and Africa. Ginger has been
used as a spice and medicine in India and China since ancient times (Kaufman, 2016).

Z. officinale has been used since ancient times in Ayurvedic and traditional Chinese
medicine to treat a wide range of ailments including common cold, fever, sore throat, pain,
rheumatism, bronchitis, as a carminative and appetite stimulant, antipyretic, for digestive
problems, gastrointestinal disorders, nausea and vomiting associated with motion sickness and
pregnancy, and abdominal spasm (Baliga et al., 2013).

Z. officinale is a perennial, herbaceous plant that grows up to a height of about 1 m. The
leaves develop from the branched rhizome and the flowers, which resemble the orchids, are
inconspicuous and occur in a dense spike, consisting of several overlapping scales on an elongated
stalk (Mbaveng & Kuete, 2017).

Chemical composition

Ginger rhizome contains about 1-3.5% essential oil following steam distillation
(Govindarajan, 1982). Chemical composition of the essential oils contains a mixture of zingerone,
shogaols, gingerols and volatile oils are responsible for its characteristic odor and flavor. The
major pungent compounds in ginger are gingerols, particularly 6-gingerol. Other constituents
include, capsaicin, gingediol, galanolactone, gingesulfonic acid, galactosylglycerols,
gingerglycolipids, diarylheptanoids, neral, monoacyldi-vitamins, and phytosterols (Chrubasik,
Pittler & Roufogalis, 2005).
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Use and application in food

Ginger is widely used in a variety of foods because of its nutritional composition and
flavoring compounds. Ginger rhizomes are a rich source of carbohydrates, vitamins, minerals, and
iron (Azeez & Lunghar, 2021). Ginger oil has been reported to possess antimicrobial effects on
food pathogens Staphylococcus aureus, Bacillus cereus, and Listeria monocytogenes, with a
minimum concentration of 6.25 pg/mL to inhibit B. cereus and L. monocytogenes (Natta et al.,
2008).

Scientific studies have shown that ginger oil was effective in inhibiting hydrogen peroxide-
induced oxidative damage, by inhibiting the free radical damage, preventing rancidity, and
increasing the shelf life of food (Lu et al., 2003).

Pharmacological activity

Ginger is consumed worldwide as a spice and for its therapeutic properties. Medicinal
plants such as herbs and spices play a vital role in treating pathologies associated with
inflammatory reactions (Azeez & Lunghar, 2021). The plant has a number of chemicals
responsible for its various medicinal properties, such as antiarthritis, antiinflammatory,
antidiabetic, antibacterial, antifungal, anticancer effects (Mbaveng & Kuete, 2017).

Methods and reagents

Plant material of the fresh rhizomes (1000 g) of ginger plant were purchased by local
market. Isolation of essential oil were achieved by using ground fresh ginger (300g) rhizomes with
steam distillation apparatus for 6 hrs. The oils were dried over anhydrous Na>SO4 and analysed by
GC-MS. The oil yields were 2.2+0.02% in fresh ginger. Experiments were carried out in triplicate
and average was taken.

GC-MS analyses

GC-MS analyses were carried out in a GC-MS (Thermo Scientific Co.). A 30 m capillary
silicon column was used for the analysis. Temperature programming conditions were as follows,
85° -220°C, rate at the rate of 4°C per min, hold at 85°C for 1 min, hold at 220°C for 20 min,
column start temperature 85°C, injection temperature 230°C, carrier gas Helium, flow rate of 1
ml/min, split ratio 1:50.
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Results and discussions

Ginger (Zingiber officinale) is not produced in Albania. Imported 100%. Used as a plant
for medicinal purposes and as a food additive (in the form of kitchen spices). Imported mainly

from Egypt and India. Consumption about 10 - 12 tons / year.

Table 1: Table 1: Percentage chemical composition of ginger oils (%)

Component Organic ginger (%) Conventional ginger (%)
(E)-nerolidol 1.4 1.2
(Z,E)-farnesol 0.6 0.4
1,8 —cineole 2.4 2.8
6-methyl-5-hepten-2-one 0.9 11
a-curcumene 5.6 6.1
Borneol 1.2 0.9
Bornyl acetate 0.2 0.3
Camphene 4.0 3.6
Camphor 0.2 0.3
Decanal 0.3 0.1
Elemol 1.2 1.1
Geranial 8.5 9.7
Geraniol 1.8 1.2
Geranyl acetate 0.1 0.2
Germacrene 1.3 1.5
Heptanol 0.2 0.1
Limonene 1.9 2.5
Menthone 0.2 0.3
Neral 1.8 1.2
Nerol 0.4 0.4
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Sabinene 3.0 3.2
Terpinen-4-ol 0.2 0.3
Zingerone 0.6 0.7
Zingiberene 28.6 29.0
a-bergamotene 1.3 1.4
a-eudesmol 1.4 1.2
a-murrolol 0.2 0.2
o-muurolene 1.0 11
a-pinene 0.1 0.1
a-terpineol 1.3 1.1
B-bisabolene 5.8 5.6
B-bisabolol 0.3 0.3
B-elemene 0.4 0.6
B-pinene 1.6 1.7
B-sesquiphellandrene 2.5 2.3
y- terpinene 0.8 0.9
y-eudesmol 0.5 0.3
y-muurolene 1.2 14
d-cadinene 2.2 2.3
o-elemene 0.5 0.8

In samples of fresh Australian ginger, 6-gingerol was the major pungent phenolic
compound, while 8-gingerol and 10-gingerol were present in lower concentrations. The mean
concentration of these three gingerol compounds in fresh ginger rhizomes were 215 + 54 pg/g, 75

+ 31 pg/g, and 73 £ 26 pg/g, respectively (Wohlmuth et al, 2005).
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Organoleptic characterization and microbiological safety

Comparison of color to the product was evaluated according to the spectrophotometry
method. The rhizomes’ color resulted dark grey. Regarding the aroma and taste was found as
typical sweetish, soft/spicy, and warm bitterish.

The microbiological status of the ginger rhizomes indicators included yeast and molds (< 1000
cfu/g), Escherichia coli (negative) and Salmonella spp. (absent).

Nutritional value

Analysis of the main ingredients are presented in the Table 2. There is found that values
on primary metabolites are comparable. Regarding to the microelements, the amounts of potassium
was found the highest for both types of gingers samples. In conclusion these spices used as food
additive, constitutes an important source of primary metabolites. Also, it is an important source of
magnesium and potassium.

Table 2: Main ingredients and microelement present in ginger rhizome

Main ingredients Organic ginger (%) | Conventional ginger
(%)
Water 9.38% 9.42%
Carbohydrates 50.5% 51.1%
Fats 5.95% 5.83%
Calories 347 kcal/100g 347 kcal/100g
Vitamin C 7mg/100g 7.3mg/100g
Sugar 3.39 mg/100g 3.47 mg/100g
Protein 9.12% 9.15%
Fiber 12.5% 12.3%
Microelements Quantity (mg/100g) | Quantity (mg/100g)
Iron 11.52 11.34
Calcium 116 120
Sodium 32 35
Potassium 1343 1376
Magnesium 184 167
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Conclusions

Ginger (Zingiber officinale), rhizomes analysis concluded that samples of both agricultural
practices, according to the certificate of origin show similar chemical composition,
microbiological safety, nutritional values.

The major constituents that ginger contains includes carbohydrates were found in the
interval 50.5-51.1%), lipids, 5.83-5.95%, and proteins 9.12-9.15%. Analysed microelements iron,
calcium, potassium and magnesium were found in most significant values. GC-MS analysis of the
volatile oils extracted in 1.5 - 1.7 % per dry weight. Fresh ginger oil had more oxygenated
compounds (27.9%).
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Gideros Koyu (Cide-Kastamonu) Kiyi Peyzaj Tasarim Projesi
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Omer Liitfii Corbacr’

Girig

Karasal ve denizel ekosistemler arasindaki gecis alani olarak tanimlanan  kiy1

ckosistemleri, hem kara hem de deniz canblart igin yasam ortamt sunmaktadir. Kiyilar,
sahip olduklart dogal ve kiltirel kaynak degerleri, iklim, jeoloji, hidroloji, flora ve fauna
gibi ¢ok sayida etkene bagl olarak degisiklik ve cesitlilik gésterse de, bu 6zellikleri ile hem ekolojik
hem de kdltiirel actdan 6nemli peyzaj alanlart arasinda yer almaktadir (Garipagaoglu vd., 2014).
Son yillarda, kiyilarin bir hizmet alani olarak algilanist degisime ugramis ve kiyilar sadece bir ¢alisma
alani degil, aynt zamanda yasama alani olarak gérilmeye baslanmistir. Bulunduklart alanlara estetik
acidan deger kazandiran kiyilar; kullanicilarina canlilik verir, yasam kalitelerini arttirir ve manzaralara
stireklilik katarlar. Insanlarin psikolojik agidan huzur buldugu su kiyilart sosyallesme icin en ideal ortami
sunar. Ylzme, su spotlari, balik tutma, dinlenme, eglenme, 6grenme, seyir ve fotograf cekme gibi cesitli
rekreatif olanaklara sahip olan kiyidar turizm agisindan da oldukga tercih edilen alanlar arasinda
bulunmaktadir (Giineroglu, 2017).

Kiyilart yeniden canlandirmada ve bu alanlart kentin daha canli bir pargast haline getirmede
peyzaj tasarim projeleri etkili olmaktadir. Insanlar icin mekanlarin yaratilmast yeniden yapilandirma ve
1slah etmenin en gerekli 6gelerinden biridir. Peyzaj tasarim projeleri mekan kurucu ve diizenleyici
yaklagimlarla koruma ile kullanim arasindaki dengeyi kurmaktadir. Bu kapsamda ¢evresel degerler her
durumda 6nemli ve 6ncelikli olmaktadir.

Kiyilarin rekreasyonel alanlar olarak kullanilmasi, kentlerin imajini, karakterini ve yasam
kalitesini iyilestirecek gelismelere yonelik ¢cok sayida firsat sunar. Bu baslangicla birlikte kiyt diizenleme
projelerinde artis olmus ve bu projelerin 6nemi artmustir. Ciinkd kiyi projeleri, bir alan igin yeni bir
anlam ve kimlik yaratmayi icermektedir. Ancak, streklilik ile gegmis arasindaki dengeyi saglamak
onemlidir.

Kiy1 alanlarinin rekreasyonel amagla kamusal kullanima yonelik alternatif sunmasi bu alanlar

daha Onemli hale getirmektedir. Bu alanlarda gerceklestirilen sosyal kullanimlar alana gorsel ve

1 Bartin Universitesi, Mithendislik Mimarlik ve Tasarim Fakiiltesi Peyzaj Mimarlig1 Bélimii, Bartin, Tiirkiye,
nkocan@bartin.edu.tr

2 Bartin Universitesi, Mithendislik Mimarlik ve Tasartm Fakiltesi Peyzaj Mimarligi Bolimi, Bartin, Turkiye,
zetugce@gmail.com

3 Recep Tayyip Erdogan Universitesi, Mithendislik ve Mimarlik Fakiiltesi Peyzaj Mimarligi Béliimii, Rize, Tirkiye,
ometlutfu.corbaci@erdogan.edu.tr
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sembolik anlamlar yiiklemekten daha fazla anlama gelmektedir. Iyi tasarlanmis kentsel kiyt duyusal
deneyimi arttirmaktadir ve ¢evrenin dogal ilgi ceken 6zelliklerini gelistirmektedir.

Her su birimi farkli mekansal form ve karaktere sahiptir ve bu kiytya 6zgti bir durumu
gostermektedir. Kiy1 tasarlanirken, kiyinin sadece icinden gegcilen bir mekan olarak degil ayni zamanda
bir varis yeri olarak rolii vurgulanmalidir. Tyi bir kiy1 tasartmi hem gekici ve hem esnektir. Tek bir amag
cercevesinde tasarlama yapilmamalidir; bunun yerine, iyi kiyt tasarimi amaglarin ve anlamlarin
cesitliligini arastirmalidir ve mekanin degismesine, uyum saglamasina ve zamanla deger kazanmasina
imkan tanimalidir.

Materyal-Yontem

Calisma alani Kastamonu ili Cide ilgesine bagli Gideros koyudur. Calismada 6ncelikle konuya
ve calisma alanina iligkin literatiir taramasi yapdmistir. Daha sonra ¢alisma alaninda yerinde yapilan
gozlem ve incelemelerle alandaki sorunlar tespit edilmis ve ihtiyaglar belirlenmistir. Soérvey
calismasindan sonra alanin mevcut durumu ile sahip oldugu potansiyeller degerlendirilerek 6neri tig
peyzaj tasarim projesi olusturulmustur. Projelerde temelde ayni ihtiyaglar dogrultusunda alan kullanim
kararlar1 ve tasarim ilkelerine gore belirlenmis farkli kullanimlar eklenmistir. Projelerde 6ncelikle
master plan ile kullanimlarin alan secimleri yapidmustir. Ana ulagim akst dustntlerek ihtiyag
programinda belirlenen kullanimlar arast baglantilar kurulmustur. Daha sonra eskiz calismalart
yapilarak el ¢izimi ile tasarim alternatifleri Giretilmistir. Kesinlik kazanan proje ¢izgileri AutoCad 2018
programi kullanilarak bilgisayar ortamina aktarilmistir. Projenin nihai hali, SketchUp 2017 ve Lumion
6 yazilimiyla modellenmis ve projenin ti¢ boyutlu gorselleri elde edilmistir.

Bulgular
Calisma Alani Dogal ve Kiiltiirel Peyzaj Ozellikleri

Kastamonu ili Batt Karadeniz bolgesinde 41° 21" kuzey enlemi ile 33° 46' dogu boylamlari
arasinda yer alir. Ilin kuzeyinde Batt Karadeniz Daglart bulunmaktadir (KKTB, 2021). Cide, Kastamonu
iline bagly, il merkezine uzakligt 135 km olan bir il¢edir (Zeyrek, 2021).
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Sekil 1. Calisma alan1 konumu (Anonim, 2021).
Bartin ili Kurucasile ilgesine ise 28 km uzaklikta yer almaktadir. Bu nedenle ilcenin ekonomik ve sosyal

GANKIRI

baglantilari Bartin iliyle daha fazladir. Bartin-Sinop Karayolu tizerinde yer alan ve 103 km. uzunlugunda
bir kiy1 seridi ile Karadeniz’e agilan Cide, kuzeyde Karadeniz, doguda Doganyurt, giineyde Senpazar
ve Pinarbast, batida Bartin ilinin Ulus ve Kurucasile ilgeleri ile cevrilidir. Bartin ile Kastamonu
arasindaki ulasim 1968 yilina kadar deniz yoluyla yapilmistir. Dolayisiyla iki kent arasinda bulunan
kiyilar ve koylar tarihin her déneminde 6nemli olmustur (K'TB, 2021).

Ilgede Bati Karadeniz iklimi hiikiim siirer. Yilllk m*ye diisen ortalama yagis miktar1 1.088,3
kg’dir. Yillik sicaklik ortalamast 14,5°C°dir. Ortalama rizgar hizt 4,9 m/sec olup hakim yon gliney batt
ruzgarlardir. Tlcenin %70’1 ormanlarla kaplidir. Baslica agag tiirleri: kayin, koknar, giirgen, mese, cam
ve kestanedir (KTB, 2021).

Cide, tarih boyunca ipek yolu tizerinde 6nemli bir liman olma 6zelligini sirdirmus, Osmanli
Imparatorlugu déneminde de bir liman olarak énem kazanmustir (KB, 2021). Cide niifusu 2020 yilt
verilerine gore 21.919’dur (TUIK, 2021). Ekonomik nedenlerden dolayt uzun yillardan beri ilce
genelinde yasanan go¢ sonucu, ilge niifusu merkezde ve kéylerde stirekli azalmaktadir. Disarida yasayan
insanlarin ilgede yasayan akrabalariyla sosyal ve ekonomik yonden ¢ok siki iligkileri mevcuttur. Yaz
doneminde il¢e niifusunda artis gérilmektedir verilere gére niifusun %77’si ilge disinda yasamaktadir
(KTB, 2021).

Cide ilgesinin turizm agisindan iyi bir potansiyele sahip oldugu aciktir. Gideros koyu, Ilgarini
Magarast, Valla Kanyonu gibi doga harikalarina sahip Cide’de turistik tanitim ve altyapinin
gelistirilmesiyle bolge ekonomisine buyiik katk: saglayabilecektir. Ayrica Cide’de yerel halk kiltirinden
otantik kiyafetler ve “Sart Yazma” ziyaretcilerin ilgisini cekmektedir. Ilcede her yil yapilan Rifat Tlgaz
kultir sanat ve sart yazma senlikleri ilge turizmini hareketlendirici etkenlerdir (K'TB, 2021).

Peyzaj Tasarim Projesi
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Gideros bitki Ortiisti ve deniz varhigy ile dogal giizellige sahip korunan bir alandir. Gideros dogal
koya sahiptir. Alan ziyaretcilerin merak ettigi mekanlarin olusturuldugu, yil boyu rahatlikla
kullanilabilecek bir alana doniistirtilmek istenmistir. Proje ile alanin dogal glizelligini bir¢ok insanin
gbrmesi ve yasamasi saglanacaktir. Bu sekilde bolge ekonomisine de katk: saglanacak dogal kaynaklar
korunup kullanilacaktir.

Alan mevcut durumda ¢ogunlukla Bartin ve Kastamonu’dan gelen ziyaretgiler tarafindan
kullanilmaktadir. Alanda mevcut durumda sadece yazin faaliyet yapan derme ¢atma bir restoran-kafe
isletmesi bulunmaktadir. Alanda kullanimlar olmamasi insanlarin aktif olarak kullanamamast demektir.
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Sekil 2. Cah§ma alamncian gériiniimler

Oneri Proje 1

Ihtiyag listesi: Otopark, teras, konaklama alan, iskele, butik otel, meydan, oyun alani, ¢im
amfi, cam teras, mesire alant, oturma alani.

Gideros kiyisitna batt yonunden girildiginde 7 araglik bir otopark konumlandirilmistir.
Otoparkin 1 metre altinda egimden faydalanilarak ahsap bir teras olusturulmustur. Alanda kiytya dogru
inen yol boyunca insanlarin ytrtrken ihtiya¢ duyabilecegi 3 adet dinlenme noktast konumlandirilmustir.
Yolun kiytya indigi yerde araclarin rahat donmeleri icin bir kavsak tasarlanmistir. Bu kavsak bir
meydanla birleserek bir biitinliik olusturmaktadir. Meydanda bir adet restoran bulunmaktadir. Meydan
ile kiyr arasinda 1 adet iskele ve teras tasarlanmustir. Meydandan ¢tkan orman igi yurtyus yollar
ormanin i¢inde konumlandirilmis bungalovlara ve ahsap terasa ulasmaktadir. Ahsap yol ve teraslar
Gideros kiy1st boyunca devam edip mevcutta birbiriyle baglantist bulunmayan dogu ve bat1 yamaglarini
birbirine baglamaktadir. Bu sekilde dogu yontine ulasan iskele ve yollarla denize baglanti saglanmustir.
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Sekil 3. Oneri proje 1’den gorintimler

Oneri Proje 2
Ihtiyag listesi: Otopark, ¢im amfi, restoran, aktif rekreasyon alani, kamping alani, gay bahcesi ve
kafeterya, yiizen sahne.

Alanda egimin fazla olmast nedeniyle kot farki teraslama ile ¢6ztlmustir. Alana giristeki duzlik
bolim 20 araglik otopark olarak tasarlanmistir. Egimin oldugu yerde ise teraslayarak 30 araglik daha
otopark alant kazanilmistir. Alana giriste otoparkin yaninda ve en tepede olmasi nedeniyle ¢ay bahgesi
ve kafe konumlandirlmistir. Sahile gecis egimli kiip tas désemeli yoldan saglanacaktir. Otoparkin
yanindan verilen gecis alaninda kot farkiyla olusturulan her iki kademede bir bungalov yerlestirilmistir.
Boylece konaklama alani ¢6zimu saglanirken kullanicilar igin alan goriisi kapatilmamustir. Bungalov
¢im amfilere baglanmis, buradan yol devam ederek sahile gecis saglanmistir. Cim amfi sahneyi
seyredebilmek amaciyla tasarlanmustir.  Bununla  birlikte alanin  yukart  kisminda restoran
dustinilmistiir. Sahilde deniz turu i¢in marina tasarlanmistir. Yaya iskelesi ve ylizen sahne ile denizde
konser ve programlarin yapilabilecegi mekanlar olusturulmustur. Yizen sahne ile alanda gekici bir
ortam olusturulmak istenmistir. Farkli zemin kaplamast tasarlanmis meydan olusturulmustur. Meydan
trekking yoluna baglanmis boylece Gideros kiyist boyunca devam eden dogal orman igi yollar
olusturulmustur.
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Sekil 4. Oneri proje 2’den goriiniimler
Oneri Proje 3

Ihtiyag listesi: Otopark, mesire alani, ¢im amfi, oyun parkuru, restoran, yiizen sahne, meydan, teras,
dinlenme ve konaklama alani.

Gideros dogalligin 6n planda oldugu bir alan oldugu i¢in projede alanin kimligine uygun dogal
kullanim alanlari olusturmak hedeflenmistir. Alana giris dogu ve batt yonlerinden saglanmaktadir.
Alana giriste 20 araglik otopark tasarlanmistir. Mevcutta yer alan yarim kalmis kaldirim yol boyunca
devam ettirilmistir. Alana bati kismindan girildiginde seyir noktast olusturmast i¢in ¢im amfi
distntlmistir. Yol iizerinde mesire alani ve oyun alanlart olusturulmustur. Kiyida yeme-i¢me alanlari
tasarlanmustir. Kiy1 boyunca devam eden ahsap teras dustintilmustiir. Bu alan yiriyis ve seyir amacl
kullanilacaktir. Restoranlarin 6niinde iskele ve ylizen sahne yer almistir. Alana dogu kismindan giris
sagladigimizda mevcutta yer alan cami ve ¢evresi meydan olarak dizenlenmistir. Meydanin altinda
diger uctan gelen yolla bitlesen ahsap bir teras tasarlanmistir. Bu terasin tzerinde farkli yesil alanlar
olusturulmus ve terasin yanina manzarayt gorebilen bir amfi yerlestirilmistir. Kiyida planlanmis olan
trekking rotast ile alanin dogu ve bat1 kisminin birbiri ile baglantist kurulmustur.
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Sekil 5. Oneri proje 3’den goriiniimler

Sonug ve Oneriler

Bu calisma ile insanlarin dogayla etkilesime girebilecegi ve doganin degerini yeniden
degerlendirebilecegi potansiyel bir alan kazanilmistir. Bu kapsamda projelerde dogal giizelliklerin geri
planda kalmasini engellemek, sahili ve denizi korumak, insanlart davet edici kullanimlar getirmek tizere
alanlar tasarlanmistir.

Onerilen tiim projelerde yapisal kullanimlar alanin sahip oldugu dogal manzarayi rahatsiz
etmeyen, hizmetleri iyilestiren bicimdedir. Bu sekilde dogaya saygili ¢éziimler Onerilmistir. Tdm
projelerde erisim alanlari, dolasim alanlart gibi arazi kullanimlar yeniden dizenlenmistir. Malzemeler
kiyt alaninin dogal kosullarina uygun secilmistir. Alanin mevcut durumda bitki ortiist yeterli oldugu
icin yeni bir bitki rekabeti olusturmamak icin bitki ¢esitliligine yer verilmemistir.

Alanin fazla egimli olmasi nedeniyle projelerde egimler, kademeli alanlar olusturularak
¢oziimlenmistir. Ayni zamanda kotlarin yiikseldigi yerlerde dinlenme amacli sahanlik alanlar
olusturulmustur. Bu alanlarda deniz ve orman manzarasinin seyri saglanmistir.
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Proje alanin peyzaj kimligini koruma ve giliclendirmede etkili olmustur. Gideros Koyu igin
gelistirilen peyzaj tasarim projeleri ile genel olarak ziyaretciler icin temiz ve givenilir mekanlar
olusturulmustur. Cay bahgeleri, spor alanlar, piknik alanlari, ytriyts parkurlart gibi ortak kullanim
alanlarinin artirldmast ile insanlarin gintbirlik veya kisa tatil ziyaretleri i¢in alternatif rekreasyon alant
saglanmustir. Alan 6zellikle gengler icin macera ve spor amaglt egitim noktasi haline gelecektir. Bartin
ve Kastamonu gibi kiltirt ile zengin iki kent arasinda turistik baglantilar, ekonomik ve kiltarel
aligveris gelisecektir.
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Evaluation of Re-functioning in Terms of Conservation: The Case of Cukurhan

Filiz KARAKUS'

Introduction

Changes in the comfort conditions of contemporary life cause the use of historical buildings
to lose their validity over time. Although these structures can continue their original use, they can be
worn out and become idle due to social, technological and environmental effects (Douglas, 2006: 14-
15). These structures can also become unnecessary due to various reasons such as changing economic
and industrial applications, demographic changes and increasing maintenance costs (Orbasli, 2008).
The re-use of historic buildings has occurred in the past because demolition and the construction of
new buildings required more time, energy and money than reuse (Velthuis&Spennemann, 2007).
Adaptation for reuse began to be discussed architecturally in the 1960s and 1970s due to the growing
interest in the historical environment (Cantell, 2005). Adaptive reuse strategies help support the
development of a sustainable built environment (Conejos et al., 2011). On the other hand, architectural

conservation provides economic, cultural and social benefits to urban communities. Therefore, the
role of architectural conservation has changed from conservation to being part of urban
transformation and sustainability (Bullen and Love, 2011). Adaptive reuse brings social benefits by
animating known landmarks and giving them new life (Conejos et al., 2011).

The shaping of historical buildings according to new needs by giving new functions depends
on the spatial and structural features of these buildings (Altinoluk, 1998; Kogan, 2011). These
structures can be protected by modernizing their original use or adapting them to a suitable use. Reuse
adaptation stands out as one of the preservation approaches adopted today (Bullen and Love, 2011:
412).

The main purpose of conservation approaches for the preservation of cultural assets is to
preserve original values. Article 5 of the Venice Charter imposes restrictions on re-use, emphasizing
that the changes required by the new function can be designed without changing the plan and
decorations of the building (Erder, 1977: 172-173; Ahunbay, 1996: 150). The most appropriate reuse
is the closest to the original function as it will require less intervention to the original of the building
(Fielden, 2003: 278).

Reuse is a very challenging process for designers. Changing the function of a structure brings
new regulatory conditions (Langston and Shen, 2007). Deciding to reuse a historic building is very
difficult as it depends on many factors that affect the process. It is very important to find the most
suitable function in order to preserve the cultural significance of the heritage structure.

! Ankara Yildirtm Beyazit University, Faculty of Architecture and Fine Arts, Department of Atchitecture,
fkarakus@ybu.edu.tr
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In this study, Boutique Hotel function given to Cukurhan in Altindag District of Ankara
Province is discussed. The interventions and changes that occurred in the original of the building
during the re-functioning were examined. As a result, the positive and negative results brought about
by re-functioning were evaluated.

Ankara, Altindag Cukurhan

Cukurhan, located in Altindag District of Ankara Province, has been registered on behalf of the
General Directorate of Foundations as a result of the lawsuit that started in 2003 and ended in 2004
(Archive of the General Directorate of Foundations). Located in Atpazari Square, opposite the Castle
gate, the building is located to the west of Cengelhan (Figure 1). It does not have an inscription and
the exact date of construction is unknown. Some sources claim that it was built in the 18th century.
Oney (1971), on the other hand, writes that it is from the 16th or 17th century, and that it was largely
renovated after the 1950 fire (Oney, 1971: 139). There is no record about Cukurhan in 16th century
censuses and Ser'iyye registries (Ongan, 1958 and 1974), but information about Cukurhan is found in
the Ankara shet'iyye registry for the years 1620-22 (Tas, 2006: 199). In the Ankara Set'iyye registers of
1797, 1791 and 1801, it is recorded that Seyhulislam Ankaravi Mehmet Efendi donated Sengtl
Hamam, Hasan Pasha Bath, Suluhan, Cukurhan and some shops to bring income to some works he
built in Ankara (Ozdemir, 1986: 30-37).
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Figure 1. Cukurhan site plan (URL:
https://yandex.com.tr/hatita/115676/altindag/?11=32.863769%2C39.936967&2=18)

Cukurhan has been registered with the decision of the High Council of Real Estate Antiquities
and Monuments, dated 14.10.1972 and numbered 6691, dated 12.04.1980 and numbered A-2167, and
by the decision of the High Council of Immovable Cultural and Natural Heritage dated 10.07.1986
and numbered 2458. It was used as a wholesale store and warehouse in the Republic Period (Bakirer
and Madran, 1984: 110). Cukurhan was abandoned after 1985 when GIMAT was established and
wholesalers moved there. In a document dated 1993, it appears to have shares on behalf of 53 people
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(VGM Archive). The building has been rented for 29 years with a tender held in 20006, using the
restore-operate-transfer method (Aksoy, 2010: 39). Cukurhan was used as a prison for heavily

sentenced prisoners and as a headquarters during the War of Independence and lost its originality to
a great extent after the fire in 1950 (Renda et al, 2004: 139).

Cukurhan is an important building in terms of being one of the rare examples of wooden inn
architecture in Ankara, especially in terms of wooden carcass inns in terms of the period it was built
and the periods it was repaired (Ersoy, 19906). It was built in the classical "Ottoman City Inn" tradition
in the form of semi-open spaces (portico) and closed spaces (rooms) around an open common
courtyard. It is constructed in different systems as rough stone with wooden beams, rows of rubble
stone, wooden carcass, brick and adobe filling (Figure 2), and its ceilings and floors are wooden
(Ozgoniil, 1992).

Figure 2. Cukurhan rubble stone and wood carcass system (Archive of Ankara Regional Directorate
of Foundations)

According to the plan study of Ersoy (1991) in Ottoman Inner City Inns, it has the
characteristics of a single courtyard, 2-storey and partial basement-floor plan scheme (Ersoy, 1991).
The outer body walls of the inn are 80 cm thick bearing masonry walls (back and side facades). Rough
cut stone was used in the basement floor, and rows of rubble stone in the ground floor and the upper
floor. The entrance facade, courtyard facades and partitions of the building are built in a wooden
carcass system and the filling material is brick and adobe (Figure 3). There are wooden beams on the
lower and upper levels of the floor levels and window spaces. The inn sits on an area of 37.38x32.59
meters and the inner courtyard measures 13.08x19.84 meters (Figure 4). The inn is in the form of 2
floors, the shop floor and the upper floor on the entrance facade facing the castle, and 3 floors as the
basement, ground and upper floors due to the elevation difference on the other facade (on the slope).
The upper floor of the inn has a porch except for the entrance facade (Figure 5).
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Figure 3. Wooden carcass system and the filling material (Archive of Ankara Regional Directorate of

Foundations)
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Figure 4. Ground floor and first floor plan before re-functioning (Processed from the project in
Promim Architecture Restoration Construction Limited Company Archive)

Figure 5. Cukurhan courtyard and exterior before restoration (Archive of Ankara Regional Directorate of

Foundations)
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Before the restoration, there were problems such as neglect during the usage process, the wall,
beams, pillars and structural elements that formed the bearing system due to natural factors in time,
such as knitting and material losses.

Processes Regarding the Reuse of the Building:

In the report prepared by Cengelhan- Cukurhan Protection and Evaluation Investments
Consultancy:

“The building is in a state of collapse in 1992 due to abuse. According to the Zoning Plan report, it is open to
all central business functions except production and storage services that may disturb the region. It is essential to enconrage
the public's administrative, health, culture-tourism functions and touristic uses such as hostel hotels and restanrants. In
the plan, touristic accommodation + bazaar functions are proposed for the inns. In the neighboring parcels, it is planned
to use Pilavogln and Safran Han as a tourist bazaar, to build an additional building for the Museum of Anatolian
Civilizations in the west, and a new tourist accommodation-bazaar facility in the south where the school is located. Before
this study, including suggestions about the studies made by METU and Gazi University, but for the environment,
touristic accommodation and commercial use gained weight....” (Kabaoglu, 1994: 74-75) is expressed.

In the project prepared in 1992, when the building was owned by the Ankara Metropolitan
Municipality, it was presented to the conservation board as a "Protocol Culture and Art House" with
a re-use proposal (Figure 6). It is thought that this use consisting of meeting-seminar halls, library,
archive and offices that require large-sized spaces and special equipment, will require more
intervention to the building (Kabaoglu, 1994: 75).

ol

Figure 6. Cukurhan's project for the use of "Protocol Culture and Art House" prepared by the Ankara
Metropolitan Municipality
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After the building was registered on behalf of the General Directorate of Foundations, in 1994,
additional flooring removal, paint and plaster blasting were carried out. As a result of the lawsuit that
started in 2003 and ended in 2004, the entire inn was registered on behalf of the General Directorate
of Foundations. The survey projects belonging to Cukurhan were approved by the decision of the
Ankara Cultural and Natural Heritage Preservation Regional Board, dated 2/2/2007 and numbered
2089. The reuse function has been designated as Boutique Hotel and the restitution and restoration
projects have been approved by the Ankara Renovation Area Cultural and Natural Heritage
Preservation Regional Boatd's decision dated 11/05/2007 and numbered 24.

According to the reuse project, a total of 19 hotel rooms, 5 rooms on the ground floor and 14
rooms on the upper floor, have been planned (Figure 7). Cukurhan is planned to be completed
functionally within the courtyard with Cengelhan, which is used as a museum. Inside the inn, the
rectangular planned, open-top courtyard is covered with tempered laminated insulating glass, and the
cover system is carried with steel trusses and steel legs (Figure 8). The basement floor is divided into
service areas, consists of a kitchen, laundry, rooms for staff and storage. The restoration renovation
project was approved by the Ankara Renewal Area Cultural and Natural Heritage Preservation
Regional Boatd's decision dated 16/01/2008 and numbered 123 (Figure 9). In line with the reuse of
the inn, itis planned to arrange a mezzanine floor in the northeast wing of the rooms on the Cengelhan
side of the main entrance door, with reception/ information desk, administrative offices, staff room
and toilet in the administrative office.

r

Figure 8. Courtyard top cover system (Archive of Ankara Regional Directorate of Foundations)
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Figure 9. Upper floor plan according to restoration Project (Processed from the project in Promim
Architecture Restoration Construction Limited Company Archive)

The shops in the other wing have the function of a restaurant-café serving both hotel
customers and outside. At the very corner, a staircase leading to the upper floor is designed. On the
ground floor, there is a reception, a lobby and a bar area in the northwest direction, and further on,
there are toilets for men and women and a baby care room. Two pools were designed in the courtyard,
with a sitting area around it and eating and drinking areas in the southeast direction (Figure 10). In the
south-east direction of the ground floor, on the short arm on the Cengelhan side, there is a two-armed
stone staircase leading to the upper floor, followed by a service ladder that provides access to the cellar
and service spaces, and an elevator and service elevator that provides access to the upper floor. In the
rear long wing, the ramp going down to the basement floor was turned into stone steps, the iwan was
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designed as a resting and sitting area, and the other spaces were arranged as 5 hotel rooms, one of
which is a suite.

Figure 10. Ground floor, pool and eating areas (Archive of Ankara Regional Directorate of
Foundations)

Wet areas of the corner room, the room where some paintings and stuffed animals in the
private collection of the Rahmi Ko¢ Museum are exhibited (Figure 11) and the inn door opening to
the northwest are located on the short wing on the northwest facade of the building. On the
southwestern and northwestern wings of the upper floor, the hotel rooms were expanded by removing
the walls and added wet areas such as bathrooms and toilets. On the northeastern wing, the spaces
lined up around the corridor are arranged as hotel rooms. On the basement floor, there is a service
ladder and service elevator descending on the short wing in the southeast direction. The rooms in the
southeast are reserved for the kitchen and storage rooms, and the rooms in the northwest are reserved
for the staff.

Figure 11. The room where some paintings and stuffed animals are exhibited and first floor portico

The heating system of the hotel rooms, the general areas such as the guest reception and
waiting rooms, the bathroom and toilet spaces that should be located in the rooms, electricity,
ventilation, fire systems, occupational health and safety applications are placed in a way to penetrate
the main walls of the building and the flooring.
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Reuse Intetventions:

It is possible to consider the interventions for reuse in Cukurhan as sorting (cleaning),
strengthening the carrier system, consolidation, contemporary additional interventions.

Sorting (Cleaning): On the ground floor, the portico wall, which was later closed on the
northwest facade, the additional buildings in the courtyard, the unqualified additions in the inn and
the woodwork of the shops on the entrance facade were removed.

Reinforcement of the carrier system: Steel reinforcements have been made in various places
to strengthen the carrier system and the structure. At the back of the building, under the courtyard
level, the additional structure, which is planned to be built independently from the building and will
serve the water and electricity system of the main building, has been deemed appropriate to be made
of reinforced concrete.

On the front facade of the inn, a new foundation was built under 3 stone pillars on the entrance
axis. In the basement floor, a room measuring approximately 4.00x1.00 m in the direction of
Cengelhan (to be used as an elevator and staircase house), parallel to the short edge of the middle
courtyard, and a 1.80 m wide corridor parallel to the existing basement floor along the slope facade
have been added. All of these spaces, some of which will lean against existing stone walls, are made
of reinforced concrete.

In accordance with the Earthquake Code, a reinforced concrete foundation was built under
the three wooden pillars that carry the upper storey portico system on the southeast and northwest
facades of the middle courtyard. In order to cover the middle courtyard, 4 steel columns were made
on the north and south sides of the courtyard and a reinforced concrete foundation system was created
under these columns. Larger rooms were obtained by removing the partition walls of the existing
rooms. For this reason, due to the increase in load on the carriers, the wooden carcass system in the
protected partition walls was supported by a steel carrier system and steel supports were made to the
wooden elements in the original carrier system of the inn. This system is designed in such a way that
it is not visible from the outside, inside the walls and floors. The heating system and fire alarm systems
of the wet areas and other spaces are hidden by renewed wooden beams and the wooden carcass
system on the walls.

Consolidation: The rubble stones in the existing main load-bearing walls on all facades have
been reinforced and the deficiencies in the stone structure have been completed. Spilled joints have
been completed according to the original material (Figure 12). The wooden beamed ceiling that carries
the ground floor of the basement and the wooden floors of the ground floor were gradually removed,
and the steady beams were rehabilitated and reused. After the beams of the basement were removed,
reinforced concrete beams were made on the upper level of the rubble stone main body wall. All
wooden partition walls on the ground floor have been renovated in accordance with the original. The
collapsed and decayed woods of the upper floor and roof were renewed. The room and partition walls
of the upper floor have been renovated in accordance with the original (Figure 13). Wood and brick
materials were used in the partition walls made for reuse and reinforced with steel. In wet areas,
reinforced concrete flooring is made with wire mesh.
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Figure 12. Spilled joints have been completed (Archive of Ankara Regional Directorate of
Foundations)

Figure 13. The room and partition walls of the upper floor have been renovated (Archive of
Ankara Regional Directorate of Foundations)

The steady ones of the feet in the courtyard of the inn were used. The clover bases under the
wooden legs have been preserved. Wooden joinery are made in accordance with the original, with
jambs and classic interlocking iron bars. The wooden carcass system was renewed, built with brick
filling system and plastered on all of the upper floor rooms facing the courtyard and the upper floor
walls facing north (entrance facade). Original gates have been improved. Ground floor ceilings are
made of wood. Imitation classical brick flooring is used in the courtyard of the inn and on the floors
other than wooden beamed flooring.

Contemporary supplement interventions: The central courtyard is covered with a vaulted
roof system consisting of aluminum glass and aluminum sunshade system on the steel system (Figure
13) where cleaning and safety concerns are eliminated.
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T e e

Figure 14. Exterior and covering of courtyard after restoration (Archive of Ankara Regional
Directorate of Foundations)

Evaluation and Conclusion

Cukurhan is an important building for the region, as it is one of the 16th and 17th century inns
with large programs, as well as the wooden carcass construction technique used in Ankara's civil
architecture and the brick and mud brick filling material in Ankara. For this reason, the preservation
of the inn with its original values and the quality of materials and workmanship used in re-use
interventions has contributed to the preservation of cultural values and revealing the identity of the
inn.

With the reuse interventions, it has gained value as a powerful landmark in the region again,
contributing to the formation of a public recreation area, as well as increasing the attraction of Atpazari
Square as a public space in terms of tourism. Cukurhan serves for tourism purposes with its re-use as
a "Boutique Hotel." Its use for hotel customers does not directly create a public space. In addition,
the courtyard of the inn can be used in dining organizations in Safran Brasserie. Due to the customer
profile of the inn, the service and service quality of the surrounding facilities has increased and the
environment of the inn it has turned into a safer zone.

Cukurhan has been the center of attention of local and foreign tourists due to its specially
designed rooms, the impressive atmosphere of the interior and courtyard. The contribution of
Cengelhan as a museum to Cukurhan in the historical environment cannot be ignored. Traditional
construction techniques and technology can be clearly observed in the inn, which preserves its
historical identity despite the interventions it has seen.

The biggest loss in this practice is due to the renewal of original materials and construction
techniques. Comparative studies to be carried out during the project phase could reveal the degree of
reuse interventions, and studies on less intervention options could be carried out. The intermediate
walls that were removed due to the spatial arrangement in the hotel use negatively affected the carrying
capacity of the wooden carcass system, and the wood and brick materials that constitute the carrier
system were renewed, as the existing materials could not reach sufficient strength. The system is
supported by steel beams in order to prevent any weakness of the wooden carcass system in wide
openings over time.
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When evaluated in terms of protection-intervention relationship, it is an important component
of the historical environment as a strong structure in the field, formally and symbolically, despite the
loss of originality value of the materials that have survived from previous period repairs since
traditional building materials cannot be used by reinforcing.
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Mor Reyhan Genotiplerinde Hasat Sayilarinin Verim ve Verim Unsurlar
Uzerine Etkisi

Musa TURKMEN!

Giris

Ocimum  basilicnm L. cinsi, Lamiaceae familyasina ait Asya, Afrika ve Giliney Amerika'nin
subtropikal bolgelerinde yetisen 65-150 arasinda tiirt bulunan bir bitkidir (Altay vd., 2019). Bu bitki
Iran, Hindistan ve Akdeniz bélgesine 6zgiidiir ve hemen hemen diinyanin her yerinde
yetistitilmektedir. Tath feslegen (Ocimum basilicum 1.) yerel olarak “feslegen veya reyhan” olarak
bilinmektedir (Adigiizel vd., 2005; Reuveni vd., 2002; Tada vd., 1996). Feslegen, parfim, gida,
kozmetik ve ilag endustrilerinde kullanilan ¢ok amacl tibbi ve aromatik bir bitkidir. Yaprak rengi (yesil
veya mor), cicek rengi (beyaz, kirmizi, mor) ve aromasi farkli olan birgok feslegen cesidi vardir (Morales
ve Simon, 1996). Mor feslegen (Ocimum basilicum 1..), geleneksel olarak tipta, beslenme alanlarinda ve
tatlandirict olarak kullanilan 6nemli bir bitkidir. Mor feslegen; antialerjik, antikanser, antimikrobiyal,
antiseptik, antispazmodik, antifungal, antiviral, antiinflamatuar, analjezik, immiinostimiilan, yatistirict
ve antioksidan Ozelliklere sahiptir. Mor feslegenin saglikla ilgili faydalari, icerdigi polifenollere ve
aromatik bilesiklere baghdir (Yikmis & Tuggiim, 2019). Feslegen bitkisinin faydalt kisimlart yapraklar:
ve tohumlaridir. Feslegen tibbi tedavilerde bas agrisi, Oksiriik, solucan, mide agrist ve bobrek
fonksiyon bozukluklari icin kullanidmistir (Ekren, 2012; Simon vd., 1990).

Baharat bitkileri yetistiriciligine kaliteli ve yiksek verimli Grtin almak amaclanmaktadir. Bu
amaca, istenen Ozelliklere uygun ¢esitlerin gelistirilmesi, uygun yetistirme tekniklerinin belirlenmesiyle
elde edilebilir (Telci vd., 20006).

Bu calismada ti¢ farklt Mor Reyhan genotipinden farkli hasat zamanlarinin verim tzerine etkisi
incelenmistir. Calismada kullanilan reyhan genotiplerinden bir tanesi tlkemizde Arapgir/Malatya
sehrinde yetisen ve cografi isareti alinmis bir genotiptir. Ilcenin en 6nemli gecim kaynaklarindan olan
reyhan bitkisi bircok sekilde tiriine donustiiriilmis ve aileler icin ek gecim kaynagi olusturmaktadir. Bu
trtinlerden bazilart; Reyhan suyu, Mor Reyhan Lokumu, Mor Reyhan Sirkesi, Mor Reyhan Badem
Sekeri ve Mor Reyhan Cay1 olarak bilinmektedir.

Materyal metod

Calisma Akdeniz ekolojik kosullarinda gerceklestirilmistir. Bu calismada kullanilan, Fransa
tescilli Midnight ve Macaristan Garafarm'dan Piros cesitlerine ait tohumlar kullanildi. Calismada
kullanilan son genotip ise Malatya’nin Arapgir ilgesine bagl ve cografi isaret, alinmis Arapgir Mor
Reyhanina aittir.

! Musa Turkmen, Dr. Ogr Uyesi, Hatay Mustafa Kemal Universitesi, Tarla Bitkileri Bélimii, turkmenmusa@hotmail.com
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Tablo1. Calismada kullanilan mor reyhan genotipleri

Cesitler Yaprak rengi Orijin

Arapgir Mot Turkiye (Arapgir/Malatya)
Piros Mor Macaristan

Midnight Mor Fransa

Tohumlar, 28 Subat'ta sera kosullarinda (1: 1 torf ve petlit) ekildi. 3-5 yaprak evresine kadar
yetistirilen fideler, Antakya/Serinyol/Hatay mevkinde bulunan deneme alanina dikilmistir. (1 Mayzs).
Deneme, faktoriyel deneme desenine gore rastgele bloklar halinde, 3 m sira uzunlugunda doért sira ve
g tekerrirli olarak kurulmustur. Denemede sira Gizeri mesafe 50 cm, sira arast mesafe ise 50 cm olarak
belirlendi. Ayrica blok ve parseller arasinda 100 cm bosluk kullanilmistir. Bloklarin kenarlarinda kenar
tesir olarak birer sira birakildi. Reyhan genotiplerinde yil igerisinde tek hasat ve iki hasat yapildiginda
verim Uzerine etkisi arastirlmistir. Tam ¢iceklenme doneminde bitkiler 15 Temmuz ve 25 Agustos
tarihlerinde hasat edildi. Cigek sonrast hasada birakilan parseller ise Eylil ay1 igerisinde hasat edilmistir.

Bitkiler tam ciceklenme doneminde iki kez ve ciceklenme sonrast dénemde bir kez hasat
edilmistir.

Incelenen 6zellikler;

1. Bitki boyu (cm): Bigimden 6nce her parselden rastgele segilen 10 bitkinin boyu 6l¢tlerek
ortalamast alinmistir.

2. Yesil herba verimi (kg/da): Parsellerin kenar tesitleri alindiktan sonra kalan alanlardaki
bitkilerin farkli yukseklerde bigilip hemen tartilmastyla elde edilmistir.

3. Kuru herba verimleri (kg/da): Yesil herba icin tartim yapildiktan sonta, 500 g 6rnek 35 °C’de
sabit agirhga gelinceye kadar kurutularak % nem ve kuru herba orant belirflenmistir. Bu oranlardan
faydalanilarak kuru herba verimleri hesaplanmustir.

4. Kuru yaprak verimleri (kg/da): Kuru herba verimi i¢in alinan ve 35 °C kurutulup nem orani
belirlenen 6rnekte, yaprak ve saplar ayiklanarak yaprak oranlar (%) belitflenmistir. Bu oranlardan
faydalanilarak, kuru yaprak verimleri hesaplanmustir

Bulgular ve Tartigma

Mor reyhan genotiplerinin bir vejatasyon periyodu siiresince bir defa hasat edilen parsellerinin
bitki boylari incelendiginde en yiiksek bitki boyu 76.23 c¢m ile Arapgir genotipinde Slgilmistir. En
distik bitki boyu ise 63.23 cm ile Midnight genotipinde olgtilmiistir. Piros genotipinde ise bitki boyu
72.30 cm olarak ol¢tlmistir. Yaprak genisligi acisaindan incelendiginde en biyik yaprak genisligi
Arapgir genotipinden Olcilitken, en buyik yaprak uzunlugu 5.68 cm ile Piros genotipinde
Olctlmistir. En disik yaprak genisligi 2.84 cm ile Midnight genotipinden 6l¢iilmustir. En dustik
yaprak uzunlugu ise 4.67 cm ile en biiyiik genislige sahip Arapgir genotipinden elde edilmistir. Yaprak
en/boy orant incelendiginde ise en ylksek oran %00.67 cm ile Arapgir genotipinden Sl¢tilmistiir.

Tablo 2. Tek hasat hasat yapilan mor reyhan genotiplerinin bitki boyu ve yaprak en-boy oranlarinin
incelenmesi

Cesitler Bitki Boyu cm  Yaprak Genisgligi cm Yaprak Uzunlugu cm En/Boy %
Arapgir 76.23£3.90 3.1110.40 4.67£0.58 0.67£0.02a
Piros 72.30%5.64 2.9710.20 5.68%0.37 0.52%0.02b
Midnight 63.23%£4.55 2.8410.25 4.82+0.38 0.59%0.01ab
F Value 1.39ns 0.15ns 1.00ns 12.35%
Coef. Var. 12.99 15.50 16.42 11.33
Std. hata ort. 3.06 0.15 0.28 0.02
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Tek hasatta en yiksek yas yaprak orani %30.80 ile Midnight genotipinde belitlenirken, en
distik yas yaprak orani %28.73 ile Arapgir genotipinden elde edilmistir. En yiiksek dal orani %32.33
ile Arapgir genotipinde gorilirken, en disik yas dal orani ise %29.87 ile Piros genotipinden elde
edilmistir. Yas cicek oranlari incelendiginde ise en yiksek ¢icek orant %40.80 ile Piros genotipinden
elde edilmistir. En dusiik oran ise %38.80 ile Midnight genotipinden elde edilmistir. Kuru yaprak
oranlart incelendiginde en yiiksek kuru yaprak orant % 28.45 ile Midnight genotipinden elde edilirken,
en dustik kuru yaprak orant %22.02 ile Arapgir genotipinden elde edilmistir.
Tablo 3. Tek hasat hasat yapilan mor reyhan genotiplerinin yaprak, dal ve cicek oranlarinin incelenmesi

esitler Yas yaprak orani(%) Yas dal orani (%) Yas cicek orani (%)Kuru yaprak orani(%
Ces § yap () Yas (o) § ¢ic (o) yap ()

Arapgir 28.73+1.91 32.33+1.16 38.931+3.05 22.02%0.85
Piros 29.331+4.17 29.8714.15 40.80%8.22 23.821+3.23
Midnight 30.80£1.15 30.40+1.15 38.80 28.4510.49
F Value 0.16ns 0.21ns 0.04ns 2.46ns
Coef. Var. 14.18 13.03 19.37 16.55
Std. hata ort. 1.40 1.34 2.55 1.37

Kuru dal oranlari ise en yiiksek oran %33.72 Arapgir genotipinde elde edilirken bunu sirastyla
%21.58 ile Midnight ve %19.53 ile Piros genotipinin izledigi tespit edilmistir. Kuru ¢icek oranlart
acisindan inceledigimizde ise en yliksek kuru ¢icek orant %56.65 ile Piros genotipinden elde edilirken,
en dustik kuru ¢igek orant %44.26 ile Arapgir genotipinden elde edilmistir.

Tek hasat yapilan genotiplerin yas herba verimleri incelendiginde Arapgir genotipinin verimi
2818.91 kg/da olarak tespit edilmistir. Piros genotipinin yas herba verimi ise 2365 kg/da olarak
belirlenmistir. En diigiik yas herba verimi ise 2035.86 kg/da ile Midnight genotipinde tespit edilmistit.
Kuru herba verimleri incelendiginde ise en yiksek kuru herba verimi 1039.0 kg/da ile Arapgir
genotipinden elde edilitken, en disiik kuru herba verimi 551.79 kg/da ile Midnight genotipinden elde
edilmistir.

Tablo 4. Tek hasat hasat yapilan mor reyhan genotiplerinin yaprak, dal ve ¢igek oran ve verimlerinin
incelenmesi

Cesitler Kuru dal orant (%) Kuru cicek orant (%) Yas herba verimi (kg/da) Kuru herba verimi

(kg/da)
Arapgir 33.7214.33 44.26%5.17 2818.91+1154.08 1039.00+307.09
Piros 19.53+4.44 56.65+7.60 2364.14%+340.26 624.03+47.11
Midnight 21.58%1.62 49.96%1.38 2035.861+207.36 551.791£29.47
F Value 2.92ns 0.89ns 0.34ns 2.32ns
Coef. Var. 34.71 19.25 46.16 47.87
Std. hata ort. 2.89 3.23 370.28 117.80

1ki defa hasadi yapilan genotipleri ilk hasatta bitki boylar1 incelendiginde en uzun bitki boyu
%40.07 cm ile tek hasatta oldugu gibi Arapgir genotipinden elde edilmistir. Yaprak enleri
incelendiginde en buyik yaprak eni 4.01 cm ile Arapgir genotipinde Sl¢tlirken en disiik yaprak eni
1.93 cm ile Piros genotipinde Sl¢tlmistir. En uzun yaprak boyuda tek hasadin aksine 8.03 cm ile
Arapgir genotipinde Ol¢tlirken, en dusiik yaprak boyu 4.78 cm ile Piros genotipinde Sl¢ulmistur.
Yaprak en/boy orant en yiiksek Arapgir genotipinde Ol¢tlirken bunu sirastyla Midnight ve Piros
genotiplerinden elde edilmistir.
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Tablo 5. ki defa hasadi yapilan mor reyhan genotiplerinin ilk hasatta bitki boyu ve yaprak en-boy

oranlarinin incelenmesi

Cesitler Bitki boyu (cm) Yaprak eni (cm)  Yaprak boyu(cm) En/boy (%)
Arapgir 40.07£0.22 4.01£0.22a 8.03+0.34a 0.50£0.01a
Piros 38.701£0.70 1.93+0.36b 4.7810.82b 0.40£0.01b
Midnight 37.63+0.20 2.814+0.13b 0.85%0.13ab 0.41£0.01b
F Value 0.38ns 20.16** 9.32% 52.94**
Coef. Var. 3.21 33.70 24.72 11.40
Std. hata ort. 0.41 0.33 0.54 0.02

Iki defa hasat yapilan parsellerin ilk hasadinda yas yaprak oranlart incelendiginde en yiiksek yas
yaprak orant %56.47 ile Piros genotipinde tespit edilirken, bunu sirasiyla %53.27 ile Midnight
genotipinden elde edilmistir. En dustik yaprak orani ise %41.53 ile Arapgir genotipinden elde
edilmistir. Yas dal oranlari bakimindan incelendiginde en yuksek dal orani %27.93 ile Arapgir
genotipinden elde edilirken, en dusiik yas dal orant %16.0 ile Midnight genotipinden elde edilmistir.
Piros genotipinin yas dal orani ise %21.27 olarak tespit edilmistir. Yas ¢icek oranlart incelendiginde
Arapgir ve Midnight genotiplerinin ¢icek oranlart arasinda istatistiksel agidan bir fark bulunmamustir.
En diisiik yas cicek orant ise %22.27 ile Piros genotipinden elde edilmistir. Ilk hasatta en yiiksek kuru
dal orani %57.21 ile Midnight genotipinden elde edilitken, en dusiik kuru yaprak orant %33.33 ile
Arapgir genotipinden elde edilmistir. Piros genotipinde kuru yaprak orant %51.54 olarak tespit
edilmistir.

Tablo 6. Tki defa hasadi yapilan mor reyhan genotiplerinin ilk hasatta yaprak, dal ve cicek oranlarmin
incelenmesi

Cesitler Yas yaprak oran1 (%) Yas dal oran1 (%) Yas ¢igek orani (%) Kuru yaprak orani (%)

Arapgir 41.531+0.29b 27.9310.47a 30.53%+0.29a 33.33b
Piros 56.47+1.44a 21.27+2.14b 22.27+0.71b 51.54%+1.18a
Midnight 53.27+3.87a 16.00£1.36b 30.731+2.64a 57.21+2.71a
F Value 10.42* 14.68* 9.04* 46.79%*
Coef. Var. 15.27 25.96 17.29 23.44
Std. hata ort. 2.57 1.88 1.61 3.70

Kuru dal oranlart incelendiginde en yiksek dal oranit %35.35 ile Arapgir genotipinde
olctlurken, en dustk kuru dal orant ise %16.08 ile Midnight genotipinden elde edilmistir. Kuru ¢icek
oranlart incelendiginde ise en yiiksek ¢icek orant %31.31 ile Arapgir genotipinden elde edilmistir. ile
En distk kuru cicek orant %26.70 ile Midnight genotipinde belirlenmistir. Piros genotipinde kuru
cigek orant ise %29.69 olarak tespit edilmistir.

Dekara yas herba verimleri incelendiginde en ytksek yas herba verimi 661.01 kg/da ile Piros
genotipinden elde edilitken, en dusiik veri 376.62 kg/da ile Arapgir genotipinden elde edilmistir.
Midnight genotipinin yas herba verimi ise 593.33 kg/da olarak tespit edilmistir. Kuru herba verimleri
incelendiginde ise en yliksek verim 157.38 kg/da ile Piros genotipinden elde edilitken, en disiik kuru
herba verimi 89.67 kg/da ile Arapgir genotipinden elde edilmistir. Midnight genotipinin verimi ise
141.27 kg/da olarak tespit edilmistir.

Tablo 7. Iki defa hasadi yapilan mor reyhan genotiplerinin ilk hasatta yaprak, dal ve gicek oran ve
verimlerinin incelenmesi
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Yas herba verimi

Kuru herba verimi

1 0 1 0

Cesitler Kuru dal oran1 (%) Kuru gigek oran1 (%) (kg/da) (kg/da)
Arapgir 35.35a 31.31 376.62145.54b 89.67£10.84b
Piros 18.78£1.96b 29.69%1.50 661.01£61.38a 157.38%14.62a
Midnight 16.08%1.14b 26.70+3.83 593.331+37.94a 141.27£9.03a
F Value 50.66** 0.74ns 17.68* 17.68*
Coef. Var. 39.51 14.03 27.29 27.29

Std. hata ort. 3.08 1.37 49.46 11.78

Iki defa hadat yapilan genotiplerin ikinci hasatlart incelendiginde en uzun bitki boyu 51.40 cm
ile Arapgir genotipinden elde edilmistir. Bunu strastyla 50.03 cm ile Piros genotipinden elde edilmistir.
En dustk bitki boyu ise 48.97 cm ile Midnight genotipinden elde edilmistir. Yaprak eni l¢timlerinde
ise en yuksek yaprak eni 4.18 cm ile Midnight genotipinden elde edilirken, bunu sirastyla 3.62 cm ile
Arapgir ve 2.51 cm ile Piros genotiplerinin izledigi gortlmektedir. Yaprak boylart bakimindan
incelendiginde, en uzun yaprak boyu 6.92 cm ile Midnight genotipinden elde edilmistir. En disik
yaprak boyu ise 5.11 c¢m ile Piros genotipinden elde edilmistir. En buytk yapra en/boy oranlari ise
%0.61 ile Midnight genotipinden elde edilmistir.

Tablo 8. Iki defa hasadi yapilan mor reyhan genotiplerinin ikinci hasatta bitki boyu ve yaprak en-boy

oranlarinin incelenmesi

Cesitler Bitki boyu (cm) Yaprak eni (cm)  Yaprak boyu(cm) En/boy (%)
Arapgir 51.40£1.10 3.62+0.41 0.8410.22a 0.53£0.04
Piros 50.03%£1.23 2.51+0.20 5.11£0.20b 0.49£0.02
Midnight 48.9710.82 4.18%0.16 0.9240.39a 0.61£0.02
F Value 6.13ns 6.60ns 11.45% 2.74ns
Coef. Var. 3.81 24.60 15.58 12.66
Std. hata ort. 0.04 0.28 0.33 0.02

Yas yaprak oranlari incelendiginde en yiiksek yaprak orani %46.58 ile Arapgir genotipinden
elde edilirken, en disiik yas yaprak orani %36.87 ile Midnight genotipinde tespit edilmistir. Yas dal
orant en yiksek %31.76 ile Arapgir genotipinden elde edilitken en dustik oran %22.15 ile Midnight
genotipinde gorilmiiktedir. Yas cigek orant %40.98 ile Midnight genotipinden elde edilirken, en distik
cigcek orant %21.66 ile Arapgir genotipinde belirlenmistir. Kuru yagrak oranlari ise sirastyla %057.21
Midnight, %51.54 Piros ve %33.33 Arapgir genotipinden elde edilmistir.

Tablo 9. Tki defa hasadi yapilan mor reyhan genotiplerinin ikinci hasatta yaprak, dal ve cigek oranlarinin
incelenmesi

Cesitler Yas yal()o;:l)k oranit Yas dal orant (%) Yas 912{)21; oranit K:)J::n)lza(loa/f;k
Arapgir 46.58+2.14 31.76£2.06 21.66£1.13b 33.33b
Piros 39.34%+2.37 28.6516.94 32.01+5.56ab 51.54%+1.18a
Midnight 36.87£2.56 22.15%1.12 40.98%3.59a 57.21£2.71a
F Value 3.68ns 1.15ns 8.50* 46.79**
Coef. Var. 13.75 27.75 32.31 23.44
Std. hata ort. 1.88 2.55 3.40 3.70
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Kuru dal oranlari bakimindan incelendiginde en yiiksek kuru dal orani %35.35 ile Arapgir
genotipinden elde edilirken, en diisiik kuru dal orant %16.08 ile Midnight genotipinden elde edilmistir.
En yiiksek kuru ¢igek orant %31.31 ile yine Arapgir genotipinden elde edilmistir. En distk kuru ¢igek
orant ise %26.70 ile Midnight genotipinden elde edilmistir.

Dekara verimler incelendiginde ikinci hasatta bitki verimlerinin arttug: tespit edilmistir. En
yiksek yas herba verimi 3433.59 kg/da ile Arapgir genotipinden elde edilmistir. En distik yas herba
verimi ise 2028.02 kg/da ile Piros genotipinden elde edilmistir. Midnight genotipinin yas herba verimi
ise 2193.93 kg/da olarak tespit edilmistir. En yiiksek kuru herba verimi 708.29 kg/da ile yine Arapgir
genotipinden elde edilmistir. En dusik kuru herba verimi ise 437.19 kg/da ile Midnight genotipinde
gorilmustur.

Tablo 10. Iki defa hasadi yapilan mor reyhan genotiplerinin ikinci hasatta yaprak, dal ve cigek oran ve
verimlerinin incelenmesi
Kuru dal oran1 Kuru ¢gigek oran1  Yas herba verimi Suru herba verimi

Cesitler (%) (%) (kg/da) (kg/da)
Arapgir 3535, 3131 3433.591156.952  708.29%57.14
Piros 18.78+1.96b 29.69+1.50 2028.02+386.28b  438.14+114.45
Midnight 16.08%1.14b 26.70+3.83 2193.93+133.65b  437.19+17.11
F Value 50.66%* 0.74ns 8.23* 3.73ns
Cocf. Var. 3951 14.03 30.00 33.25
Std. hata ort. 3.08 1.37 255.23 58.50

Sonug ve Oneriler

Genel olarak biitiin hasatlarda Arapgir genotipinin diger genotiplere gore verim agisindan daha
Ustin bir genotip oldugu actkca goOrilmektedir. Cografi isareti alinmis olan bu genotipin
yetistiriciliginin diger bolgelerde de arttirilarak bolge halkina alternatif bir gegim kaynagt olabilcek bir
bitki oldugu gorilmektedir. Bu genotip tizerinde farkli calismalr ile verim oranlarinin arttirilmast
calismalari ilerleyen ¢alismalarla devam etmelidir.
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Gunumiizde arazi ve su kaynaklarinin etkin kullanimi, korunmasi ve strdirilebilir tarim
oncelikli konular arasinda yer almaktadir. Toprak, bitki ve su iliskilerinin bilinmesi bu konuda yapilacak
tim arastirmalara ve uygulamalara esas teskil ektedir. Toprak nem igerigi bitki gelisimini, bitki besin
elementlerinin toprak profili boyunca dagilimlarini, toprak havalanmasini, infiltrasyon ve ytizey akist
dogrudan etkilemektedir. Toprak neminin bilinmesi tarimsal tiretimin yant sira havza hidrolojisi, tagkin
tahminleri, erozyon ve kuraklik calismalart agisindan da bityiik 6nem tagimaktadir (Oztas 1997, Hardie
2020).

Artan su ihtiyact ile birlikte su kaynaklar Gizerinde olusan baski, tarimsal sulama yonetiminde
toprak neminin daha yenilik¢i teknojilerle takip edilmesi ihtiyacini dogurmustur. Toprak nem
iceriginin belirlenmesinde kullanilan yontemler mevcut suyun kutlesinin Slctilmesi esasina dayanan
direkt yontemler ve nem igerigine bagli herhangi bir toprak 6zelliginin Slciilmesi esasina dayanan
dolaylt yontemler olarak iki grupta toplanmaktadir. Direkt yontemler gravimetrik yontemler olup,
toprak Ornegindeki su buharlastirma, yitkama ve kimyasal reaksiyon yolu ile uzaklastirilmakta ve
uzaklastirilan miktar belirlenmektedir. (Oztas 1997). Yéntem basit uygulanabilirligi ve kesin sonug
vermesine karsilik; anlik sonug altnamamasi, alansal ve zamansal bazda yeterli 6l¢tim olanagina sahip
olmayist, otomasyon uygulamalarina uyumlu olmamasi gibi dezavantajlari bulunmaktadir. (Gorthi
2020). Toprak 6rnegi firin kuru agirliginin belirlenmesi igin 105 0C sicaklik ve 24 saat siireyle yapilan
kurutma islemi hem zaman alict olmast hem de enerji titketimi agisindan istenmeyen bir durumdur.

Dolayli yontemler topragin belli fiziksel ve fizikokimyasal 6zelliklerinin su miktarina bagh
olarak degisimlerini esas almaktadir. Bu yontemler arasinda nétron sagilma, (TDR:Time Domain
Reflectometry), Frekans Etkili Yansima Olger, (FDR: Frequency Domain Reflectometry) yontemi,
akustik ve diger uzaktan algilama yontemleri yer almaktadir (Babaeian 2019). Yoéntemler her ne kadar
anlik degerler vermesi ve otomasyon olanagi saglamasina karsilik; kalibrasyon ihtiyaci, topraga
yerlestirilmesinde karsilagilan sorunlar, toprak tuzlulugu, bitki besin elementleri ve yiksek kil
igeriginden olumsuz etkilenmesi, ekonomik olmayist gibi dezavantajlara sahiptir. Bunlarin yant sira
uzmanlik gerektirmesi gibi nedenlerle uygulamada yayginlik kazanamamistir (Bagnall ve ark., 2018;
Bobrov ve ark 2019; Wyseure ve ark., 1997; Corwin ve Lesch 2005)
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Toprak neminin kesin olarak belirlendigi gravimetrik yontemin sézkonusu kurutma stiresinin
kisaltilmast durumunda daha etkin kullanilmasi mtimkiin olacaktir. Bu amagla yapilan sinirlt sayida
calisma microdalga kurutma yontemi bu sirenin kisaltidabilecegini gostermistir. (Gaspard 2002;
Suwandi vd. 2009; Jastrz¢bska 2019). Gunumiz gelisen teknolojisiyle birlikte microdalga kurutma
yontemi 6zellikle meyve sebze kurutma uygulamalarinda genis uygulama alani bulmustur (Zarein ve
ark 2015). Ancak toprak bilimcilerce bu konuda sinirli sayida galisma yapilmis olup daha ¢ok dolayli
yontemler revag kazanmistir . Vaitekunas ve ark 1989 tartili diizenege sahip bir mikrodalga firint (2450
Mhz ve 600 W) ti¢ farklt biinye i¢in toprak nemi 6l¢tiinde kullanmislardir. 100 gr toprak 6rneklerinin
kullanildig Sl¢timlerde kuruma streleri 5,0-6.5 dakika arasinda degismistir. Arastirmacilar firin kuru
agirhigina ulasildigindan emin olunmasi gerektigini ve artan sicakliktan topraktaki organik ve inorganik
bilesiklerin zarar gérmediginin kontrol edilmesi gerektigini vurgulamislardir. S6z konusu ¢alismada kil
igerigi yiksek orneklerde yaklasik 170 0C ye kadar c¢iktigr belirlenmistir. Datlene ve Sabey (1976)
microdalga firin yontemiyle topragin firin kuru agirliginin yeterli dogrulukta belitlenebilecegini ancak
baslangic nem igerigi ve biinyeye bagli olarak kurutma siiresinin belirlenebilecegini ifade etmislerdir.
Arastirmactlar yurtttikleri ¢alismada bu stiresi 5-35 dakika arasinda belirlemislerdir. Miller ve ark
(1974) kuruma stiresinin nem igerigi ve 6rnek agirligina bagl olarak arttigini belirtmislerdir.

Berney (2011) topragin nem igerigini belirlemede cesitli cihazlarin etkinligini test etmeyi
amagclamistir. Nem belirlemede laboratuar firini, mikrodalga firin, nem tayin cihazi, Kimyasal nem test
cihazi ve Elektriksel nem igerikli cihazlart denenmistir. Calisma sonucunda mikrodalga firinin kurutma
yontemi icin giivenilir bir yontem olabilecegi ifade edilmistir.

Daod (2012), mikrodalga firtn1 kullanarak hem nem igerigi hem toprak kuruma stresini
belirlemeyi amaglamistir. Arastirmada farkli bolge ve derinliklerden toprak 6rnekleri alinmistir. Nem
igeriginin belirlenmesi i¢in: Konveksiyonlu ve 900 Watt gilice sahip Mikrodalga firin kullanilmistir.
Kurutma i¢in her bir numuneden yaklasik 150-200 g'lik iki esit numune alnmistir. Mikrodalga firin
icin numuneler araliklarla, 10 dakika, 20 dakika ve 30 dakika olarak test edilmistir. Konveksiyonel firin
icin 24 saat 105 °C’de numuneler test edilmistir. Arastirma sonucunda toprak nem igeriklerinin
belirlenmesi igin 150-200 g toprak 6rneklerinin 30 dakika streyle 900 Watt'lik mikrodalga firin
kullanarak kurutulmasinin uygun olabilecegi ifade edilmistir.

Cormick (2015) toprak nem tayini i¢in toprak numunelerini kurutmada standart firin ile
mikrodalga firmin karsilagtirilmasini degerlendirmistir. Aragtirmada bentonit, illit, kaolinit, turba
yosunu ve siltli toprak materyallerinden olusacak sekilde 277 6rnek test edilmistir. Arastirmada % 30
nem igeren 192 6rnegin sonuglarinin iki yontem igin birbirine yakin oldugu belirlenmistir. Calisma
sonucunda test edilen 6rneklerin iyi bir korelasyon géstermis oldugunu ve mikrodalga firin yénteminin
kullanim i¢in uygun oldugunu ifade edilmistir.

Kramarenko vd. (20106), toprak nemini belitflemek amaciyla yiuksek organik madde igerigine
sahip topraklart kurutmada mikrodalga firin yontemini kullanmiglardir. Calismada toprak nemi ve
organik madde igerikleri tayin edilmistir. Toprak numuneleri 5-10 g, 15-20 g ve 100-200 g olacak
sckilde tartilmis ve firinlara yerlestirilmistir. Arastirma sonucunda ev tipi mikrodalga firinlarin
topraklarin hizli nem igeriginin belirlenmesinde kullaniminin uygun olabilecegi belirtilmistir. Ayrica
toprak numuneleri kurutulduktan sonra organik madde igeriklerinin iki yontem icinde % 2-3 arasinda
benzer bir kaybin gerceklestigi belirlenmistir. Mohamad vd. (2020) Toprak nem igeriginin belirlenmesi
icin konveksiyon firinda kurutma yontemine alternatif olarak Mikrodalga firin yOonteminin
kullanilmasint degerlendirmistir. Toprak numuneleri 50 g olacak sekilde tartilmistir. Ornekler hizli bir
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sekilde 2, 4, 6, 8, 10, 12 ve 14 dakikalarda tartilmis ve her 6rnek icin sabit bir agirlik elde edilene kadar
degistirilmistir. Arastirma sonucunda toprak nem icin kurutma islemi mikrodalga firin yontemi ve
konveksiyon firin yontemi kullanilarak yapilabilecegi ve mikrodalga firin yontemi nem igerigi tayini i¢in
hizl bir ydontem olabilecegi vurgulanmustir.

Incelenen literatiir 15131nda mikrodalga kurutma yénteminin toprak nem tayininde kullanilmast
i¢in; organik madde igeriginde bir degisim olmaksizin farkli kosullar icin ¢alisiimasi ve bir standart
tanim olusturulmast ihtiyacinin oldugu gortlmektedir. Bu galismada t¢ farkli biinyedeki toprak
orneklerinde nem tayininin mikrodalga kurutma yontemi ile belirlenebilirligi arastirilmistir. Farklt nem
iceriklerinde yapilan Sl¢timler etiiv kurutma sonuglari ile karsilastirilmis ve mikrodalga kurutmanin
toprak organik madde icerigine etkisi incelenmistir.

Materyal ve Metod

Bu calisma labortauvar kosullarinda yuratilmustir. Calismada kullanilan t¢ farklt biinyeye
sahip topraklar tarim arazilerinden alinmistir. Bu topraklara fiziksel ve hidrolik 6zellikler belirlenmis
ve Cizelge 1’de verilmistir. Topraklarin tane buyiklik daglimi Gee and Bauder (1986) tarafindan
belirtilen hidrometre yontemine gore yapilmustir. Tarla kapasitesi ve Solma noktast 6zellikleri Tinsley
(1967)’in tarif ettigi sekilde, hacim agirligt ve porozite ise Demiralay (1993)’in bildirdigi yonteme gore
belitlenmistir.

Topraklar laboratuvar kosullarinda oncelikle suyla doygun hale getirilmis ve serbest hava
kosullarinda kurumaya birakilmistir. Bu siireg icerisinde belir giin araliklarla meydana gelen tg¢ farkls
nem iceriginde ¢alisma yuriatilmustir. Es zamanl ve Giger tekerriirlt alinan 50 ser gram alinan iki grup
ornekten biri yas agirligt belirlendikten sonra 24 saat 105 0C de etiivde kurutulmustur. Diger 6rnek
yine 50 ser gram alinmus, yas agirhig belirlendikten sonra Mikro dalga firina alinmistir. Bu amagla 2450
mHz ve 900 W giicte Mikrodalga firin kullandmistir. Kurutma stiresince belirli araliklarla tartim
yapilmis, agirlik sabitlesinceye kadar kurutma islemine devam edilmistir. Kurutma islemi bittikten
sonra toprak orneklerinde Walkley and Black (1934) yontemi ile organik madde tayini yapilmustir.

Cizelge 1. Denemede kullanilan topraklarin bazi 6zellikleri

Kum Silt Kil Hacim agirhigi Porozite Tarla Solma
(%) (%) (%)  (mgm?d) (%) Kapasitesi noktasi
Toprak 1(T1) 32 30 38 1.22 51.00 0.285 0.165
Toprak 2(T2) 36 40 24 1.49 45.22 0.215 0.119
Toprak 3(T3) 46 40 14 1.42 46.21 0.145 0.070

Sonug ve Tartigma

Toprak gruplarina bagli olarak sabit agirliga ulasincaya kadar Mikrodalga kurutma siireleri Sekil
1 de verilmistir. Sabitlesen agirliklar kullanilarak kuru agirlik ytzdesi cinsinden nem icerigi belitlenmis
ve sekil iizerinde verilmistir.
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Sekil 1. Topraklarin mikrodalga kurutma stireleri

Sekil 1 de goruldugt gibi Kil igerigi en yuksek (% 38) olan T1 topraklarinda % 40 nem
igeriginden yuksek kosullarda 25. dakikadan itibaren sabit agirliga ulagilirken; daha distik nem
igeriklerinde 18. dakikadan itibaren sabit agirhga ulagilmustir. Nem igerigi seviyesinin yant sira nem
igerigine bagl olarak ylizeyde kabuk baglama ve catliklarin olusmast kuruma stresine etki edebilecegi
gbzlemlenmistir. Nem igerigine bagli kuruma suresindeki degisimler diger toprak gruplarinda da
goreceli olarak izlenmistir. Bu 6rneklerde yitksek nem kosullarinda yine 25. dakikadan itibaren sabit
agirhiga ulagilirken; daha disitk nem iceriklerinde bu stre T2 i¢in 15. dakika, T3 i¢in 10 dakika olarak
gerceklesmistir. Incelenen literatiir 1s1g1nda mikrodalga kurutma ile sabit sicakliga ulagsma siireleri 5-30
dakika arasinda degismistir. Bu ¢alismada elde edilen sonuglara gére sz konusu stirenin toprak nem
igerigi ve bunyesine baglt olarak degistigi goriilmektedir. Ek olarak doygun kosullarda biinye etkisi
sinirlt kalmis tim 6rnekleri 25 dakikadan sonra sabit agithga ulasmistir.

Mikro dalga kurutma ve Etivde kurutma ile elde edilen nem degerleri degerlendirme amaglt
sekil 3 te verilmistir. Olgiimlerin tamaminda mikrodalga kuru agirliklarin Etiiv degerlerinden bir
miktar diisik oldugu gérilmektedir. Tki yontemle elde edilen sonuglarin uyumlugu icin yapilan
regresyon analiz sonuglart belirtme katsayilar1 ile Sekil 6 da verilmistir.
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50 50 70
£ 40 S 40 £ 0
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X 30 "\a 30 °\°_ 40
€ E S (]
g 20 2 20 g 30
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Sekil 6. Regresyon analiz sonuglart (P<<0.001)

Elde edilen sonuglar incelendiginde iki yontem arasinda R2:0.9763-0.9986 arasinda uyumluluk
oldugu gorilmektedir. Bu sonuglar mikrodalga yonteminin geleneksel firin yerine kullanilabilecegini
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gostermektedir. Benze olarak Harris ve Safford (1992) 10 g toprak 6rneklerinde, 490 W gii¢c ve 20-30
dakika stre yapilan mikrodalga kurutma isleminin standart bir firtnda 24 saat 105 °C kurutulan 6rnekler
ile karstlastirilabilir bir dogrulukla giivenilir sekilde kurutuldugu belirlenmistir. Jalilian vd. (2017) ise
600 watt'lik 10 dakikada mikrodalga firinda kurutulmasinin etiiv sonuglarina benzer sonuglar verdigini
belirtmisleridir. Bu ¢alismada Mikrodalga kurutma sonuglari sistematik olarak belli oranda dusiik
gerceklesmesi teorik ¢oztimleri mimkiin kilmaktadir.

Mikrodalga kurutma stresince Orneklerdeki organik madde igeriginde bir degisim olup
olmadigina iliskin yapilan 6lciim sonuglari Cizelge 2 de verilmistir.
Cizelge 2. Mikrodalga kurutma 6ncesi ve sonrast organik madde igerikleri, %

Toprak grubu Organik madde, %
Once Sonra
0,498 0,503
Toprak 1(T1) 0,480 0,520
0,475 0,485
0,684 0,718
Toprak 2(T2) 0.694 0758
0,699 0,457
0,756 0,406
Toprak 3(T3) 0.761 0.406
0,754 0,406
Eslemeli t test (P>0,05) 0.081

Genel olarak organik madde icerikleri 0,406-0,761 arasinda degisim gostermistir. Bu degisim
istatistiksel olarak (P>0,05) anlamli bulunmamistir. T1 ve T2 grubunda 6ncesi ve sonrast aynt degisim
araliginda degerler elde edilirken T3 i¢in kurutma sonrast 6neli bir dusis belirlenmistir. Ancak
degisimler aynt grup tekerriirleri arasinda da gbzlenmis olmasi 6l¢lim yontemindeki hassasiyet ile
iliskilendirilebilir. Zaten % organik madde igeriginin diisitk olmasi ve kurutma sirasinda kaybolacagt
distintlen miktar % nem hesabu igerisinde 6nemli bir degisim potansiyeline sahip degildir.

Degerlendirme

Sulama uygulamalarinin planlanmasinda temel faktor olan toprak nemi verilerin elde edilmest,
geleneksel gravimetrik yontemle elde edilmesi uzun zaman gerektirmesi 6nemli bir dezavantajdur.
Yapilan bu ¢alisma mikrodalga kurutma yontemi ile bu stirenin 15-25 dakika araligina ¢ekilebilecegini
gostermistir Ancak mevcut nem igerigi, biinye, kurutma stiresince kabuk baglama, buharlagsma ytizey
alani gibi faktorle bu siireye etki ettigi anlasiimaktadir. Bu nedenle esas olan sabit agitliga ulasildigindan
emin olunmasidir. Bu konuda tartili ve i¢ sicaklik ayarli mikrodalga firinlarin tretimi Gzerinde ileri
calismalari gereklilig bulunmaktadir. Diger bir konuda ulasilan bu sabit agithigin standart firin kur
agirtligi ile son derece uyumlu oldugu, ideal kosullar olusturuldugunda mevcut tamamen esit olabilecegi
anlasiimaktadir. Diger 6nemli konuda organik madde igerigi daha yiiksek topraklarda mikrodalga
kurutma stirecinde organik madde kayb1 olusmaksizin sadece suyun uzaklastirilmasinin saglanmasidir.
Sonug olarak sensor teknolojilerin kendi i¢indeki kisitlarida dikkate alindiginda; hem arastirma hemde
treticilerin kullanimit agisindan mikrodalga kurutma yontemi 6nemli bir potansiyele sahip oldugu
gorilmektedir.
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Yesil Reyhan Genotiplerinde Farkli Bigim Sayilarinin Verim ve Verim
Unsurlart Uzerine Etkisi

Musa TURKMEN!

Girig

Tatlt feslegen (Ocimum basilicum 1.) yerel olarak “feslegen veya reyhan” olarak bilinir, Asya'ya
Ozgudir ve Turkiye dahil olmak tzere Akdeniz tlkelerinde tohumdan siis veya tarla bitkileri olarak
yaygin sekilde yetistirilir (Tada ve ark, 1996, Reuveni ve ark, 2002, Adigiizel ve ark, 2005). Ocimum
cinsi Lamiacea familyasina ait, Asya, Afrika ve Gliney Amerika'nin tropikal ve subtropikal bolgelerine
6zgl calilardan olusur (Darrah, 1988). Ocimum cinsi 150'den fazla tiir igerir ve Lamiaceae familyasinin
en buyik cinslerinden biri olarak kabul edilir (Evans, 1996). Ocimum basilicum L. (tath feslegen), tek
yillik bir bitkidir. Tim diinyada ¢esitli bolgelerde biytyor. Feslegen genellikle kurutulmus tirtin olarak
satilmaktadir ¢linkii kolayca tasinir ve uzun stire saklanir. Ancak, taze feslegen ekonomik olarak daha
o6nemli ve ¢ok daha Ustln lezzeti ve iyi gorsel kalitesi ile daha ¢ok talep edilmektedir. Taze feslegen
¢ok ¢abuk bozuldugu i¢in ¢ok kisa bir raf dmriine sahiptir. Bitki, gida ve agiz bakim triinlerinde yaygin
olarak kullanilmaktadir. Bitkinin ugucu yag: parfimeri sanayinde yaygin olarak da kullandmaktadir
(Baytop, 1984). Feslegen ucucu yag1 ayrica, sekerleme ve unlu mamuller gesniler, sosis ve et, salata
sosu, alkolsiiz icecekler, dondurmalar; ayni zamanda parfiimeride oldugu kadar dis ve agiz triinlerinde
de genis uygulama alani bulmustur (Akgtl, 1989; Arabact ve Bayram, 2004, Asimgil, 1996; Baytop,
1999). Ayrica atesli hastaliklar, zayif sindirim, mide bulantist, karin kramplari, gastro-enterit, migren,
uykusuzluk, depresyon, bel soguklugu, dizanteri ve kronik ishal yorgunlugu gibi rahatsizliklarda cesitli
tedavilerde halk ilaci olarak kullanilmaktadir (Simon ve ark, 1999).

Feslegen, bircok yiyecege ayrt bir lezzet katan yapraklari sayesinde baharat olarak uzun bir
gecmise sahiptir (Gulgin ve ark, 2007). Ayni zamanda, bécek kovucu, nematosidal ve antibakteriyel
aktiviteye sahip biyolojik olarak aktif bilesenler iceren bir aroma bilesikleri ve ugucu yag kaynagi olarak
kabul edilir (Chiang ve ark, 2005, Baratta ve ark;1998). Yaprak rengi (yesil veya mor), cicek rengi (beyaz,
kirmizi, mor) ve aromast farklt olan bir¢ok feslegen ¢esidi vardir (Morales ve Simon, 1996).

Materyal metod

Calisma Akdeniz ckolojik kosullarinda yapildi. Bu c¢alismada kullanilan, Fransa'da tescilli
cesitler (Iri yaprak ve Marul yaprak) olan Reyhan tohumlart bazi ticari firmalardan temin edilmistir.
Ayrica diger genotipler Macaristan Garafarm'dan (Thuyj illatu, Térpe ve Magos) tedarik edildi. 5
feslegen genotipinin (O. basilicum 1..) tohumlart kullanildigt bu ¢alismada tohumlar, 20 Subat'ta sera
kogullarinda (1: 1 torf ve petlit) ekildi. 3-5 yaprak evresine kadar yetistirilen fideler, Kirikhan/Hatay
mevkinde bulunan deneme alanina dikilmistir. (25 Nisan). Deneme, faktoriyel deneme desenine gore
rastgele bloklar halinde, 3 m sira uzunlugunda doért sira ve ti¢ tekerriirlii olarak kurulmustur. Denemede
stra tizeri mesafe 30 cm, sira arast mesafe ise 40 cm olarak belirlendi. Ayrica blok ve parseller arasinda
100 cm bosluk kullanidmistir. Bloklarin kenarlarinda kenar tesir olarak birer sira birakildi. Deneme 9

! Musa Turkmen, Dr. Ogr Uyesi, Hatay Mustafa Kemal Universitesi, Tarla Bitkileri Bélimii, turkmenmusa@hotmail.com
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blok ve 45 parselden olusuyordu. Reyhan genotiplerinde yil igerisinde tek hasat ve iki hasat yapildiginda
verim Uzerine etkisi arastirilmistir.

Bitkiler tam ciceklenme déneminde iki kez ve ciceklenme sonrast dénemde bir kez hasat
edilmistir.

Incelenen 6zellikler;

1. Bitki boyu (cm): Bigimden 6nce her parselden rastgele secilen 10 bitkinin boyu 6l¢tlerek
ortalamast alinmistir.

2. Yesil herba verimi (kg/da): Parsellerin kenar tesitleri alindiktan sonra kalan alanlardaki
bitkilerin farkli yikseklerde bigilip hemen tartilmastyla elde edilmistir.

3. Kuru herba verimleri (kg/da): Yesil herba icin tartim yapildiktan sonta, 500 g 6rnek 35 °C’de
sabit agirhiga gelinceye kadar kurutularak % nem ve kuru herba orant beliflenmistir. Bu oranlardan
faydalanilarak kuru herba verimleri hesaplanmugtir.

4. Kuru yaprak verimleri (kg/da): Kuru herba verimi icin alinan ve 35 °C kurutulup nem orani
belirlenen 6rnekte, yaprak ve saplar ayiklanarak yaprak oranlar (%) belitflenmistir. Bu oranlardan
faydalanilarak, kuru yaprak verimleri hesaplanmustir

Bulgular ve Tartigma

Tek hasat yapilan genotiplerde bitki boyu incelendiginde en uzun yiiksek bitki boyu 67.07 cm
ile It yaprak genotipinde tespit edilmistir. Bunu sirasiyla 63.17 cm ile Thuyj illatu genotipi ve 55.87 cm
ile Magos genotipinin izledigi tespit edilmistir. En diigiik bitki boyu ise 41.80 cm ile Térpe genotipinde
belirlenmistir. Bu genotiplerin yaprak en ve boylart incelendiginde ise en yiksek en 542 cm ile
isminden de anlagilacagi gibi marul yaprakli genotipten elde edilmistir. Diger genotiplere oranla daha
kiiciik boylu olan térpe geneotipi ise 1.62 c¢cm ile en distk yaprak enine sahip genotip olarak
belirlenmistir. Yaprak enleri sirastyla Iri yaprak 3.15 cm, Magos 2.55 cm ve Thuyj illatu ise 2.43 cm
olarak belirlenmistir. Yaprak boylart acisindan incelendiginde en yiiksek yaprak boyu yine 7.33 cm ile
Marul yaprak genotipinde tespit edilirken en disiik yaprak boyu ise 2.59 c¢m ile Torpe genotipinden
elde edilmistir. Yapraklar en/boy orani bakimindan incelendiginde en yiiksek en/boy orant marul
yaprak genotipinde tespit edilmistir. En diisiik oran ise Thuyj illatu genotipinde Slgtilmustir.

Tablo 1. Tek hasat hasat yapilan yesil reyhan genotiplerinin bitki boyu ve yaprak en-boy oranlarinin

incelenmesi

Cesitler Bitki boyu (cm) Yaprak eni (cm) Yaprak boyu(cm) En/boy (cm)
Iri Yaprak 67.07£5.94 3.15%x0.21b 5.33+0.32 b 0.59£0.01 bc
Magos 55.8713.58 2.55%0.16 b 3.56%0.44 c 0.73£0.06 a
Marul Yaprak 54.4313.64 5.4210.40 a 7.3310.60 a 0.74£0.03 a
Thuyj Illatu 63.17£5.00 2.43%0.03 bc 5.02+0.10 b 0.48%0.01 ¢
Torpe 41.80%0.10 1.6220.09 ¢ 2.5910.04 ¢ 0.62+0.02 ab
F Value 291ns 31.36%+* 17.65%** 9.06*+*
Coef. Var. 18.80 44.80 37.33 17.37
Std. hata ort. 2.75 0.35 0.46 0.03

Daha 6nce yapilan ¢alismalarda arastirmacilar iki hasat yaptiklari reyhan genotiplerinde ilk
hasatta en ytksek bitki boyunu 52.33 cm, ikinci bigimde 45.00 cm olarak tespit etmislerdir. en dustik
degerler ise her iki bicimde sirastyla 15.66 ve 18.66 cm olarak belirlemislerdir (Karaca ve ark. 2017).
Ekren ve arkadaslart (2009) yaptiklart ¢alismada bitki boylarint ¢alismanin ilk yilinda en yiksek 60.4
cm en disik ise 33.9 cm, ikinci yilinda ise en yuksek 56.7 cm ve en distik 38.8 cm arasinda degistigini
bildirmislerdir.
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Genotiplerin yas yaprak, dal ve cigek oranlari incelendiginde en yiiksek yaprak orant %28.20
ile Magos genotipinde goriliirken bunu strastyla %25.27 ile Iri yaprak, %19.47 ile Marul yaprak
genotipi ve %18.27 ile Thuyj illatu genotipinde gorulmistiir. En disik yaprak orani ise %16.50 ile
Torpe genotipinde gorulmektedir. Yas ¢icek oranlart incelendiginde ise en yiiksek ¢icek orant %74.50
ile Torpe genotipinden elde edilmistir. En diistk cigek orani ise %043.53 ile It yaprak genotipinden
elde edilmistir. Yas ¢icek oranlart sirastyla Thuj illatu genotipinde %57.93, Marul yaprakta %56.80 ve
Magos genotipinde ise %49.40 olarak belirlenmistir. Dal oranlart agisindan incelendiginde ise en
yuksek dal oran1 % 31.20 ile Iri yaprak genotipinde taspit edilirken, en dusiik dal oran1 %9.00 ile Térpe
genotipinde belirlenmistir.

Tablo 2. Tek hasat hasat yapilan yesil reyhan genotiplerinin yaprak, dal ve ¢icek oranlarinin incelenmesi

Cesitler Yas yaprak oram1  Yas dal oram1  Yas ¢igek oram1  Kuru yaprak orani
(%) (%) (%) (%)

Iri Yaprak 25.2710.29 a 31.20£1.15a 43.53+1.44d 16.39£0.86 a

Magos 28.20%1.15a 22.40+1.15b 49.40%1.15 ¢ 17.42%0.61 a

Marul Yaprak 19.47£1.39 b 23.7310.37 b 56.80£1.04 b 10.39£1.95b

Thuj Illatu 18.27£0.67 b 23.80£0.20 b 57.93£0.87 b 11.05£1.24 b

Torpe 16.50£0.50 b 9.00£1.00 ¢ 74.50£0.50 a 11.53*1.41b

F Value 21,428 81.66%F* 101.03%** 10.01**

Coef. Var. 21.97 34.30 19.24 26.71

Std. hata ort 1.22 1.95 2.80 0.96

Kuru yaprak oranlart incelendiginde en yitksek oran 9%17.42 ile Magos genotipinde
belirlenmistir. Bunu sirastyla %16.39 ile Iri yaprak izlerken en diisitk kuru yaprak orant %10.39 ile
magos genotipinde tespit edilmistir. Kuru dal oranlar incelendiginde ise en ytksek kuru dal oran:
%22.21 ile Marul yaprak genotipinde belirlenirken en diisik kuru dal orani ise %8.87 ile Torpe
genotipinden elde edilmistir. Cigeklerin kuru oranlart incelendiginde en yiksek kuru ¢icek orani
%79.60 ile To6rpe genotipinden elde edilmistir. Bunu sirastyla Magos ve Thuj illatu genotiplerinin
izledigi gorulmektedir. En diisik kuru ¢icek orant ise %061.45 illeMagos genotipinde tespit edilmistir.

Tablo 3. Tek hasat hasat yapilan yesil reyhan genotiplerinin yaprak, dal ve gigek oran ve verimlerinin
incelenmesi

Kuru dal oran1  Kuru ¢gicek oran1  Yas herba verimi Kuru herba verimi

Cesitler

%) (%) (kg/da) (kg/da)
Iri Yaprak 11.14%1.52 72.4711.86 3325.17£1067.86 953.461+276.44
Magos 21.13%+0.95 61.45+0.73 2489.741+96.92 878.16+112.65
Marul Yaprak 22.21%1.15 67.40%3.08 2748.41+451.08 931.14+173.23
Thuj Illatu 17.0915.06 71.86%6.24 2257.04£209.26 746.43172.81
Torpe 8.87+1.72 79.60£3.13 3696.181914.93 1096.35£174.48
F Value 4.06ns 3.42ns 0.86ns 0.38ns
Coef. Var. 39.25 11.13 36.05 32.45
Std. hata ort 1.74 2.08 260.14 73.71

Reyhan genotiplerinin tek hasat yapilan parsellerinin yas herba verimleri incelendiginde en
yiiksek yas herba verimi 3696.18 kg/da ile T6rpe genotipinden elde edilitken bunu 3325.17 kg/da ile
Iti yaprak genotipinin izledigi gortilmektedir. Bunu sirastyla 2748.41 kg/da ile Marul yaprak, 2489.74
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kg/da ile Magos genotiplerinin izledigi beliflenmistir. En dustik yas herba verimi ise 2257.04 kg/da ile
Thyj illatu genotipinden elde edilmistir.

Bir yil igerisinde iki defa hasada birakilan reyhan genotiplerinin ilk hasadinda bitki boylart
incelendiginde en ytksek bitki boyt 43.93 cm ile Thuj illatu genotipinde belitlenirken bunu sirastyla
39.37 cm ile Ir1 yaprak, 37.53 cm ile Magos genotiplerinin izledigi gérilmektedir. En dustik bitki boyu
ise 24.43 cm ile Torpe genotipinde Ol¢ilmistiir. Yaprak en-boy 6lgileri agisindan incelendiginde ise
3.61 cm ile eni en yiiksek genotip Magos olarak tespit edilitken en diisiik en ise 1.24 cm ile Torpe
genotipinde 6l¢tlmustiir. Bitki genotiplerinin ilk hasatta yaprak boylari incelendiginde ise Marul yaprak
genotipi 8.44 c¢m ile yaprak boyu en uzun genotip olarak tespit edilmistir. Bunu sirasiyla 8.23 cm ile
Thyj illatu, 7.88 cm ile Magos ve 6.98 cm ile Ir1 yaprak genotiplerinin izledigi belitlenmistir. En distk
yaprak boyu ise 2.80 cm ile Térpe genotipinden elde edilmistit. Yaprak en/boy oranlart incelendiginde
en yitksek oran %0.46 cm ile Magos genotipinde belirlenirken, en diisitk oran %0.39 cm ile Iri yaprak
genotipinde Sl¢tlmiistir.

Tablo 4. ki defa hasadi yapilan yesil reyhan genotiplerinin ilk hasatta bitki boyu ve yaprak en-boy

oranlarinin incelenmesi

Cesitler Bitki boyu (cm)  Yaprak eni (cm) Yaprak boyu(cm) En/boy (%)
Iti Yaprak 39.3711.43ab 2.6910.22a 0.98%0.45a 0.39£0.01b
Magos 37.53£1.05b 3.61£0.13a 7.88%0.56a 0.46%0.03a
Marul Yaprak 34.33£1.86b 3.50%£0.15a 8.44%0.35a 0.42%0.02b
Thuj Illatu 43.93%£1.70a 3.32+0.16a 8.2310.08a 0.40£0.02b
Torpe 24.4310.99¢ 1.24+0.64b 2.80£0.47b 0.44%0.052a
F Value 22.62%* 8.99+* 5.33* 3.84%
Coef. Var. 19.71601 27.07165 13.65100 15.93468
Std. hata ort. 1.8286 0.2568 0.2914 0.0181

Yas yaprak oranlari incelendiginde en yiiksek yaprak orani %060.80 ile Magos genotipinden elde

edilmistir. Bunu strastyla %58.80 ile Marul yaprak, %54.67 ile Thuj illatu genotipleri izler iken en dustik
yaprak orani %33.33 ile Torpe genotipinden elde edilmistir. Yas dal oranlari bakimindan
incelendiginde en ytksek dal orant %23.53 ile Thuyj illatu genotipinde goriliirken en distk yas dal
orant %12.20 ile Magos genotipinden elde edilmistir. Yas ¢igek oranlari incelendiginde en yiiksek cicek
orant %50.47 ile T6rpe genotipinden elde edilmistir. Iri yaprak genotipinde ¢icek orant ise %27.80,
Magos genotipinde %27.00 ve Marul yaprakli genotipte ise %25.20 olarak tespit edilmistir.

Kuru yaprak orant en yitksek %64.75 ile Magos genotipinde goriilirken en dusiik oran %047.48
ile Térpe genotipinde belirlenmistir.

Tablo 5. Iki defa hasadi yapilan yesil reyhan genotiplerinin ilk hasatta yaprak, dal ve cigek oranlarinin

incelenmesi

Cegitler Yas yaprak oran1 (%) Yas dal oran1 (%) Yas ¢icek orani (%) Kuru yaprak orani (%)
Iti Yaprak 52.60%0.60b 19.60£0.60b 27.8020.60b 63.37a

Magos 60.80a 12.20d 27.00bc 64.75a

Marul Yaprak 58.801+0.40a 16.00£0.40c¢ 25.20%0.40c 55.06ab

Thuyj Illatu 54.67£1.31b 23.53+1.19a 21.80+1.22d 47.481+5.65b
Torpe 33.331£0.18¢ 16.20£0.72¢ 50.47£0.73a 25.11£3.97c

F Value 24829 30.96%** 228.85%F* 23.48%x*

Coef. Var. 19.57241 23.31239 34.89793 30.50390

Std. hata ort 2.6299 1.0538 2.7440 4.0290
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Kuru dal oranlari bakimindan incelendiginde ise en ytiksek kuru dal orani %30.26 ile Thuyj illatu
genotipinde gorilirken bunu sirastylam%20.10 ile Torpe, %17.21 ile Magos genotiplerinin izledigi
gortlmustir. En dustk kuru dal oranit ise %15.73 ile Marul yaprak genotipinden elde edilmistir.

[lk hasatlarin yas herba verimleri inelendiginde en yiiksek yas herba verimi 1317.50 kg/da Thuj
illatu genotipinden elde edilmistir. Bunu sirastyla 1046.82 kg/da ile Marul yaprak genotipi, 799.85
kg/da ile Iri yaprak, 676.29 kg/da ile Toérpe genotipinin izledigi tepit edilmistir. En dustk yas herba
verimi ise 542.51 kg/da ile Magos genotipinden elde edilmistir. Kuru herba verimleri incelendiginde
ise en yuksek kuru herba verimi 313.69 kg/da ile Thuyj illatu genotipinden elde edilmistir. En distk
kuru herba verimi ise 129.17 kg/da ile Magos genotipinden elde edilmistir. Digere genotiplerin kuru
herba verimleri ise sirastyla Marul yaprak 249.24 kg /da, Iti yaprak 190.44 kg/da ve Torpe 161.02 kg/da
olarak belitrlenmistit.

Tablo 6. ki defa hasadi yapilan yesil reyhan genotiplerinin ilk hasatta yaprak, dal ve cicek oran ve
verimlerinin incelenmesi
Kuru dal oran1  Kuru gigek  Yag herba verimi Kuru herba verimi

Cesitler

(%) oran1 (%) (kg/da) (kg/da)
Iti Yaprak 16.83b 19.80c 799.85+71.48b 190.44+17.02b
Magos 17.21b 18.03¢ 542.51+12.65b 129.1743.01b
Matrul Yaprak 15.73b 29.21b 1046.82+171.84ab  249.24%+40.91ab
Thuj Illatu 3026+1.61a  22.26%4.85bc  1317.504247.50a  313.69%58.93a
Torpe 20.10£2.84b  54.78+1.86a 676.29+15.44b 161.02+3.68b
F Value 15.68%++ 40.26%% 4.21% 4.21%
Coef. Var. 29.46578 50.00344 39.99424 39.99424
Std. hata ort 1.5237 3.7206 90.5212 21.5527

Iki hasat edilen genotiplerin agronomik 6zellikleri incelendiginde en yiiksek bitki boyu 55.27
cm ile Thuyj illatu genotipinde gorilmistiur. En distk bitki boyu ise 35.77 c¢m ile Torpe genotipinde
belirlenmistir. Iri yaprak, Magos ve Marul yaprak genotiplerinin bitki boylari ise sirastyla %650.70,
%48.87 ve %45.67 olarak tespit edilmistir. Yaprak enleri incelendiginde ise en buytk yaprak eni 8.11
cm ile Marul yaprak genotipinde 6l¢tlmistiir. En distk yaprak eni ise 1.36 cm ile Torpe genotipinden
elde edilmistir. Yaprak enleri Iri yaprak genotipinde 4.13 cm, Magos genotipinde 4.09 cm ve Thyj illatu
genotipinde ise 3.36 cm olarak tespit edilmistir. Yaprak boyu ise 10.72 cm ile en yiiksek Marul yaprak
genotipinde gorulirken bunu sirastyla 9.77 cm ile It yaprak, 8.32 cm ile Magos ve 5.90 cm ile Thuj
llatu genotipinde tespit edilmistir. En distk yaprak boyu ise 2.71 cm ile Torpe genotipinde
olculmustir. Yaprak en/boy oranlart incelendiginde ise %0.75 c¢cm ile Marul yaprak genotipinde
goriliirken, en disiik oran ise %0.42 cm ile Iri yaprak genotipinde tespit edilmistir.

Tablo 7. Tki defa hasadi yapilan yesil reyhan genotiplerinin iikinci hasatta bitki boyu ve yaprak en-boy

oranlarinin incelenmesi

Cesitler Bitki boyu (cm) Yaprak eni (cm) Yaprak boyu(cm) En/boy (%)
Iri Yaprak 50.70£0.55ab 4.13£0.21b 9.77+0.22a 0.42+0.02¢
Magos 48.87£0.58b 4.09£0.05b 8.321+0.56b 0.50%£0.03bc
Marul Yaprak 45.67£1.20b 8.11£1.10a 10.72£0.65a 0.75%0.06a
Thuj Illatu 55.27+2.47a 3.36£0.15b 5.90+0.23¢ 0.5710.02b
Torpe 35.77£1.86¢ 1.36%0.07c 2.71£0.15d 0.5020.01bc
F Value 22.626%% 23.346% 07.82%%¢ 13.21+*
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Coef. Var. 15.06322 56.79692 40.75833 22.78041
Std. hata ort 1.8378 0.6174 0.7877 0.0323

Ikinci hasat yapilan genotiplerin yas yaprak oranlart incelendiginde en yiiksek oran %39.89 ile
Térpe gentipinden elde edilirken bunu sirastyla %39.58 cm ile Magos, %35.43 cm ile Iri yaprak
genotipleri izlerken en disik yas yaprak orant %028.86 ile Thuyj illatu genotipinden elde edilmistir. Yas
dal oranlar1 incelendiginde ise en yiiksek dal orani %25.15 ile Thuyj illatu genotipinde belitlenirken en
distk yas dal orant ise %18.85 ile Magos genotipinde 6l¢tlmiustir. Yas cicek oranlari ise %45.99 ile
en yiksek Thuj illatu genotipinde gorilirken, en disuk cicek orant %40.05 ile Torpe genotipinden
elde edilmistir. Kuru yaprak oranlart incelendiginde en yiksek kuru yaprak orani %64.75 ile Magos
genotipinden elde edilirken bunu sirastyla %063.37 ile Iri yaprak, %55.06 ile Marul yaprak ve %50.20
ile Torpe genotipinden elde edilmistir. En dustik yaprak orant ise %47.48 ile Thuyj illatu genotipinin
izledigi goriilmektedir.

Tablo 8. Tki defa hasadi yapilan yesil reyhan genotiplerinin ikinci hasatta yaprak, dal ve cigek oranlarinin
incelenmesi

Yas yaprak oram1  Yas dal oram1  Yas ¢igek oram1  Kuru yaprak orani

Gegtler ) ) ) )
Iri Yaprak 35.43%+1.98ab 23.05+6.84 41.52+6.57 63.37a
Magos 39.58*1.01a 18.85+4.55 41.56*+4.41 64.75a
Marul Yaprak 31.51+3.00b 24.51+3.40 43.98+2.95 55.06ab
Thuj Illatu 28.86+1.72b 25.15+7.58 45.99+5.95 47.48+5.65b
Torpe 39.89+3.33a 20.06%+1.60 40.05+4.91 50.20+2.76
F Value 5.70* 0.27ns 0.18ns 6.41*
Coef. Var. 16.22838 36.43729 18.30427 14.67202
Std. hata ort 1.4688 2.1003 2.0144 2.1280

Kuru dal oranlart bakimindan genotipler incelendiginde en yuksek kuru dal orant %30.26 ile
Thyj illatu genotipinden elde edilmistir. En disiik kuru dal orani ise %15.73 cm ile Marul yaprak
genotipinden elde edilmistir. Kuru ¢igek oranlari bakimindan incelendiginde ise en ytiksek cigek orant
%29.21 ile Marul yaprak genotipinden elde edilmistir. En disik ¢icek orani %18.03 ile Magos
genotipinden elde edilmistir. Torpe genotipinin  kuru ¢igek orant  %27.47, Thuj illatu
genotipinin%?22.26 ve Ir1 yaprak genotipinin kuru gigek orant ise %19.80 olarak tespit edilmistir.

Tablo 9. Iki defa hasadi yapilan yesil reyhan genotiplerinin ikinci hasatta yaprak, dal ve cigek oran ve
verimlerinin incelenmesi
Kuru dal oran1  Kuru ¢gigek oram1  Yag herba verimi Kuru herba verimi

Gegiler %) %) (kg/da) (kg/da)
Iri Yaprak 16.83b 19.80bc 3421.55+233.31 822.42+47.96
Magos 17.21b 18.03¢ 2773.04+458.41 667.65+142.56
Marul Yaprak 15.73b 29.21a 3775.89+813.87 792.58+146.80
Thuj Illatu 30.26x1.61a 22.261+4.85abc 3757.90£225.93 852.31%£61.45
Torpe 22.34+4.03b 27.47%3.04ab 2166.94+311.22 386.09£26.52
F Value 9.19%* 4,20 1.83ns 3.16ns
Coef. Var. 30.60387 2499175 29.44462 32.44115
Std. hata ort 1.6178 1.5070 241.6904 58.9867
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Ikinci hasatlarin yas herba verimleri incelendiginde en yiiksek yas herba verimi 3775.89
kg/da ile Marul yaprak genotipinden elde edilmistir. Bunu sirastyla 3757.90 kg/da ile Thuyj illatu,
3421.55 kg/da ile Iri yaprak, 2773.04 kg/da ile ise Magos genotipinin izledigi tespit edilmistir. En
dusiik yas herba verimi ise 2166.94 kg/da ile T6érpe genotipinden elde edilmistir. Kuru herba verimleri
incelendiginde en yuksek kuru heba verimi 852.31 kg/da ile Thuj illatu genotipinden elde edilmistit.
En dustk kuru herba verimi ise 386.09 kg/da ile Toérpe genotipinden elde edilmistir. Genotipletin
kuru herba verimleri incelendiginde Iri yaprak genotipi 822.42 kg/da, Marul yaprak 792.58 kg/da ve
Magos 667.65 kg/da olarak tespit edilmistit.

Daha 6nce yapilan calismalarda arastirmacilar dikim sikligi tzerine yaptiklart calismada yas
hetba verimini 3901.2 kg/da (Ekren ve ark 2009), Karaca ve arkadaglart bazt feslegen
popiilasyonlarinin herba verimi tizerine yaptiklart calismada yesil herba verimini 195.00-383.99 ¢/bitki,
kuru herba verimini 22.21-46.85 g/bitki, kuru yaprak herba verimini 12.46-25.99 g/bitki olarak tespit
etmislerdir.

Sonug ve Oneriler

Tek hasat ve iki hasat yapilan yesil reyhan genotiplerinin verim tizerine etkileri incelendiginde
tek hasatta bitki boylarinin iki hasat yapilan parsellerin ilk ve ikinci hasadina gore daha yiiksek oldugu
gbzlemlenmistir. Tki hasat yapilan parsellerde ise ikinci hasatta bitki boylarmin ilk hasada gore daha
uzun oldugu belirlenmistir. Yas herba verimleri incelendiginde iki hasat yapilan genotiplerden ikinci
hasatta en yitksek verim elde edildigi g6zlemlenmistir. Sonug olarak iki hasadin reyhan genotiplerinde
yas ve kuru herba verimini arttirdigs tespit edilmistir.

370



Tiirkmen, Musa; Yesil Reyhan Genotiplerinde Farkli Bigim Sayilarinin Verim ve Verim Unsurlari Uzerine
Etkisi

Kaynaklar

Asimgil, A. (1996). Sifal Bitkiler, 2. Baski., Timas Yayinlari, Istanbul.

Akgitl, A. (1989). Volatile Oil Composition of Sweet Basil (Ocimum basilicum 1..) Cultivating in Turkey.
Nabrung 33 (1) : 87-88.

Arabaci, O., Bayram, E. (2004). The effect of nitrogen fertilization and different plant densities on
some agronomic and technologic characteristic of Ocimum basilicum L. Basil). Journal of Agronomy, 3(4):
255-262.

Baytop, T. (1984): Treatment with Plants in Turkey, Istanbul, Turkey, Istanbul Univ. Publ., No. 3255.
Baytop, T. (1999). Turkiye’de Bitkiler ile Tedavi Gegmiste ve Bugtin. 2. Baski., Nobel Tip Kitabevleri,
Istanbul.

Erken, S., Sénmez, C., Sancaktaroglu, S., & Bayram, E. (2009). Farkli dikim sikliklarinin feslegen
(Ocinmm basilicum 1..) bitkisinin verim ve kalite 6zellikleri tizerine etkisi. FEge Universitesi Ziraat Fakiiltesi
Dergisi, 46(3), 165-173.

Evans, WC. (1996). Trease and Evans’ pharmacognosy. London: W.B. Saunders Company;. p. 48.
Chiang, L. C,, Ng, L. T., Cheng, P. W., Chiang, W., & Lin, C. C. (2005). Antiviral activities of extracts
and selected pure constituents of Ocmum basilicum. Clinical and Experimental Pharmacology and Physiology,
32(10), 811-816.

Baratta, M.T., Dorman, H.].D., Deans, S.G., Figueiredo, A.C., Barroso, J.G., & Ruberto, G. (1998).
Antimicrobial and antioxidant properties of some commercial essential oil. Flav Fragr |, 13: 235-234.
Morales, M.R., & Simon, J.E. (1996). New basil selections with compact inflorescences for the
ornamental market, In: Janick J (ed.), Progress in new crops. Arlington: 543-546.

Simon, J..E., & Quinn, J., Murray, R.G. (1999). Basil: a source of essential oils. In: Janick, J., Simon,
J.E. (Eds.), Advanced in New Crops. Timber Press, Portland, OR, pp. 484e489.

Tada, H., Murakami, Y., & Omoto, T. (1996). Rosmarinic acid and related phenolics in hairy root
cultures of Ocimum basilicum. Phytochemistry 42: 431-434, 1996.

Reuveni, R., Raviv, M., & Krasnovsky, A. (2002). Compost induces protection against Fusarium
oxysporum in sweet basil. Crop Protection 21: 583-587.

Adigtizel, A., Gilliice, M., .Sengil, M., Ogiitgii, H., Sahin, F., & Karaman, I. (2005). .Antimicrobial
Eftects of Ocimum basilicum (Labiatae) Extract. Turk | Biol. 29 , 155-160.

Gulcin, I., Elmastas, M., & Aboul-Enein, H.Y. (2007). Determination of antioxidant and scavenging
activity of Basil (Ocimum basilicum L. family lamiaceae) assayed by different methodologies. Phytotherapy
Research, 21: 354—61. https://doi.org/10.1002/ptr.2069 PMid:17221941.

Karaca, M., Kara, S.M., & Ozcan, M.M., (2017). Determination of Herb Yield and Essential Oil

Content of Some Basil (Ocimum basilicum 1..) Populations. Ordu Unip. . Sci. Tech., 7(2): 160-169.

371



Alaboz, Pelin, Dengiz, Orhan & Saygin, Fikret; Spatial Distribution of Soil Penetration Resistance under Long
Term Apple Orchard Cultivation

Spatial Distribution of Soil Penetration Resistance under Long Term Apple
Orchard Cultivation

Pelin ALABOZ
Orhan DENGIZ?
Fikret SAYGIN’

Introduction

Penetration resistance, an crucial indicator of soil compaction, is a property that can be easily
measured in the field. Soil compaction; It is defined as the decrease in the porosity and void ratio, the
increase in the bulk density under a load or pressure, and it is an effective parameter on some
properties of the soil. Penetration resistance increases with compression, the oxygen and carbon
dioxide balance is affected, causing the formation of impermeable layers in the soil. Penetration
resistance varies depending on many properties and significant increases are observed depending on
the decreasing moisture content (Busscher, 1990; Seker, 1997; Turgut et al., 2008). Changes in
microbial activity due to decreasing oxygen concentration, decrease in aeration and hydraulic
conductivity with change in pore size distribution, the negative effect of nutrient mobility occur as a
result of soil compaction (Aksakal, 2004). Different values have been demonstrated depending on the
plant species, in order to limit the root growth of soil penetration resistance. Roque et al. (2003), 3.5
MPa value and above for cotton plant as the limit value in root development, while Kaiser et al. (2009),
3 MPa for beans, Beutler and Centurion (2004) reported the boundary penetration resistance as 2.38
(Medium texture) and 2.07 MPa (Clay) for rice yield at 0.01 MPa moisture tension. Bengough and
McKenzie (1994) reported that high penetration resistance in the root region will negatively affect
root elongation. Again, it has been evaluated that soil compaction due to field traffic affects root
development and causes an increase in bulk density and decreases in aggregate stability (Aksakal and
Oztas, 2010). As can be understood from the studies conducted, the effects of soil compaction on
root development significantly affect both soil and plant yield.

The production of apple, which is widely cultivated in our country, is 4.300.486 tons, according
to TUIK (2020) data. Isparta has the highest production potential. Gelendost is also one of the most
produced districts. In apple trees, water intake usually takes place through roots at a depth of 40 cm.
Fringe and fine roots are generally found at surface depths (Green and Clothier, 1999). Plowing
applications in apple orchards cause root damage and compressing. Thus, the intake of water and
nutrients is negatively affected. Field traffic density related to cultural practices can lead to ventilation
problems (Ferree and Warrington, 2003). Geostatistical methods have been widely used recently in
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order to determine the spatial variations of soils. Spatial changes can be determined with different
interpolation techniques in the distribution maps created in the region.

In this current study, the spatial distribution of the soil penetration resistance values of apple
orchards in Isparta province-Gelendost plain area where apple has been produced for many years was
investigated by using different interpolation methods. In addition, it was also aimed to reveal the
relationships between penetration resistance and other soil properties.

Material and Method
Material

The study was conducted in Isparta - Gelendost district (36S 320668.57E; 4212922.34N-
322495.74E-4225982.61N) (Figure 1). According to Corine (2018), 41.24% of the surface area is
agricultural land and 10.4% of this area is irrigated fruit areas. Gelendost plain, east of Lake Egirdir, is
a graben limited by faults on both sides. It is 930m above sea level and its area is 45 km®. The central
part of the plain is completely formed by alluviums. In the region; Starkrimson Delicious, Golden
Delicious, Granny Smith, and other apple varieties such as Red Chief, Scarlet Spur, Gala Group, Fuji,
Pink Lady have been produced. In the plain, cultivation has been continuing on dwarf, semi-dwarf
and seedling rootstocks for many years. For many years, apple production has been made on semi-
dwarf and seedling rootstocks in the south of the study area, while apple production has been made

on dwarf rootstocks with the increase in irrigable areas in the north and west (Yilmaz et al. 2000).
BLACK SEA %

EDITERRANEAN SE

EGRIDIR LAKE

High : 205’

4212000

# Soil samples
Low - 895 I ] Micro basin

312000 318000 324000

Figure 1. Study area
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Soil samples and soil analysis

In the study, surface soil sampling was done at 32 points from the field and disturbed and
undisturbed soil samples were taken. In addition, penetration resistance measurements (0-30 cm) of
the soils were made and some samples were weighed in the field to determine the moisture content.

Sand, silt and clay contents of soils were determined by Bouyoucos hydrometer method
(Bouyoucos, 1962), bulk density was determined using undisturbed sampling cylinders (100 cm?).
Electrical conductivity (EC) and pH values of soils were measured in 1: 1 soil-water suspension (Kacar
2009; Burt, 2014). CaCO; content was determined by volumetric calcimeter and organic matter
content modified Walkley-Black method. Moisture constants were determined volumetrically in
undisturbed samples with the help of a ceramic plate pF set (Burt, 2014).

Penetration resistance (PR) measurements were performed using a penetrologger
(Eijkelkamp). In the measurements, cone, 60 ° (NEN 5140, 1996) and a cone-shaped tip with a base
area of 1 cm” were used. Moisture correction in penetration resistance measurements was determined
according to Alaboz and Isiddar (2021), and wet aggregate stability was determined according to
Kemper and Rosenau (1986).

Some interpolation process and descriptive statistic

Descriptive statistics, control of distribution of data and correlations of soil properties were
evaluated through Minitap 16 package program.

In this current study, some different interpolation models (Inverse Distance Weighing-IDW
with the weights of 1, 2, 3 and radial basis function-RBF with thin plate spline (TPS), simple kriging
(OK) with spherical, exponential and gaussian variograms, ordinary kriging (OK) with spherical,
exponential and gaussian variograms, universal kriging (UK) with spherical, exponential and gaussian
variograms) were performed for generating the spatial distribution map of penetration resistance set
using ArcGIS 10.5v program. In addition to this process, root mean square error (RMSE) was taken
into consideration to assess and figure out the most suitable interpolation or the best fitting variogram
model. For that reason, the lowest RMSE shows the most suitable prediction for their spatial
distribution. Results were determined by using Eq. (1).

LS
RMSE = lIELEi"Ei} "
' n

In here; RMSE: root mean square error, Z is the estimated value, Zi- is the observed value,
and n is observation numbers.
Results and Discussions

Descriptive statistics of the properties of the soils in the study area are given in Table 1. Soils
contain 5.21- 45.00% clay, 4.90-47.90% silt, 17.12-74.69% sand. 25% of the soils are determined as
CL, 12.5% C, 12.5% L 18.75% SCL, 12.5% SL, 9.37% SiC and 6.25% SiCL texture class.
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Table 1. Descriptive statistics of soil properties

Descriptive Statistics

Min. Max. Mean Std. Dev. Variance Skewness Kurtosis
C-% 5.21 45.00 28.59 10.17 103.46 -0.73 0.37
Si-% 4.90 47.96 27.60 10.98 120.50 -0.24 -0.66
S-% 17.12 74.69 43.80 18.66 348.21 0.62 -0.38
OM-% 0.99 3.50 1.87 0.78 0.61 0.78 -0.65
pH 7.05 8.19 7.80 0.23 0.05 -1.45 3.72
EC- us/cm 70 793 330 183 33505 0.60 -0.32
CaCOs % 0.87 45.27 21.41 14.37 206.64 0.12 -1.31
PR-MPa 1.13 2.62 1.59 0.36 0.13 1.03 1.13
BD-gr cm” 1.13 1.55 1.36 0.10 0.01 -0.08 -0.75
FC-% 14.30 30.84 22.69 4.55 20.68 -0.04 -0.81
WP-% 6.62 18.77 10.65 3.33 11.07 0.29 0.11
AS-% 45.67 77.87 64.24 7.04 49.56 -0.57 1.40

C: clay, Sizsilt, S: sand, OM:organic matter, EC:electrical conductivity, PR:penetration resistance, BD:bulk density, FC:
field capacity, WP:wilting point, AS: aggregate stability

Soils showed neutral-slightly alkaline reaction and the most distant feature to normal
distribution. Negatively significant (p <0.05) relationships between pH and S properties of soils were
determined (Table 2). In the sand fraction, the pH level is expected to be low as the basic cations are
easier to eluviation. EC contents with the highest variance vatied between 70-793 pus / cm, CaCOs
between 0.87-45.27%. It is stated in Table 2 that EC and CaCO; properties show significant positive
correlations with the textural fractions and moisture constants of soils. According to Hazelton and
Murphy (2010), the organic matter content of soils was determined in the low and high range. Organic
matter showed a positive correlation with clay, TK and SN (P <0.01).

Penetration resistance is determined as 1.13-2.62 MPa. According to Schoeneberger et al.
(2012), 1-2 MPa is indicated as an indicator of medium compression and> 2 MPa as an indicator of
high compression. Say (1995), who investigated the variation of penetration resistance depending on
soil properties, stated that penetration resistance is lower in cultivated soil and penetration resistance
is affected due to the change in bulk density and moisture content with the increase of profile depth.
It was stated by Saglam and Dengiz (2017) that penetration resistance has positive correlation with
sand and negative correlation with clay content. Penetration resistance, which is an indicator of soil
compaction; It varies according to the properties of the soil, such as water content, cultivation, bulk
density, organic matter, texture, structure (Hernanz et al. 2000). Another indicator of soil compaction
is increased bulk density. A positive (0.415; p <0.05) significant correlation was determined between
penetration resistance and bulk density. Bulk density values of soils showed the closest distribution to
normal in the range of 1.13 - 1.55 gr cm™. The fact that the bulk density values were not in a wide
range caused both the normal distribution and the low variance. Moisture constants vary significantly
depending on soil texture. Field capacity and wilting point averaged 22.69% and 10.65%, respectively.
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Table 2. Correlations of soil properties and their significance levels

C Si S OM pH EC CaCO; PR BD FC WP AS
C 1
Si 0.556™ 1
S -0.87  -0.89" 1
OM 0.491™ 0245 -0.41" 1
pH 0377 0339 -0.40" 0.119 1
EC 0.470* 0.587 -0.60" 0.364 0.048 1
CaCO; 0.520™ 0.32 -0.47" 0387 034 0.251 1
PR -0.242 0.258 0.284 -0.283 0.145 -0.015  0.335 1
BD 0.073 0.204 -0.16 -0.038 0.021 0.08  0.109 0.415* 1
FC 0.780™ 0.722* -0.85" 0.489" 0.246 0.466" 0.396* -0.388* -0.029 1
WP 0.755™ 0.636™ -0.78" 0.658™ 0.265 0.630™ 0.542™ -0.129 -0.069 0.735™ 1
AS 0.431* 0.495~ -0.52 0.327 0.45° 0.135 0.038 -0.344 0.411" 0458 0.161 1

C: clay, Si:silt, S: sand, OM:organic matter, EC:electrical conductivity, PR:penetration resistance, BD:bulk density, FC:
field capacity, WP:wilting point, AS: aggregate stability

A low level of negative correlation was determined between field capacity and penetration
resistance. Pore geometry and structure are effective properties at FC level of soils. Field capacity of
soil and moisture content at wilting point; the texture varies depending on the organic matter and
structure, and the amount of moisture retained in these moistute constants increases with the decrease
in grain size, the increase in organic matter content and the improvement of the structure (Karahan
et al., 2014). By cultivating in a compacted soil, increases in the field capacity of the soils can be
determined as a result of the decrease in penetration. Wet aggregate stability of soils was determined
between 45.67-77.87%. The aggregate stability showed negative (p <0.05) with sand and positive
correlations with clay. The clay content with high surface area and organic material as an adhesive
agent increases aggregation (Gale et al., 2000).

Some interpolation models for PR were tested to define the most suitable predictive model
from among 15 verious semivariogram in order to create spatial distribution map of them. Then, the
semivariogram or function of each interpolation model produced the most suitable results was
determined (Table 3). The spatial and proportional distributions of PR in the study area are shown
Figure 2. Exponential semivariogram models of simple kriging was found suitable model for PR
distribution map (RMSE: 0.354).
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Table 3. Interpolation models and RMSE values of PR

Interpolation Semivariogram model RMSE
IDW-1 0.365

IDW IDW-2 0.382
1IDW-3 0.401

TPS 0.493

RBF CRS 0.381
SWT 0.375

Gaussian 0.365

Ordinary Exponential 0.372

Spherical 0.368

Gaussian 0.356

Kriging Simple Exponential 0.354
Spherical 0.355

Gaussian 0.365

Universal Exponential 0.372

Spherical 0.368

TPS: Thin Plate Spline, CRS: Completely Regularized Spline, SWT: Spline with Tension

312000 318000 330000

EGRIDIR LAKE

4216000

4212000

T T
312000 318000 324000

Figure 2. Spatial distribution map of penetration resistance in the study area

Generally, a medium level of compaction was found in the study area. PR values were higher
in the south direction where there are semi-dwarf and seedling rootstocks. In the north and west
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direction where there is medium level of compression, apple trees are cultivated on dwarf rootstocks.
Semi-dwarf and seedling rootstocks are used for many years. With the increase in apple production
demand, it has been started to grow mostly on dwarf rootstocks. The yield is higher in dwarf apple
cultivation. The basis of dwarf apple cultivation is to inhibit the growth of trees genetically or
physiologically. Trees are kept small and more saplings are planted per unit area. In this way, pruning,
irrigation, tillage, fertilization, struggle and harvest costs are minimized. At the same time it is

increasing productivity and quality (Anonymous, 2021). Soil compaction is less with the decrease of
field traffic.

Conclusion

In this study, the level of soil compaction has been determined in areas where apple has been
cultivated for many years. Also, which of the different interpolation methods has the highest predictive
accuracy for the production area. As a result of the study, medium and high level soil compaction was
determined. The RMSE varied between 0.354-0.493 in the distributions obtained by different
interpolation methods. The highest predictive accuracy was obtained with the simple kriging
exponential model. In the distribution map obtained, higher compaction was observed in the south
of the area where there are generally semi-dwarf and seedling rootstocks. As a result of this study, an
apple orchard is recommended on dwarf rootstocks where field traffic is less in order to minimize
compaction problems.
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Farkli Tasarim Parametrelerinin Hidrolik Kaplin Performans1 Uzerindeki
Etkilerinin Incelenmesi

Aydin Tekerek’
Safak Akgiinli¥
Metin Kemal Gokge’
Alper Altnigsik*

Giris

Hidrolik kaplinler icerisindeki akiskan vasitasiyla gii¢ veya tork aktarimi saglayan ve otomotiv,
savunma, denizcilik ve madencilik gibi bircok endiistriyel uygulamada kullanilan hidrolik makinelerdir.
En buytik avantajlari ise sistemler arasindaki gli¢ aktarimini herhangi bir mekanik baglanti olmaksizin,
yalnizca hidrodinamik etkilesimlerle gerceklestirebilmeleridir. Bu ¢alisma prensibiyle sistemler arasinda
olusabilecek mekanik sirtinmeler, titresimler ve sok yiikleri gibi istenmeyen olusumlarin aktariminin
oniine gecilebilmektedir.

Hidrolik kaplinler en genel anlamda tahrik saftina bagli bir pompa, pompadan gelen
hidrodinamik enerjiyi emerek tahrik edilen safta ileten bir turbin ve bu komponentleri kapsayan
sizdirmaz bir gévdenin icerisindeki hidrolik stvisindan olusmaktadir. Igerisinde bulunan stvi hacmi
bakimindan tam veya kismi dolu olarak farkli doluluk oranlarinda ¢alisabilmektedirler. Kismi dolu
olarak calisan hidrolik kaplinlerde doluluk oraninin dinamik olarak kontrol edilmesiyle ayni agisal
hizlarda farkli miktarlarda tork aktarimi saglanabilmektedir.

Bilgisayar ve islemci teknolojilerindeki biuyiik gelisme, guntimuzde bilgisayar destekli
mihendislik uygulamalarina da yansimis ve bu alanda c¢alisan muhendislerin gergeklestirdikleri
tasarimlarda anahtar bir rol oynamaya baslamistir. Hesaplamali akiskanlar dinamigi (HAD) alanindaki
cozuctlerin, glcli  islemcilerle hizli sonu¢ vermeleri optimum hidrodinamik tasarimlarin
yapilabilmesinin 6niint agmustir. Buna paralel olarak literatirde hidrolik kaplinlerin hidrodinamik
karakteristiklerini inceleyen bir¢ok ¢alisma yapidmistir. Wallace vd. gelistirdikleri matematiksel model
ile tam dolu durumda ve farklt hiz oranlarinda, hidrolik kaplinlerin hidrodinamik performanslarini
hesaplamislardir. Elde ettikleri sonuglart deneysel sonuglarla karsilastirmislar ve sonuglarinin uyumlu
oldugunu gérmislerdir (Wallace, Whitfield, ve Sivalingam, 1997). Bai vd. ¢alismalarinda bir hidrolik
kaplindeki ti¢ boyutlu kararsiz tiirbtlansli akisin sayisal simiilasyonunu gergeklestirmislerdir. Ttrbtlans
modeli olarak standart k-e tiirbillans modelini kullanmuglar, girdap olusumunun iletilen tork tizerine
etkisini gostermislerdir (Bai, Fiebig, ve Mitra, 1997). Huitenga ve Mitra HAD yaklasimi1 kullanarak ilk
calisma konumundaki bir hidrolik kaplinin = karakteristigini incelemislerdir. Farkli tasarim
parametrelerinde yapilan degisikliklerin ilk ¢alisma sartt icin istenilen performansi sagladigini ve
ekonomik olarak uygun sonuglar verdigini gérmislerdir (Huitenga, ve Mitra, 2000). Sun vd. de HAD
yaklastmi kullanarak endustriyel bir hidrolik kaplinin st transferi ve tork karakteristiklerini
incelemislerdir. Calismalarinin sonucunda kanatlarin dénme eksenine gore 20° a¢t yaptigt durumda

1 Aydin Tekerek, Uzman Muhendis, BMC Power, Transmisyon Tasarim ve Gelistirme Direkt6tlugt, aydin. teketek@bmcepower.com.tr
2Safak Akgiinlii, Mithendis, BMC Power, Transmisyon Tasarim ve Gelistirme Direktorligi, safak.akgunlu@bmcpower.com.tr

3Metin Kemal Gokge, Kidemli Mithendis, BMC Power, Transmisyon Tasarim ve Gelistirme Direkt6tlugt, kemal. gokce@bmcpowet.com.tr
4Alper Altrusik, Direktor, BMC Power, Transmisyon Tasarim ve Gelistirme Direktorligu, alper.altinisik@bmcpower.com.tr
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iletilen tork degerinde artis gérmiisler ancak bu durumun kavitasyon olusumu riskini artirdigini
belirlemislerdir. (Sun, Chew, Fomison, ve Edwards, 2009). Maqableh tam dolu durumdaki hidrolik
kaplin performansini 6ngéren mevcut matematiksel modelleri genisletmis ve bu modelleri kismi dolu
durumda ¢alisacak olan bir hidrolik kaplin performansini belirlemek icin kullanmuistir (Magableh,
2011). Luo vd. HAD yaklasimi1 kullanarak bir hidrolik kaplinin farkli hiz oranlarindaki akis dagilimlarini
incelemislerdir. Ytksek hiz oranlarinda hidrolik kaplin veriminin daha yiiksek, torus kesitindeki basing
dagilim tabakalarinin ise daha belirgin oldugunu belirlemislerdir (Luo, Feng, Liu, Chen, ve Fan, 2013).
Chen vd. farkli kanat egilim acilarina sahip retarder komponentlerinin hidrodinamik performanslarini
HAD yaklasimi ile irdelemisler ve kanat egilim acisinin retarder performanst Gstindeki etkilerini
gostermislerdir (Chen, Guo, Tan, Pei, ve Zhang, 2016). Hur vd. bir retarderin farkli doluluk
oranlarindaki hidrodinamik performanslarint HAD yaklasimu ile incelemislerdir (Hur, Moshfeghi, ve
Lee, 2018). Lomakin vd. ise bir hidrolik kaplinin performansini belifleyebilmek i¢in bir matematiksel
model olusturmuslardir. HAD yaklasimi kullanarak elde ettikleri sonuglart, matematiksel model ile elde
ettikleri sonuglarla karsidastirmiglardir (Lomakin, Cheremushkin, ve Petrov, 2019). Nejdali ise
calismasinda HAD yaklagimi kullanarak tam dolu durumdaki hidrolik kaplinin optimum kanat tasarim
parametrelerini belirlemeyi hedeflemistir (Nejadali, 2020).

Bu ¢alismada farkli hidrolik kaplin modellerinin hesaplamali akiskanlar dinamigi yaklasimi ile

hidrodinamik karakteristikleri belitflenmis ve tasarim parametrelerindeki degisimlerin  kaplin
performansi Gzerindeki etkileri incelenmistir. Tasarimsal degisiklikler iki ayr1 grup altinda toplanmis ve
olusturulan butlin kaplin modellerinin ayni ¢alisma sartlarinda HAD analizleri gergeklestirilmistir.
Boylelikle degisken tasarim parametrelerinin hidrodinamik performans tizerindeki etkileri arastirilmus,
gelecekte farklt kullanim amagclarinda tasarlanacak hidrolik kaplinlerde kullanilacak temel tasarim
parametrelerine 15tk tutmasi hedeflenmistir.

Hidrolik Kaplinlerle Ilgili Genel Ifadeler

Hidrolik kaplinler en genel anlamda pompa, tiirbin, ¢alisma stvist ve sizdirmaz gévde olarak
Sekil 1°de gosterildigi gibi dort temel bilesenden olusur. Calisma stvist olarak ¢ogunlukla hidrolik yagt
kullanilmaktadir. Ozel bir hidrolik kaplin tiirii olan tork konvertérlerde ek olarak tork artirimin
saglayan stator elemani da bulunur. Pompa tahrik saftina, tiirbin ise tahrik edilen safta mekanik olarak
bagli durumdadir. Birbirleri ile mekanik olarak herhangi bir baglantist bulunmayan bu iki komponent
arasindaki tork aktarimi hidrodinamik etkilesimlerle gerceklesir. Tahrik saftinin donmesiyle pompadaki
mekanik enerji ¢alisma sivisina aktartlir. Tirbin ise ¢alisma sivisinda olusan hidrodinamik enerjiyi
kanatlart vasitasiyla emerek mekanik olarak bagli oldugu safta iletir. S6z konusu aktarimdaki kayiplar
ise 1s1 enerjisi olarak stviya aktarilir ve ¢alisma stvisinin 1sitnmasina neden olur.

Pompa N Tirbin
"

\ [ Sizdirmaz Govde
ek Samt 4 Tahrik Edilen Saft
(e
f I
Yataklamalar ‘.
/ G

e

ligma Sivisi

Sekil 1. Hidrolik kaplini olusturan temel bilesenler
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Pompa ve tiirbin bilesenlerinde olusan tork degeri bilesenlerin giris ve ¢ikisindaki akiskanin
acisal momentumlarindaki degisimdir. Euler turbomakine denklemleri olarak da bilinen bu yaklagimla
bilesenlerde olusan tork degerleri asagidaki ifade ile hesaplanabilir:

T = (Viory — Viury) 1)

Burada m kaplin icerisinde gerceklesen sirkulasyonun kiitlesel debisini, Viq ve Vi, sirastyla
komponent giris ve c¢tkisindaki akiskanin donme eksenine gore tegetsel hiz bilesenlerini, Iy ve I'p ise
strastyla komponent giris ve ctkisinin dénme eksenine gore yarigaplarini ifade etmektedir. Buttunsel
olarak agisal momentumun korunumu ilkesi kaplin komponentlerine uyarlandiginda su sartin
saglanmasi gerekmektedir:

Tpompa + Tturbin =0 (2)

2 numaralt denkleme gore yataklama ve sizdirmazlik elemanlarindaki mekanik kayiplar ihmal
edildiginde, pompada olusan tork miktarinin tirbinde olusan tork miktarina esit oldugu
gorilebilmektedir. Bir hidrolik kaplinin gergeklestirecegi tork aktarimi, komponentlerin agisal hizlari
arasindaki fark ile iligkilidir. Bir kaplindeki en fazla tork aktarimi pompa belirli bir hizda dénerken
tirbinin duragan oldugu yani bagil agisal hizin en yiiksek oldugu durumda gergeklesir. Tirbin
hizlandik¢a komponentler arasindaki bagil acisal hiz azalacagindan iletilen tork miktar1 disecektir.
Tirbin hizi pompa hizina ulastiginda ise relatif acisal hiz sifir olacak, bu durumda teorik olarak tork
aktarimi gerceklesmeyecektir. Turbinin agisal hizi genellikle pompa agisal hizina bagli bir hiz orant (SR)
olarak su sekilde ifade edilir:

S 3)
Wp
Burada w; tiirbinin, w), ise pompanin agisal hizini ifade etmektedir. Kaplinin ilettigi tork,
asagidaki denklem kullanilarak boyutsuzlastirilabilir:

N 4)
p ‘DpzDg

Burada p calisma sivisinin yogunlugunu, D), ise pompa ¢apint ifade etmektedir. Belirli bir hiz

oraninda boyutsuz tork katsayist (4) bilinen bir kaplinin, ayni hiz oraninda farkli pompa hizlarinda veya
farkl caplarda iletebilecegi tork miktart hesaplanabilmektedir. Normalize tork degeri ise kaplinin belirli
bir hiz oraninda ilettigi torkun, iletebilecegi en fazla torka (SR=0) oranlanmast ile su sekilde
hesaplanmaktadir:

fletilen Tork (5)
Azami Tork (SR = 0)

T/Tmax =
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Olusturulan Hidrolik Kaplin Tasarimlar:

Bu boéluimde mevcut ¢alisma igin olusturulan hidrolik kaplin tasarimlart ifade edilmektedir.
Tam dolu ¢alisma durumunda, kaplin sogutmast i¢in uygulanan hidrolik yag besleme ve tahliye akis
debileri, pompa ve tiirbin komponentleri arasinda gerceklesen sirkiilasyon debisine kiyasla oldukca
disik oldugundan, hidrodinamik performans tzerine etkisi ¢ok azdir. Bu nedenle mevcut ¢alismadaki
kaplin tasarimlart besleme ve tahliye sinir kosullart olmaksizin kapalt modeller olarak olusturulmustur.
S6z konusu modeller yalnizca kaplinin akisla ilgi bolgelerini temsil etmekte olup akisa etkisi
bulunmayan sizdirmaz dis gévde, yataklama elemanlart gibi komponentler tasarimlara dahil
edilmemistir. Farkli tasarim parametrelerindeki degisimlerin, kaplinin hidrodinamik performansi
tzerindeki etkilerini inceleyebilmek i¢in iki ayr1 hidrolik kaplin tasarim grubu olusturulmusur. Sekil
2’de bu ¢alisma kapsaminda olusturulan 6rnek bir hidrolik kaplin modeli goriilmektedir.

00

Pompa Turbin \
Sekil 2. Calisma kapsaminda olusturulan 6rnek bir hidrolik kaplin modeli

Olusturulan hidrolik kaplin modellerinin temel boyutlart Sekil 3’teki gibi olup diger geometrik
Ozellikleri asagida siralanmustir:

e Olusturulan bitiin kaplin modellerinin pompa ve tiirbin kanat profilleri birbirleri ile simetrik
ve karsilikli kanat sayilari aynidir.

1. tasarim grubundaki tiim modellerde pompa ve tiirbin 21 kanada sahiptir.

2. tasarim grubundaki tim modellerde kanat egilim acilari 20°°dir.

Pompa ve tiirbinin i¢ ve dis ¢aplari sirastyla 100mm ve 200mm’dir

Torus kesiti dairesel olup ¢apt 50mm’dir.

D =200 mm

Sekil 3. Kaplin tasarimlarinin temel boyutlart ve 6zellikleri
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Hidrolik Kaplin Tasarun Grubu-1

Bu gruptaki degisken parametre Sekil 4’te gosterilen kanat egilim agist 3o olup, kanat egilim agilarinin
dénme eksenine gore 0°, 10°, 20°, 30° ,40° ve 50° olarak degistigi Sekil 5’teki gibi 6 farkli kaplin
tasarimindan olusmaktadir. Grup icerisinde yer alan kaplin modellerinin diger 6zellikleri aynidir.

TURBIN

\ .

Sekil 4. Kanat egilim agisinin kanat kesiti tizerinden gosterimi

Sekil 5. Farkli kanat egilim agilarina sahip tasarimlarin genel goriinisleri

Hidrolik Kaplin Tasarum Grubu-2

Bu grup Hidrolik Kaplin Tasarim Grubu-1’de yer alan 20° kanat egilim agisina sahip 21 kanatl
tasarimin diger butin 6zellikleri ayni olmak tizere, kanat sayilarinin 9, 13, 17 ve 25 olacak sekilde
degistirildigi bes farklt hidrolik kaplin tasarimindan olusmaktadir. Sekil 6’da bu grupta olusturulan
kaplin tasarimlari gosterilmektedir.
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9 Kanat 13 Kanat 17 Kanat 21 Kanat 25 Kanat

Sekil 6. Farklt kanat sayilarina sahip hidrolik kaplin tasarimlari
Hidrolik Kaplin HAD Analizleri

Bu bolumde daha 6nceki kisimlarda tasarim 6zellikleri ifade edilen hidrolik kaplin modellerinin
HAD vyaklasimi ile farklt hiz oranlarinda hidrodinamik karakteristikleri incelenmistir.

HAD Yaklasimimda Kullanilan Fiziksel Modeller

Calisma kapsaminda gergeklestirilen HAD analizleri sonlu hacimler yontemi ile ¢alisan, RANSE
(Reynolds-Averaged Navier-Stokes Equations) tabanli ticari bir yazihm ile gerceklestirilmistir.
Analizler zamandan bagimsiz olarak, hidrolik kaplin HAD analizlerinde iyi sonug verdigi bilinen k-
epsilon tiirbiilans modeli kullanilarak yapilmustir. Calisma sivist olarak hidrolik yag: tercih edilmis ve
¢oziimlemeler sikistirtlamaz akis kabtli ile yapilmistir. Calisma kapsaminda kullanilan hidrolik yaginin
akiskan Ozellikleri Tablo 1°’de verilmistir. Analizlerde sicakligin degisimi ihmal edilmis ve RANSE
¢ozictsindeki enerji denklemleri aktif edilmemistir.
Tablo 1. Hidrolik yaginin akiskan 6zelliklert

Yogunluk 834 kg/m3
Dinamik Viskozite 0.01202 Pa-s

Pompa ve tirbinin donts hareketleri, zamandan bagimsiz analizlerde literatirde yaygin olarak
kullanilan MRF (Moving Reference Frame) yontemi kullanilarak modellenmistir. Calisma kapsaminda
farklt hiz oranlarinda gergeklestirilen HAD analizlerinde pompa ve tirbinin donts hizlari Tablo 2’de

verilmistir.
Tablo 2. Farkli hiz oranlarinda pompa ve turbinin dénts hizlart
Hiz Oran1 | Pompa Devri (d/d) Tirbin Devri (d/d)
0 3000 0
0.2 3000 600
0.4 3000 1200
0.6 3000 1800
0.8 3000 2400
1 3000 3000
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Ag Yapisinn Olusturnlmast

Ag yapist bir akis ¢evresinin matematiksel olarak ¢6ézilebilmesi amaciyla ayriklastirilmis bir
temsilini ifade etmektedir. Sonlu hacimler tabanlt HAD yaklasimlarinda akis ¢evresinin modellenmesi
icin farklr ag tiirleri kullanilabilmektedir. Bu ag tiirlerinden biri olan polyhedral ag yapist, hidrolik kaplin
gibi kompleks geometriye sahip akis ¢evrelerini, cok yuzli yapist sayesinde diger ag tiirleri gore daha
iyi temsil etmektedir. Literatiirde polyhedral ag tiurtntn digetlerine gére avantajlarini ortaya koyan
¢alismalar bulunmaktadir. Sosnowski vd. eslenik (konjuge) 1s1 transferinin sayisal analizinde polyhedral
ag yapisinin digerlerine gore avantajlarini ortaya koymustur. Polyhedral ag yapist kalitesinin nispeten
yiuksek olmasinin, sayisal ¢Oziimiin kararliliginin daha yiksek olmasini sagladigint belirtmistir
(Sosnowski, Krzywanski, ve Gnatowska, 2017). Hur vd. bir retarder i¢in uyguladiklart HAD
yaklasiminda polyhedral ag yapilarinit tercih etmisler ve deneysel ¢alismalarla uyumlu sonuglar elde
etmislerdir (Hur ve digerleri, 2018). Hidrolik kaplin performansinin matematiksel teori ile hesaplandigt
bir diger ¢alismada Lomakin vd. matematisel model ile elde ettikleri sonuglart HAD yaklagimi ile elde
edilen sonuglarla karsilastirmislardir. Calismalarinda kullandiklart HAD modellerinde polyhedral ag
yapilarini tercih etmislerdir (Lomakin ve digerleri, 2019).

Bu kistmda mevcut ¢alismada HAD analizleri gerceklestirilecek olan hidrolik kaplin modellert
icin optimum ag yapisint belirlemek amaciyla bir agdan bagimsizlastirma c¢alismast yapilmustir.
Polyhedral tiir ag elemanlart kullanilarak eleman boyutlart diizenli olarak degistirilmis ve belitli bir
calisma kosulundaki kaplinin ilettigi tork degerleri HAD analizleri ile elde edilmistir. Farkli ag yapilart
ile analizler gerceklestirilmis ve ag elemani sayisinin sonuglart buytk oranda etkilemedigi nokta

belirlenerek, ¢alisma kapsaminda kullanilacak olan ag yapisina karar verilmistir.
Tablo 3. Farkli ag yapilari ile hesaplanan tork degerleri

Pompa Tiirbin Toplam Iletilen Tork
Eleman Sayis1 Eleman Sayis1 Eleman Sayis1 (Nm)
274.714 269.551 544.265 1429
367.815 378.961 746.776 1504
564.186 584.816 1.149.002 1610
1.026.931 1.009.219 2.036.150 1604
2.540.066 2.521.519 5.061.585 1609
3.438.456 3.421.326 0.859.782 1607
3000
E 2000
,E 1500 /"; 7 4 *

Eleman Sayisi

Sekil 7. Farklt eleman sayilarina sahip ag yapilari ile elde edilen tork degerleri
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Agdan bagimsizlastirma ¢alismasinda, hidrodinamik performanst incelenecek hidrolik kaplin
gruplari igerisinde ortak olarak kullanidan 20 derecelik kanat egilim agisina sahip 21 kanatlh model
kullanilmistir. S6z konusu modelin 3000 d/d pompa agtsal hizinda ve turbinin duragan oldugu (0 hiz
orant) durumda farkli ag yapilari ile elde edilen tork sonuglari Tablo 3’te gosterilmistir. Tablo 3’te
verilen tork degerlerinin eleman sayilarina bagl grafik gérinimi Sekil 7’deki gibi olmaktadir. S6z
konusu grafik incelendiginde 1.149.002 ve tizerinde eleman sayisina sahip ag yapilari ile elde edilen
tork degerlerinde 6nemli bir degisim gézlenmemektedir. Buna dayanarak mevcut ¢alisma kapsaminda
gerceklestirlecek olan hidrolik kaplin HAD analizlerinde 5.061.585 eleman sayisina sahip ag
yapisininda kullanilan eleman boyutlari tercih edilmistir. Sekil 8’de ise hidrolik kaplin HAD analizleri
i¢in tercih edilen ag yapisinin gorselleri verilmistir.

Sekil 8. Agdan bagimsizlastirma ¢aligmast sonucunda olusturulan ag yapist

Hidrolik Kaplin Tasarim Grubu-1 HAD Analizleri

Farkli kanat egilim agilarina sahip tasarimlardan olusan 1. Grup’taki hidrolik kaplinler icin bir 6nceki
kistmda ifade edilen sinir sartlarinda toplamda 30 adet HAD analizi gergeklestirilmis ve sonuglar Tablo
4 ve Sekil 9’da paylasilmistir.

Tablo 4. Hidrolik Kaplin Tasarim Grubu-1 HAD Analiz Sonuglart
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SR | Tork Iletimi (Nm) A T/ Tomax

0 294 0.0112 1
0.2 277 0.0105 0.94
° 0.4 271 0.0103 0.92
— 0.6 232 0.0088 0.79
0.8 150 0.0057 0.51

1 0 0 0

557 0.0211 1
0.2 556 0.0211 0.99
= 0.4 497 0.0189 0.89
— 0.6 372 0.0141 0.67
0.8 207 0.0079 0.37

1 0 0 0

1609 0.0611 1
0.2 1290 0.0490 0.80
2 0.4 953 0.0362 0.59
Q 0.6 606 0.0230 0.38
0.8 288 0.0109 0.18

1 0 0 0

4569 0.1735 1
0.2 3186 0.1209 0.70
2 0.4 2006 0.0762 0.44
e 0.6 1103 0.0419 0.24
0.8 442 0.0168 0.10

1 0 0 0

11452 0.4348 1
0.2 7599 0.2885 0.66
2 0.4 4530 0.1720 0.39
e 0.6 2043 0.0852 0.20
0.8 722 0.0274 0.06

1 0 0 0

9274 0.3521 1
0.2 6203 0.2355 0.67
= 0.4 3933 0.1493 0.42
Yo 0.6 2176 0.0826 0.23
0.8 786 0.0298 0.08

1 0 0 0
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12000

-0 Derece
10000 10 Derece
--20 Derece

30 Derece
8000
--40 Derece
--50 Derece

6000

iletilen Tork (Nm)

4000

2000

0 0,2 0,4 0,6 0,8 1
Hiz Orani

Sekil 9. Farklt kanat egilim acilarina sahip kaplinlerin tork iletim egrileri

Hidrolik Kaplin Tasarm Grubu-2 HAD Analizler

Farkli kanat sayilarina sahip tasarimlardan olusan 2. Grup’taki hidrolik kaplinler icin bir 6nceki kistmda
ifade edilen sinir sartlarinda toplamda 20 adet HAD analizi (21 kanat ortak model) gerceklestirilmis ve
sonuglar Tablo 5 ve Sekil 10°’da paylagilmustir.

Tablo 5. Hidrolik Kaplin Tasarim Grubu-2 HAD Analiz Sonuglar

SR | Tork Iletimi (Nm) A T/ Tomax
0 3199 0.1214 1
= 0.2 2236 0.0849 0.70
= 0.4 1381 0.0524 0.43
A 0.6 626 0.0238 0.20
a 0.8 161 0.0061 0.05
1 0 0 0
2544 0.0966 1
b= 0.2 1933 0.0734 0.76
= 0.4 1360 0.0516 0.53
M 0.6 812 0.0308 0.32
ar 0.8 338 0.0128 0.13
1 0 0 0
— 0 2037 0.0773 1
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0.2 1605 0.0609 0.79
0.4 1155 0.0438 0.57
0.6 718 0.0273 0.35
0.8 324 0.0123 0.16
1 0 0 0
1609 0.0611 1
b 0.2 1290 0.0490 0.80
g 0.4 953 0.0362 0.59
Y4 0.6 606 0.0230 0.38
a 0.8 288 0.0109 0.17
1 0 0 0
o 1328 0.0504 1
< 0.2 1070 0.0406 0.81
g 0.4 798 0.0303 0.60
N 0.6 521 0.0197 0.39
£ 0.8 254 0.0096 0.19
1 0 0 0
4000
3500
-=-9 Kanat
3000 -=-13 Kanat
17 Kanat
2500 -=-21 Kanat
-=-25 Kanat

2000

1500

iletilen Tork (Nm)

1000

500

0 0,2 0,4 0,6 0,8 1
Hiz Orani

Sekil 10. Farkli kanat sayilarina sahip kaplinlerin tork iletim egrileri

391



Tekerek, Aydin; Akgiinlii, Safak; G6kge, Metin Kemal; Altimigik, Alper; Farkli Tasarim Parametrelerinin
Hidrolik Kaplin Performansi Uzerindeki Etkilerinin Iincelenmesi

Sonug ve Degetlendirme

Mevcut ¢alisma kapsaminda tasarlanan hidrolik kaplinlerin HAD analizleri gerceklestirilmis ve
elde edilen hidrodinamik performans sonuglart bir 6nceki kistmda paylasilmistir. Bu kisimda,
gerceklestirilen HAD yaklasimindan faydalanilarak sz konusu tasarim parametrelerinin hidrodinamik
performansi nasil etkiledigi arastirilmaktadir. Bu baglamda akisla alakali olusumlarin skaler ve vektorel
buyikliklerle incelenebilmesi icin kaplin akis ¢evresi icerisinden Sekil 11°deki gibi eksenel ve silindirik
kesitler alinmus ve analiz sonrast (post-processing) gorseller icin bu kesitler kullanilmustr.

A-A

A _.I Torus Kesiti Silindirik Kesit

Sekil 11. Kaplin akis cevrelerinden alinan eksenel ve silindirik kesitler

Hidrolik Kaplin Tasarim Grubu-1 Sonuclarmm Dederlendirilmesi

Tablo 4’te paylagilan farklt kanat egilim agiarina sahip modellerin tork iletim degerleri
incelendiginde kanat egilim acisinin  bitlin  hiz oranlarinda iletilen tork degerini artirdigs
goriilebilmektedir. Incelenen modeller igerisinde en yiiksek tork degeri 40° kanat egilim agisinda elde
edilmis, 50° kanat egilim agisinda ise tork degeri nispeten diigsmiustir. Sekil 12 dikkate alindiginda torus
kesiti tizerinde yer alan O hiz oraninda akim hatlarindaki hiz vektorlerinin siddeti kanat egilim agist
arttikca yukselmektedir. Bu durum kaplin icerisinde pompa ve tirbin komponentleri arasindaki
sirkiilasyonun da debisinin yitkselmesi anlamina gelmektedir. (1) numarali Euler turbomakine
denklemi incelendiginde komponentlerin giris ve ¢tkislarindaki kiitlesel debinin artmast, tork degerinde
artisa neden olmaktadir. Ayrica Sekil 13°de silindirik kesit tizerinde O hiz oraninda elde edilen hiz
vektorleri incelendiginde kanat egilim agisinin artmastyla, pompa cikisindan tiirbine giden akisin
mutlak hiz degerinin arttig1 gorilebilmektedir. Pompalarin s6z konusu silindirik kesitlerdeki ¢evresel
hizlarinin gruptaki tim modeller igin ayni olacagi bilindiginden, bagil hiz bileseninin kanat egilim
acilartyla birlikte arttig1 anlagilmaktadir. Ancak 50° ve diger kiigiik kanat egilim agilarinda, 40”ye gore
bagil hiz bileseninde diists gerceklesmis ve sonug olarak bu modellerde mutlak hiz degeri nispeten
kiiciik olmustur. Bu durumda (1) numarali denklemde yer alan kiitlesel debi ve donme eksenine gore
tegetsel hiz degerleri kiicilmis ve boylelikle elde edilen tork degerleri nispeten daha kigik
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gerceklesmistir. Yiksek frenleme torkuna ihtiya¢ duyulan retarderlerde yiiksek egilim acilarina sahip
kanatlarin kullanilmasi bu sekilde agiklanabilir. Ayrica doluluk oraninin dinamik olarak kontrol edildigi
kismi dolu sekilde calisan hidrolik kaplin tasarimlarinda, disik doluluk oranlarinda da yeterli tork
iletiminin gergeklesebilmesi i¢in kanat egilim agilart yitksek olmaktadir.

Hiz (m/s)

.160

128

Sekil 12 1.

S\
Sekil 13 1. Grup silindir kesitinde 0 hiz oraninda elde edilen akim hatlart Gizerindeki hiz vektorleri
Mevecut tasarim grubu igerisinde en fazla tork iletimi 40° kanat egilim acisinda gerceklesmistir.
S6z konusu kaplin modellerine ek olarak 42°, 43°, 44° ve 45° kanat egilim agisina sahip modeller
olusturularak en fazla tork iletiminin elde edildigi kanat egilim acist da arastirlmistir. Ek olarak
olusturulan kaplin modelleri i¢in aynt stnir sartlart altinda, 0 hiz oraninda HAD analizleri
gerceklestirilmis ve sonuglar Tablo 6’daki gibi olmustur.
Tablo 6. 42°, 43°, 44° ve 45° kanat egilim agisina sahip modellerde 0 hiz oranindaki tork degerleri
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Bo Tork Iletimi (Nm) A

42 12656 0.4805
43 13175 0.5002
44 13732 0.5213
45 11745 0.4459

Tablo 6’daki tork iletim degerleri incelendiginde, 0 hiz oraninda en fazla tork iletimi 44° kanat
egilim agisina sahip modelde elde edilmektedir. Chen vd. farkli kanat egilim acilarinin retarder
performansina olan etkisini inceledikleri caligmalarinda 35°, 40°, 43° ve 45° kanat egilim actlarini
incelemisler ve en fazla tork iletim degerinin 43”lik modelde oldugunu belitflemislerdir (Chen ve
digerleri, 20106).

Hidrolik Kaplin Tasarim Grubu-2 Sonuclarmm Dederlendirilmesi

Tablo 5’te verilen farkli kanat sayilarina sahip kaplin tasarimlarinin tork iletim degerleri
incelendiginde 0 hiz oraninda, kanat sayisi azaldikea iletilen tork degerinin arttigt gérilmektedir. S6z
konusu hiz oraninda Sekil 14 ve Sekil 15°de gosterilen kesitler tizerindeki hiz vektdrlerinin siddetleri
tork artisint agtklamaktadir. Kanat sayist azaldik¢a mutlak hiz degerleri yiikselmekte ve bununla birlikte
mutlak hizin normal ve tegetsel bilesenleri biiylimektedir. Bu durum (1) numarali denklemdeki kiitlesel
debi ve donme eksenine gore tegetsel hiz bileseninin buiylimesine neden olarak torku artirmaktadur.
Sekil 9°da yer alan egriler incelendiginde 9 kanatli modelin ytksek hiz oranlarindaki tork iletimi diger
modellere gbre dustis gostermektedir. Bu durum kanatlardan kaynakli bagil hiz bileseninin yiiksek hiz
oranlarinda, disiik kanat sayist nedeniyle nispeten daha fazla dismesi seklinde agtklanabilir.

9 Kanat 13 Kanat 17 Kanat

21 Kanat 25 Kanat

Sekil 14 2. Grup torus kesitinde 0 hiz oraninda elde edilen akim hatlar1 Gizerindeki hiz vektorleri
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9 Kanat

P:‘f, = e

13 Kanat

Hiz(m/s) e

100
-
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60
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a3 A
XN %& 3
Py 3 hon

21 Kanat 25 Kanat

Sekil 15 1. Grup silindir kesitinde 0 hiz oraninda elde edilen akim hatlar tizerindeki hiz vektérleri

Ancak kanat sayisindaki azalmanin torku daima artiracagt yoniinde bir ifade dogru
olmayacaktir. Turbomakinelerde kanatlarin goérevi akiskant donme eksenine gére farkli agilarda
yonlendirerek agisal momentum degisimi saglamak oldugundan, ¢ok disik kanat sayiarinda soz
konusu yonlendirmeyi saglayamazlar ve buna bagl olarak ilgili komponentte olusan tork degerinde
dusts gerceklesir. Bu durumu mevcut ¢alismada inceyelebilmek adina 2. Gruptaki tasarimlara ilave
olarak pompa ve turbinin 1, 2, 5, 6, 7, 8, ve 10’ar kanada sahip oldugu kaplin modelleri olusturulmustur.
Daha sonra bu modellerin 0 hiz oraninda, diger modellerle ayni1 sinir sartlart altinda HAD analizleri
gerceklestirilmistir. Elde edilen sonuglar Tablo 7°deki gibi olup, 9°dan daha dusiik kanat sayilarinda
tork iletiminin azalmast bu durumu dogrulamaktadir.

Tablo 7. Distk kanat sayisina sahip kaplin modellerinde 0 hiz oranindaki tork degerleri

Kanat Sayis1 | Tork Iletimi (Nm) A
1 30 0.0011
2 56 0.0021
5 606 0.0230
6 1321 0.0502
7 2106 0.0800
8 2912 0.1106
9 3199 0.1214
10 3088 0.1172

Yiksek tork iletimi gereksinimi ile gerceklestirilecek bir kaplin tasariminda yalnizca azami tork

degerinin gerceklestigi kanat sayisint segmek dogru bir yaklasim olmayacaktir. Ornegin mevcut ¢alisma
kapsaminda 2. Grup igerisinde en fazla tork iletimi 9 kanatli modelde gerceklesmis olsa da, birim
kanada etkiyen yiik de en fazla bu modelde olacaktir. Bu sebeple kanatlarin yapisal dayanimlarinin ve
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ayrica kavitasyon olusumu riskinin de gbz 6niinde bulunmasi gerekmektedir. Bu baglamda uygun
yapisal dayanimin ve kavitasyon riski faktorlerinin de dikkate alinmasiyla daha ytksek kanat sayilarina
sahip tasarimlar tercih edilebilir.

Genel Dederlendirme

Bu calisma kapsaminda farkli kanat tasarim parametrelerinin bir hidrolik kaplinin hidrodinamik
performansi tzerindeki etkileri arastirlmistir. Calisma sonucunda kanat egilim agisinin tork iletim
degeri tizerinde belirleyici oldugu gérilmustiir. En yiksek tork iletimi 43° kanat egilim agisina sahip
modelde gerceklesmistir. Incelenen bir diger degisken parametre olan kanat sayisinin da tork iletim
degeri tizerinde etkili oldugu goérilmustiir. Bu ¢alisma 6zelinde incelenen kaplin modellerinde en fazla
tork iletimi 9 kanatli modelde gerceklesmistir.

Hidrolik kaplin tasarim galismalarindaki amag kaplinin kullanilacagi uygulamadaki tork veya
gic iletim degerini karsilayacak bir tasarim yapmak olmalidir. Dolayisiyla farkli kullanim alanlarinda
kullanilacak kaplinlerin optimum tork iletim degerleri farklilik gosterecektir. Bu baglamda mevcut
calismanin gelecekte farklt uygulamalar icin yapilacak olan hidrolik kaplin tasarimlarindaki kanat
tasarim parametrelerine fikir vermesi beklenmektedir.
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Transgenik Bitkiler Ile Fitoremediasyon Uzerine Bir Aragtirma

Ibrahim Ertan ERKAN'
Ozlem ARAS ASCFP

Girig

Son yillarda tarim alanlarindan inorganik maddelerin kontaminasyonlarini gidermek icin
gelencksel yontemlerin yuksek maliyetleri nedeniyle, alternatif disik maliyetli yontemlere buytik
bilimsel ve ticari bir ilgi ortaya ¢ikmustir. Toprakta asirt biriken agir metaller besinler ile insan ve hayvan
sagligina zarar vermektedir. Bu nedenle toprak, gereksiniminden fazla olan agir metalleri depolama
ozelligine sahip hiperaktiimiilator ad1 verilen bitkiler vasitastyla temizlenebilmektedir (Asti ve S6nmez
20006; Yavas vd. 2020). Fitoremediasyon, kirleticilerin toprak ve sudan bitki bunyesine alinarak zararsiz
hale getirilmesi olarak tanimlanir (Raskin vd. 1997; Abhilash vd. 2009; El-Khatib 2014). Ytksek
potansiyeli olan bu teknoloji agir metallerin kirlettigi toprak ve suyun temizlenmesinde daha ulasilabilir
bir yontemdir (Zhang vd. 2020).

Gegmiste bircok bitki fitoremediasyon i¢in aday bitki olarak g0Osterilse de ideal
hiperakiimilatér bitkilerin fitoremediasyon kabiliyetlerinin normal bitkilere gére fitotoksik elementleri
50 ila 500 kat daha fazla biriktirme potansiyeli vardir (Lasat 1999; Cherian ve Oliveira 2005).

Surdurilebilir, etkili ve yesil bir remediasyon (iyilestirme) siireci i¢in topragin bitkiler vasitasi
ile temizlenmesi yakin ge¢miste yapilan ¢ok sayida calisma ile ortaya konmustur (Hou vd. 2017; Song
vd. 2019; Azab vd. 2020). Kazma ve nakletme gibi klasik remediasyon tekniklerine kiyasla
fitoremediasyon ckosisteme daha az zarar vermektedir. Bu nedenle fitoremediasyonun yasam
dongusiine olan etkisinin daha az oldugu dustnilmektedir (Wang vd. 2020).

Ozay ve Mammadov (2013), bitkilerin stres toleranslarinin, stres siiresine ve maruz kaldig
elementin gesidine gore degistigini bildirmislerdir. Fitoremediasyon, ilk olarak yabani tiitlerde ve 6zel
alanlarda gozlemlenmistir. Ardindan genetigi degistirilmis genotiplerin gelismesiyle mahsul veren
bitkilerden de yararlanimistir. Calismanin ardindaki mantik farkli iklim kosullarinda kolayca biyttilip
yetistirilebilen, kirleticilerin miktarint kayda deger bir sekilde azaltan ytksek biokttleye sahip bitkiler
gelistirmektir. Bu nedenle arastiricilar derin kok sistemine sahip, hizli bityiiyebilen ve kirleticilere karst
dayanikli olan fitoremediasyon Ozelligine sahip bitkiler se¢gmektedirler (Marmiroli ve McCutcheon
2003). Bazi tilkelerde transgenik bitkilerin yetistiriciligi ekosistem igin hala risk olarak algilanmaktadir
(Peuke ve Rennenberg 2005). Gectigimiz son 15 yil icinde transgenik bitkilerin fitoremediasyon
teknolojisi i¢in olumlu potansiyel 6zellikleri gorilmustir.

Agir metaller herhangi bir mudahale olmaksizin toprakta pargalanmadan yiizyillarca
kalabilmektedir (Hooda 2007). Bitkilerin gesitli ve farkli metal tolerans mekanizmalari olmasina

! Tarimsal Biyoteknoloji B6limii, Ziraat Fakiiltesi, Isparta Uygulamali Bilimler Universitesi, 32270 Isparta / Tiirkiye
2 Fczane Hizmetleri Programi, Gelendost Meslek Yiiksekokulu, Isparta Uygulamali Bilimler Universitesi, 32900 Gelendost /
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ragmen, transgenik bitkilerde metal birikiminin ve toleransinin arttigina dair bircok rapor vardir.
Transgenik bitkilerin hepsinde olmasa da ¢ogunda ytksek diizeyde ifade edilen genlere bagli olarak
metal baglayict proteinlerin ve peptitlerin biyosentezleri de dahil olmak tzere genler toksik iyonlar
daha az toksik ve kolay uzaklastirabilen formlara veya kombinasyonlara déniistirebilmekteditler (De
Mello-Farias vd. 2011).

Genetik muhendisligindeki ilerlemelerin ¢ok hizli olmasi giinimiizde arzu edilen 6zelliklere
sahip transgenik bitki Gretimini artirmaktadir. Dizenli araliklarla kiimelenmis kisa palindromik
tekrarlarin (CRISPR) genetik manipiilasyon amaciyla kullanimi bu alanda devrim niteliginde bir bulus
olarak ortaya ¢ikmustir. Transgenik fitoremediasyon i¢cin ge¢cmiste transgenik bitkilerin gelistirilmesi ve
tretim maliyetleri bir dezavantaj olarak goriilse de son yillarda gelisen bilimin 1s1§1nda bu teknoloji artik
somut olarak kullanilmaya baslanmustir. Transgenik bitkilerle ¢evresel arindirma yakin gelecekte daha
olumlu bir bakis acisina sahip olacaktir. Guniimuzde halihazirda bir¢ok tlke tarafindan kullanilan
transgenik bitkilerin yiksek tGrtn veriminin yaninda tarima uygun olmayan, agir metallerin yiksek
seviyede oldugu bolgelerde toprak islaht i¢in kullanimi son derece 6nem arz etmektedir. Bu derleme
fitoremediasyonda transgenik yaklasimlar hakkinda bilgi vermeyi amaglamaktadir.

Fitoremediasyon

Bitkiler, metalleri dogal bir sekilde almaya egilimlidirler, bu da agir metalle kirlenmis topraklarin
bitki 1slaht olasiligint olusturur. Fitoremediasyon, gesitli bitkilerin kirleticileri par¢alamak, 6ziitlemek,
bunyesine almak veya hareketsiz hale getirmek icin kullanddigi siire¢ olarak tanimlanir.
Fitoremediasyon ismi altinda bir¢ok farkli teknoloji yer almaktadir. Bu ¢evreyle dost yesil teknoloji
baslica fitoekstraksiyon, fitostabilizasyon, fitodegradasyon, fitovolatilizasyon, rizofiltrasyon olmak

tzere 5 sekilde siniflandirilmaktadir (Hamutoglu vd. 2012; Rai vd. 2019; Azab vd. 2020).

Inorganik kirletici maddelerin bitkiler tarafindan uzaklastirilmasina fito-ekstraksiyon adi
verilir. Fito ekstraksiyonda kirleticiler bitki kokleri tarafindan alinmakta daha sonra bitkiler i¢inde yer
degistirmekte ve bitkiler hasat edildigi zaman uzaklastirlmaktadirlar. Bazi ¢alismalar, fitoremediasyon
ve bitki 1slaht i¢in kullanilan bitkilerin hizli biiytimesi ve yiiksek biyokiitle ve bol bir kék sistemi ile
kolayca ¢ogaltilmasi ve hedef metalin yiiksek seviyelerini biriktirme yetenegine sahip olmast gerektigini
gostermektedir (Ghosh ve Singh 2005; Wang vd. 2007). Hiperakimdulatorler, dis ortamda ytksek
yogunlukta bulunduklarinda agir metaller igin giicli bir emme ve biriktirme kapasitesine sahiptir. In
vivo ortamdaki nispeten dusiik metal konsantrasyonlarinda bile normal konsantrasyondan birkag kat
daha yiiksek agir metaller biriktirebilitler (Alvarez-Lopez vd. 2016).

Bugtine kadar, 40'tan fazla cinse ait 500'den fazla bitki turi, dogal metal hiperakiimilatorleri
olarak tanimlanmustir (Pollard vd. 2014). Ayrica yapilan bazi ¢alismalarda hiperakiimiilator bitkilerin
topraktan metalleri almasinin yant sira selatlanmis metallerinde topraktan cekilerek bunlari birlesik
formunda topraktan uzaklastirarak ortami kimyasallardan temizledigi de bildirilmistir (Wei vd. 2007,
Fu vd. 2015; Adiloglu 2020). Son yilarda hiz kazanan c¢alismalar, hem fitoekstraksiyonun
uygulanabilirligini hem de siireci verimli hale getirmek i¢in iyi biyokiitle verimi ve metal
hiperakiimiilasyonunun gerekli oldugunu gostermistir. Bu nedenle, dogal hiperakiimiilatorler oldugu
bilinen model bitki turleri tespit edilerek hiperakiimilasyondan sorumlu mekanizmalart arastirmak
gereklidir. Fitoekstraksiyonun optimize edilebilmesi i¢in de hiper birikimle ilgili 6zelliklerin ve
mekanizmalarin daha temel bir sekilde anlasilmasina ihtiyag bulunmaktadir. Fitoremediasyonun uygun
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maliyetli, ¢evresel ve estetik acidan uygulanabilir oldugu kanitlanmistir. Bu yéntem ayni zamanda
gevreye salinan kirletici miktarini 6nemli Olgide sinirlama yetenegine sahiptir (Truu vd. 2003;
Camenzuli ve Freidman 2015).

Bitkiler tarafindan 6zellikle yeralt: sularindaki agir metallerin adsorpsiyon mekanizmalarindan
biri de rizofiltrasyondur (Caroline ve Moa 2015). Rizofiltrasyon, bitkilerin kék bélgesini ¢evreleyen
agir metal kirleticilerinin veya fazla besin maddelerinin emilmesi siirecidir. Ayrica rizofiltrasyon ile
yeraltt suyundaki agir metallerin veya radyontklitlerin adsorbe edilmesi de mimkiin olmaktadir (Wang
vd. 2016; Han vd. 2021).

Fitostabilizasyon, ¢evredeki agir metallerin biyoyararlanimini azaltmanin yant sira kék yiizeyi
ile toprak arasindaki alanda bulunan kirletici maddeleri hareketsiz hale getirmek icin belirli bir bitki
turtini kullanan bir strectir. Buna gore, kok bolgesinde ve daha derinlerinde bulunan kirletici
maddeleri iceren topragy, tortulart ve camurlari stabilize etmek icin fitostabilizasyon yontemi basariyla
uygulanmaktadir (Stankovic ve Devetakovic 2016). Agir metallerin yuksek seviyeleri toprakta on
yillarca veya yuzyillar boyunca kalabilmekte ve halk sagligini ve ekosistemleri tehdit edebilmektedir.
(Boechat vd. 2016; Cui vd. 2020). Tablo 1’de de gosterildigi gibi 6zellikle Poaceae ve Brassicaceae
familyasina ait bitkilerin, agir metallerle kontamine olmus topraklara iyi adaptasyon ve fitostabilizasyon
kapasitesi gosterdigi bildirilmistir (Kacprzak vd. 2014; Pérez-Esteban vd. 2014; Visconti vd. 2020).

Fitovolatilizasyon, kirletici maddelerin ayni veya degistirilmis formda salinmasiyla daha
yuksek bitkilerde terleme mekanizmast yoluyla kirleticilerin alinmast, tasinmasi ve atmosfere salinmast
surecidir (Pilipovic vd. 2002). Ik asama, kirlenmis topraktan belirli metallerin benimsenmesi, daha
sonra bunlarin bitki iginde yer degistirmesi ve yapraklar yoluyla atmosfere salinmasidir. Bazi agir
metaller (As, Hg ve Se) gaz fazinda ¢evreye aktarilabilir. Arastirmacilar, bu metallerin temel formlarin
topraktan emebilen, biyolojik olarak bitki icinde gaz fazina ¢evirebilen ve yapraklar yoluyla atmosfere
salabilen dogal veya genetigi degistirilmis bitkiler tespit etmislerdir (Stankovic ve Devetakovic 2016;
Ahila vd. 2021).

Fitotransformasyon olarak da bilinen fitodegradasyon, bitkilerin ve bunlarla iligkili
mikroorganizmalarin ¢evreden, bozulabilen kirleticileri uzaklastirmak i¢in uygulanmasina dayanir (Ma
vd. 2016). Endofitik bakterilerin bitkilerle yakin iliskileri ve canli dokularda bulunma yeteneklerinden
dolayy, fitodegradasyon strecini optimize etmek icin kullanilmaktadirlar (Weyens vd. 2009; Luo vd.
2011; Pawlik vd. 2017). Fitodegradasyonda kullanilan bakteriyel endofitler, hastalik semptomlarina
neden olmadan konaket bitkilerinin i¢ kisimlarint kolonize eden ve ylzey dezenfekte edilmis
bitkilerden izole edilebilen veya bitki icinden ekstrakte edilebilen bakteriler olarak tanimlanmaktadirlar
(Schulz ve Boyle, 20006). Bircok arastirmact tarafindan bakteriyel endofitlerin, farkll bitki ttrlerinden
izole edilebilfigi ve bitki bliylimesini tesvik etmenin yani sira agir metalle kirlenmis toprakta yetisen
bitkiye daha yiiksek tolerans saglayabildigi bildirilmistir (Madhaiyan vd. 2007; Sheng vd. 2008; Chen
vd. 2010) (Tablo 1).

Tablo 1’de hiperakimilatorler bitkiler ve onlarin bulunduklart ¢evrelerinden uzaklastirdiklars
bazi elementler (yiksek miktarda bulunduklarinda toksik etkileri olan) verilmistir.

Tablo 1 Baz1 hiperakiimiilator bitkiler ve topraktan temizledigi elementler

Hiperakiimilat6r Bitki Topraktan Temizledigi Referans
Element
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Zea mays, Fagopyrum esculentum Moench,
Glycine max L.

Al Cd, Cu, Pb ve Ti

Pellet vd. 1995; Zheng vd.
1998; Yang vd. 2000

Brassica juncea, Brassica napus Se Banuelos vd. 1997
Lycopersicon esculentum Ni, Cd Madhaiyan vd. 2007
Brassica napus Pb Sheng vd. 2008
Pteris vittata, Pteris biaurita’ As Gonzaga vd. 2009
Solanun nigrum L. Cd Chen vd. 2010; Luo vd. 2011
Lycopersicon esulentum, Sedum alfredi, Cd Zhu vd. 2011; Li vd. 2015;
Sedum plumbizincicola Zhou 2020
Oenothera picensis Cu Meier 2012
C. scolymus , O. basilicum ve R. Cd, Cr, Pb, As, Fe, Zn, Boechat vd. 2016
officinaliss Cu
Borreria laevis, Eleocharis dulcis, Cd, Cu Sa’ad vd. 2018
Rhbynchosphora corynbosa
Oryza sativa Thallium (T1) Yao vd. 2018
Noccaea caerulescens Zn, Ni do Nascimento 2020
Sedum alfredii Hance Zn, Cd Lin vd. 2020
Brassica juncea Se, As, Cd, Cu, Pb Monei vd. 2020
Brassica juncea, Dactylis glomerata Cd, Pb, Zn Visconti vd. 2020
P. stratiotes 1, Salvinia adnata, Hydrilla Hg, Ni, Zn Ahila vd. 2021
verticillata
Lactuca sativa, Brassica campestris L., Uranyum Han vd. 2021
Raphanus sativus 1.., Oenanthe javanica
Agzolla pinnata Fe Hasani vd. 2021

Transgenik Yaklagimlar

Transgenik bitkiler ilk jenerasyonda ticari nedenlerle boceklerin ve pestisitlerin neden oldugu
verim kayiplarinin  6nlenmesi amaciyla Gretilmistir.  Ancak daha sonra transgenik bitkilerle

fitoremediasyon agir metal kirliligi olan bolgeleri temizlemek amact ile kullanilmaya baslanmustir
(Abhilas vd. 2009).

Agir metallerin birikimi ve bu metallere olan tolerans, fitoekstraksiyon potansiyeli olan bitki ve
bircok gen tarafindan kontrol edilir. Genetik dizenlemeler hizli biytyen bitkilerde genlerin
ozelliklerini gelistirip genlerde ekspresyon seviyelerini degistirir. Metal birikimine dahil olan genlerin
fonksiyonu maddenin bitkiye alinimi koékten govdeye translokasyonu ve detoksifikasyon
mekanizmasinin tamamen anlasilmast gerekmektedir. Bu sorunun ¢oztilmesi transgenik yaklasimla ¢ok
uzak degildir (Rascio vd. 2011; Takahashi vd. 2014).

Genetik mithendisliginde fitoremediasyon i¢in kullanilacak bitkiler yiiksek biyokiitleli olmali ve
fitoremediasyon icin dogal bir kapasitesi olmalidir. Hiperakiimilator bitki cesitleri toksik element
turtine gore tespit edilmelidir (Kramer 2005). Aday bitkiler genetik transformasyon igin uygun
olmalidir. Transgenik bitkileri elde edebilmek icin arzu edilen bitkilerin doku kultiirii rejenerasyon
protokolleri gelistirilmelidir. Ornegin, Hint hardalt (Brassica juncea), aygicedi (Helianthus annuus), domates
(Lycopersicon esculentum) ve sart kavak (Liriodendron tulipifera) bitkilerinde protokoller mevcuttur
(Eapen ve D’Souza 2005; Mello-Farias ve Chaves 2008).

Fitoremediasyon diger fiziksel yollardan daha cazip bir secenektir. Baz1 alanlarda kirleticiler

fitotoksik konsantrasyona ulasarak bitkilerin canliliklarini sonlandirabilirler. Bu nedenle 6nceki
calismalarda genetik mihendisligi kullanilarak bitkilerin fitoremediasyon potansiyelini artirmak
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amaclanmstir (Doty 2008; Danh vd. 2009). Genetik mihendisligi ile fitoremediasyonun iyilestirilmesi
igin agir metallerin alimi ve taginmast ile ilgili aday genlerin taranmasi ve tanimlanmast 6nemlidir
(Zhang vd. 2020).

Fitoremediasyonu etkili bir sekilde artirabilmek icin emilim saglayan ve spesifik kirleticileri
tastyan genlerin yiksek dizeyde ifadesi saglanmalidir (Stomp vd. 1994; Rugh 2004; Cherian ve Oliveira
2005; Doty 2008; Rai vd. 2020). Transgenik bitkiler gen tabancasi veya Agrobacterium tumefaciens
araciligyla trasformasyon teknikleri kullanilarak elde edilebilir. Biokitlesi buyik ve hizli biytiyen
bitkilerle fitoremediasyon genellikle daha etkili olmaktadir (Han vd. 2000; Cherian ve Oliveira 2005).
Eapen ve D'souza (2005)’ya gore toksik metallerin etkin bir sekilde emilimi i¢in bitkiletin ¢ok ¢atalli
ve genis yuzeyli bir kok sistemine sahip olmast gereklidir. Deneyler Agrobacterium rhizogenes'in bazt
hiperakiimilator bitkilerde kok biyokiitlesini arttirabildigini gostermektedir.

Hiperaktimiilator bitkilerde fitoremediasyon yetenegini artiran benzersiz genlerin belirlenerek
hizli biytyen tirlere transfer edilimesinin olduke¢a yararli oldugu transgenik bitkilerde yapilan gegmis
calismalarda ifade edilmigstir (Ellis vd. 2004; LeDuc vd. 2004; Rai vd. 2020). Transgenik
fitoremediasyonda secilen genler metal birikimini ve toleransint saglayarak fitoremediasyonu
kolaylastirmalidir (Fasani vd. 2018). Etkili bir fitoremediasyon i¢in metal toleranst ve birikimi arasinda
bagimsiz bir mekanizma olmalidir. Metal toleransinin artmast metal altnimint ve birikimini azaltabilir.
Ornegin tiitiin bitkisinde Hb1geninin yiiksek diizeyde ifadesi metal alinimint azaltarak metal toleranst
saglamaktadir (Lee ve Hwang 2015). Transgenik bitkilerde yiiksek metal biriktirme kapasitesi bitkilerin
metal homeostaz fonksiyonunu negatif etkileyebilir. .Arabidopsis thaliana dan izole edilen HM.A4 geni
tutin bitkisinde yuksek diizeyde ifade edildiginde hticre duvart odunlasmasi ile apoplastik bariyerin
giiclendirilmesine neden olmustur. Bu giclenme sonucunda gerekli mineral elementlerin alinmasi
zotlasmistir (Siemianowski vd. 2014). Transgenik bitkilerle fitoremediasyon ¢alismalarina baslamadan
énce arzu edilen 6zellige sahip oldugu dogrulanmalidir. Ornegin bakteriyel civa tastyict MerC geninin
Arabidopsis ve titin bitkisinde ifade edilmesi saglandiginda bitkiler civa birikimini arttirmistir. Fakat
artan civa birikimi, transgenik bitkileri yabani tip bitkilere gére daha hassas hale getirmistir (Sasaki vd.
20006). Bu nedenle beliflenen genin uygun hiperakiimiilator bitkilere transferi saglanmalidir. Bu sayede
arzu edilen Gzellige sahip trasngenik bitkiler elde edilebilir. Tablo 2’de transgenik fitoremediasyon
kabiliyeti ve potansiyeli olan bitkilerle yapilan ¢alismalar verilmistir.

Richman (1996)’ya gore askeri faaliyetler nedeniyle topragin ve suyun patlayict kalintilar ve
ilgili bilesiklerle kirlenmesi yaygin bir ¢evre sorununa neden olmaktadir. Temel olarak kontaminasyon
bu patlayict maddelerin iiretim ve kullaniminda meydana gelmektedir. Ornegin Tablo 2’de verilen gen

kaynagt E. e/l olan NfiA geni A. thaliana da ifade edildiginde TNT gibi maddelerin
fitoremediasyonunu saglamaktadur.

Memelilerde bulunan P450 geninin bitkilerde ifade edilmesi uygun bitkilerde herbisit birikimi
ve parcalanmasini saglamaktadir. Insan kaynakli CYP7.42 geninin A. thaliana bitkisinde ifadesi
saglandiginda herbisit fitoremediasyonuna sebep oldugunu bildirmislerdir (Azab vd. 2016; Azab vd.
2020). Domuz kaynakli CYP2B22 ve CYP2C49 genlerinin piring bitkisinde ifadesi herbisit toleransi
saglamaktadir (Hussain vd. 2009). Populus trichocarpa kaynakli PRUGT72B1 geni A. thaliana bitkisinde
ifade edildiginde bitki herbisit fitoremediasyonu yetenegine sahip olmaktadir (Su vd. 2012; Rylott vd.
2015). P. ginseng kaynakli CYP736.A412 ve PgCYP76B93 genlerinin A. thaliana bitkisinde ifadesi herbisit
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fitoremediasyonu saglamaktadir (Khanom vd. 2019; Jang vd. 2020). Daha bircok kitletici unsura karsi
kabiliyet saglayan genler, donor ve hedef bitkiler Tablo 2’de ifade edilmistir.

Agir metal fitoremediasyonu amactyla gerceklestirilmis olan arastirmalar incelendiginde fare
kaynakli m¢7 geninin titin bitkisinde ifadesi civa fitoremediasyonunu tesvik etmek icin
kullanilmaktadir (Ruiz vd. 2011). Ayn1 sekilde A. thaliana kaynakli A2ACR2 tutinde ifade edildiginde
arsenik fitoremediasyonu i¢in kullanilabilmektedir (Nahar vd. 2017). Piring kaynakli NRAMPT geni
A. thaliana da ifade edildiginde arsenik ve kadmiyum fitoremediasyonu saglamaktadir (Tiwari vd. 2014;
Luo vd. 2016). Pirin¢ kaynaklt MTP7 geni titiin bitkisinde ifade edildiginde kadmiyum ve arsenik
fitoremediasyonu kabiliyeti kazanmaktadir (Das vd. 2016). Gen kaynagi Populus euphratica olan
PeANNT geni A. thaliana bitkisinde ifade edildiginde Cd fitoremediasyonu potansiyeline sahip oldugu
bildirilmistir (Zhang vd. 2020).

Tablo 2 Transgenik bitkilerle fitoremediasyon uygulamalar:

Gen kaynagi Gen veya genler Hedef Fitoremediasyon Referans
uygulamasi
E. coli NfsA A. thaliana 2,4,6-trinitrotoluene Kurumata vd. 2005
(IN'T)
fitoremediasyonu
Pseundomonas putida ACC deaminase Brassica Ni toleranst ve Stearns vd. 2005
napus akimilasyonu
E. coli merA ve merB N. tabacum Hg fitoremediasyonu Hussein vd. 2007
A. thaliana ACBPT A. thaliana Pb toleranst ve Xiao vd. 2008
akimiilasyonu
A. thaliana Vacnolar N. tabacum Cd toleranst ve metal Wojas vd. 2009
transporter MRP7 fitoremediasyonu
Sus scrofa (Domnz) CYP2B22 ve Rice Herbisit toleransi Hussain vd. 2009
CYP2C49
Lycopersicon pxive tpx2 N. tabacum Fenol bilesiklerin Alderete vd. 2009
esculentun temizlenmesi
Mouse mt1 N. tabacum Civa Ruiz vd. 2011
fitoremediasyonu
Triticum aestivum Vacnlolar H N. tabacum Cd toleranst ve Cd Khoudi vd. 2012
pyrophoshatase 17P1 fitoremediasyonu
Oryctolagus P450 2E1 S.grandiflora ve A. TCE ve DDT Mouhamad vd. 2012
cuniculy (Tavsan) thaliana fitoremediasyonu
Camelina sativa CsHMA3(yuksek Camelina sativa Agir metal Park vd. 2015
diizeyde ifadesi) fitoremediasyonu
Populus trichocarpa PrUGT72B1 A. thaliana Trichlorophenol Su vd. 2012;
fitoremediasyonu Rylott vd. 2015
A. thaliana MAN3 A. thaliana Cd toleranst ve Cd Chen vd. 2015
akiimilasyonu
O. sativa NRAMP1 A. thaliana As ve Cd Tiwari vd. 2014; Luo
fitoremediasyonu vd. 2016
Homo sapiens P450 CYP1A2 A. thaliana Herbisit Azab vd. 2016
fitoremediasyonu
O. sativa MTP1 Nicotiana tabaccum Cd ve As Das vd. 2016
fitoremediasyonu
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A. thaliana mtda Medicago Cu fitostabilizasyon Pérez-Palacios vd.
truncatula 2017
A. thaliana AtACR2 Nicotiana tabaccum  As fitoremediasyonu Nahar vd. 2017
Pseudomonas fluorescens copAB Ensifer medicae Cu fitostabilizasyon Pérez-Palacios vd.
2017
Bacteria atzA Medicago sativa ve Atrazine Wang vd. 2005;
Nicotiana tabaccum fitoremediasyonu Hussain vd. 2018
Populus trichocarpa PtABCCT A. thaliana ve Hg fitoremediasyonu Sun vd. 2018
poplar
Morus alba MnPCSTve A. thaliana ve Agir metal Fan vd. 2018
MnPCS2 Nicotiana tabaccum fitoremediasyonu
P. ginseng CYP736A12 A. thaliana Chlortoluron ve Khanom vd. 2019
isoproturon
fitoremediasyonu
A. thaliana APPCT ve A. thaliana Cd toleranst ve Cd Willick vd. 2019
APPC3 fitoremediasyonu
Hono sapiens CYP1A2 A. thaliana isoproturon Azab vd. 2020
fitoremediasyonu
Populus euphratica PeANNT A. thaliana Cd fitoremediasyonu Zhang vd. 2020
potansiyeli
P. ginseng PgCYP76B93 A. thaliana Chlortoluron Jang vd. 2020
fitoremediasyonu
Rhbizobinm leguminosarnm PsMT1ve PsMT2 Pisum sativum Cd fitoremediasyonu  Tsyganov vd. 2020
(Transgenik)
Sonug¢

Fitoremediasyonda transgenik yaklasimlar, son yillarda hava, toprak ve su gibi 6nemli
kaynaklarimizi artan kirletici maddelerden arindirmak icin son derece 6nemlidir. Bu sayede toprak islah
edilerek tarima verimli hale getirilebilir. Genetik muhendisliginin gelismesi ile birlikte transgenik
bitkilerin fitoremediasyon potansiyelinin 6nemi son yillarda agik¢a gérulmektedir. Sanayi ve tarimin
gelismesiyle ¢ok yogun kullanilan kimyasal atiklar topraklarimizi verimsiz hale getirmektedir. Insan
sagligina dolayl yollardan etki eden agir metallerin, zararli kimysallarin ve gesitli herbisitlerin topraktan
etkili bir sekilde temizlenmesi 6nem arz etmektedir. Dunya ¢apinda yapilan galismalar transgenik
bitkilerin fitoremediasyon potansiyelini dogrulamaktadir. Guniimiize kadar ki yapilan galismalarin
1s1ginda transgenik bitkilerle gerceklestirilen fitoremediasyonun yakin gelecekte daha yaygin ve etkin
bir kullanima sahip olacagi 6ngorilmektedir.
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Introduction

The unabated distribution transformer operational failures make transformer loss analysis
studies continue relentlessly. Most of these failures arise from the unprecise estimation of the
transformer various load losses. Transformer load losses comprise stray losses and resistive (ohmic)
losses. Stray losses initiate owing to the impingement of the windings leakage field on transformer
conducting parts (e.g., conductors, tank, core clamps, flitch plates, etc.) inducing eddy current in them
(Hlatshwayo, 2013; Krasl, Vlk, & Grosiar, 2005; Kulkarni & Khaparde, 2017). Windings stray losses
comprise eddy current losses and circulating current losses. These losses form the second-largest load
loss component after the ohmic losses. Fig. 1 illustrates a detailed diagram of the transformer loss

| Total transformer losses I

No-Load Load losses
losses
Eddy current Hysteresis Excessive Stray losses Ohmic losses
losses losses losses

components.

Metal part stray
losses

Windings stray
losses

Winding eddy Winding circulating Core clamp Flitch plate Outer core
Tank losses
current losses current losses losses losses packet losses

Fig. 1. The transformer various losses.
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Due to the small value of windings eddy current losses that small-rating distribution
transformers possess, these losses are usually neglected. However, neglecting them can overheat the
transformer and shorten its life span. Moreover, due to the large number of installed distribution
transformers on the grid, neglecting these losses can impair the grid reliability and quality. Therefore,
accurate estimation of the eddy current losses in the small-rating distribution transformer windings is
greatly important during the design stages of the transformer.

Generally, round and strip conductors are used to construct the High Voltage (HV) and Low
Voltage (LV) windings for small rating distribution transformers. Due to the complexity of the
windings’ geometry and the different conductor types used to construct them, it is hard to find a single
analytical method to estimate the eddy current losses. In (Hlatshwayo, 2013; Krasl et al., 2005;
Kulkarni & Khaparde, 2017), the windings eddy current losses were estimated for large and medium
rating power transformers with strip and/or Continuously Transposed Cable (CTC) conductors. In
(Nan & Sullivan, 2004), by analyzing the proximity-effect and skin-depth effect, new model for
precisely estimating the eddy current losses for round conductors was introduced with a very low error
percentage. In (V. C. Valchev & Van den Bossche, 2018; Van den Bossche, Valchev, & Barudov,
2000) the windings eddy current losses were estimated for round conductors. Moreover, in (Zabek,
2005) the eddy current losses for the transformer LV foil winding were estimated. In (Jiang et al.,
2017), a 2D axisymmetric model was established to analyze these losses for dry-type transformer.
These losses were also estimated for harmonic loads in (Dao, Phung, & Blackburn, 2015; Faiz,
Ghazizadeh, & Oraee, 2015). In this paper, since the windings conductors are of different types,
analytical methods are applied separately to estimate these losses for each winding,.

The primary objective of this paper is to provide reliable and robust procedures for researchers
and design engineers to precisely estimate the eddy current losses in small-rating distribution
transformer windings that are constructed using different conductor types. Moreover, it can help
analyzing the windings electromagnetic forces and temperature mapping by analyzing the leakage flux
distribution curves provided in this paper. The Finite Element Analysis (FEA) for the transformer 2D
and 3D model has been performed using transient and eddy current solutions in Ansys Maxwell
software to analyze the leakage field. The studied three-phase distribution transformer specifications
are shown in Table 1. The HV winding is of crossover type winding made of six discs, whereas the
LV winding is of helical type. Round conductors and strip conductors are used to construct the HV
and LV windings, respectively. Copper is considered as the windings’ material.
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Table 1. Transformer parameters.

Parameter Value  Unit
Capacity 100 kVA
. Frequency 50 Hz
Ratings Primary voltage 11 kV
Secondary voltage 400 \Y
Primary turns 2444
Windings Secondary turns 51

Determination of Eddy Current Losses in the Windings

Eddy current is inherently initiated when a conductor is situated in a varying magnetic field.
This current has a 90° phase shift with the load current that initiated the leakage flux. Losses due to
eddy current in transformer windings depend mainly on the leakage magnetic field distribution in the
transformer window, the conductor dimensions, and placement of the conductor in the window. The
magnetic field initiated due to the eddy current is assumed to be negligible on the conductor’s main
field throughout this paper.

The windings’ leakage field consists of radial and axial components, as shown in Fig. 2. During
the customary working conditions of the transformer, the axial component is relatively larger than the
radial component (Dawood, Alboyaci, & Cinar, 2017). The axial leakage field is maximum near the
HV-LV gap. Whereas the radial component is maximum near the winding ends, causing the
temperature to be unevenly distributed throughout the whole winding and maximum near the ends,
creating local hotspots in which it injures the insulation (Jiang et al., 2017; Mishra, Dhiman, &
Tapiawala).

Core

Fig. 2. Leakage field components.

For small-rating distribution transformers, the radial component is relatively small, and
neglecting it does not significantly affect the overall eddy current losses (Jiang et al., 2017; Kulkarni &
Khaparde, 2017).
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A. Analytical Approach

Theoretically, when the leakage field assumed to be unidirectional and without curvature (the
radial component of the leakage field is neglected), the leakage field increase linearly from the LV
winding outer diameter to the inner diameter, then constant at the HV-LV gap, and linearly decrease
from the HV winding inner diameter to the outer diameter as shown in Fig. 3. In Fig. 3, rds and rdp
denote the radial depth of the secondary and primary winding respectively.

ld,

T
1

-~ 7dp —— - rds —>
Fig. 3. Leakage field distribution between windings.

Different conductor types used to construct small-rating distribution transformer windings,
so for each winding different analytical method is applied. The method based on Maxwell’s equations
and Poynting’s theorem proposed in (Kulkarni & Khaparde, 2017) is a reliable method for calculating
the eddy losses in strip conductors. It is used to calculate the LV windings losses. Due to the alternating
behavior of the leakage field, the skin depth of the material should be taken into account when
estimating the winding eddy current losses. Generally, for small rating distribution transformers, the
conductor thickness (d;) is smaller than the skin depth (§). The expression of eddy cutrent losses in
the windings per unit volume is given in (Kulkarni & Khaparde, 2017) by

p = w?B%dg (1)
¢ 24p

where; B is the peak leakage flux density, w is the angular frequency, and p is the resistivity coefficient
of the material.

When the radial component of the leakage field is neglected, and the current assumed to be
uniformly distributed over the conductor cross-section, the total mean leakage field of the windings is
equal to the axial component of the leakage field only, and it can be expressed as given in (Kulkarni
& Khaparde, 2017) by

g2 — Boav @

3

where; Bygp is the peak leakage flux density between the HV-LV windings and it is given in (Kulkarni
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& Khaparde, 2017) by

_ V2 pNI (©
gap — H—w

where; H, is the winding height, N is the number of turns, I is the current (rms), and pg is the
permeability of air.

For a more precise estimation of the windings eddy current losses in large and medium rating
transformers, the radial component of the leakage flux should be considered (Jiang et al., 2017; Mishra
et al). The winding eddy current losses per unit volume due to the axial (By) and radial (B,)
components of the leakage field are given respectively by (Kulkarni & Khaparde, 2017)

B @
ea — 24p

L W )

er — 24p

where; d. and W, are the conductor thickness and width, respectively.

In (V. C. Valchev & Van den Bossche, 2018), a Low Frequency (LF) approximation for
calculating the windings eddy current loss for round conductors was presented. The LF approximation
is valid when d, < 1.6 §, and when the magnetic field induced due to the eddy current in the
conductor does not significantly affect the applied magnetic field within the conductor. This method

was used to calculate the HV windings eddy current losses. The expression of the eddy current losses
is given by (V. C. Valchev & Van den Bossche, 2018)

p T Ime N dg w? Bjqy ((6)
¢ 192 p

where; [, is the mean turn length.
For wide frequency range and large diameters, (6) was modified in (Van den Bossche et al.,
2000).

B. Numerical Approach

Numerical estimation of winding eddy current losses has been done by precisely determining
the leakage flux density of the windings using the transformer 2D and 3D finite element models. The
results obtained by performing Ansys Maxwell transient and eddy current solution are almost the
same. Fig. 4 shows the leakage field distribution between the HV-LV winding under the peak value of
the short circuit current.
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Fig. 4. Leakage field distribution between the HV-LV winding in
the transformer (a) 3D model and (b) 2D model.

Fig. 5 shows the distribution of the resultant leakage field, the radial component of the leakage
field, and the axial component of the leakage field under the peak value of the short circuit current.
As illustrated in Fig. 5 (b), along the winding axial height the radial component of the leakage flux
density shows high fringing near the winding ends, which causes the axial component of the short-
circuit force to be directed toward the winding middle part, whereas as illustrated in Fig. 5 (c), along
the winding axial height the axial component of the leakage field is maximum near the middle part of
the winding, which causes the radial component of the electromagnetic forces to be in the middle part
of the winding as well. These results matches well with (M & Savadamuthu, 2019; Najafi & Iskender,
2016).
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Fig. 5. Distribution of the (a) resultant leakage field (b) radial component of the leakage field
(c) axial component of the leakage field between the HV and LV windings in the
transformer 3D model.
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The axial leakage flux density distribution curve of the LV winding along the winding axial
height is shown in Fig. 6, where the leakage flux density is maximum near the middle part of the
winding. On the other hand, the radial leakage flux is maximum near the winding ends as shown in
Fig. 7. The axial leakage flux density distribution curve of the HV winding along the winding axial
height is shown in Fig. 8, where the flux density is also maximum near the windings middle part. Fig.
9 shows the radial leakage flux density distribution curve along the HV winding axial height. Due to
the multiple discs used to construct the HV winding, the curve in Fig. 9 looks like a sawtooth curve
where the flux density is maximum near each disk ends and also near the whole winding ends. Both
Figs. 7 and 9 show that the radial component of the leakage flux is maximum near the winding ends,
which is why local hotspots are generated in those parts.
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Fig. 6. Axial leakage flux density distribution along the LV winding axial height.
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Fig. 9. Radial leakage flux density distribution along the HV winding axial height.

Fig. 10 illustrates the difference between the resultant (B,.&B,;) and the axial (By) leakage field

distribution along the windings radial depth.
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Fig. 10. Resultant and axial leakage flux density distribution along the windings radial depth.

It can be recognized that there is a remarkable similarity in the leakage flux distributions, where
the resultant leakage flux is almost linearly distributed as the axial one. Hence, neglecting the radial
component of the leakage flux does not considerably affect the windings overall eddy current loss in

small-rating distribution transformers.

Results and Discussion

Table 2 compares the analytically and numerically obtained eddy current loss values in the
transformer windings. The values obtained from the 2D simulation show great matching with the
analytical values. However, the 3D simulation results are slightly higher than the analytical and 2D
values. That is because, in the 2D simulation, the model depth was assigned to be the core depth, not
the windings. The values obtained using the 3D model are preferred over the other proposed methods
since the windings actual depth and curvatures were taken into account.

Table 2 shows that the total transformer windings eddy current loss value is almost 17 W.
Although it seems small enough to be neglected, it can considerably affect small-rating distribution
transformers’ efficiency, performance, life span, and temperature.

If (1) is used for calculating the losses for a round conductor with equivalent strip conductor
cross-sectional area, an inefficient result will be obtained. The same thing is valid if (6) is used for
calculating the losses for a strip conductor with equivalent round conductor cross-sectional area.
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Table 2. Transformer windings eddy current losses.

Approach Parameter Unit
HV winding eddy LV winding eddy =~ Total winding eddy
current losses current losses current losses
Analytical 4.83 11.65 16.48 W
2D 4.82 11.63 16.45
FEM  3p 5.03 12.14 17.17 W

To reduce the winding ohmic losses, designers increase the winding's cross-sectional atea,
however, the windings eddy current losses are directly proportional to conductor dimensions.
Therefore, designers should also take into account the increase in the eddy current losses, as the total
windings losses are the sum of the ohmic and stray losses (Kulkarni & Khaparde, 2017). There are
several ways to reduce the eddy current losses for windings constructed using round conductors
presented in (V. Valchev, 2017). A well-known and frequently used method for round conductors is
by using parallel wires with small diameter conductors, however, without proper transposition
arrangement of the parallel conductors, circulating current losses are induced due to the different
voltage induced in each conductor, thus, the same total stray losses value is obtained. Using Litz wire
ensures that each strand carries the same flux, however, due to the twisting of the strands, the amount
of conductor used is larger, causing the winding DC resistance to be 5% larger. If parallel wires are
used for the HV winding, (6) is divided by the number of parallel wires. For LV winding conductors,
the use of CT'C conductors reduces the eddy current losses, however, it also increases the winding DC
resistance a bit. More methods to reduce the eddy current losses in rectangular conductors were
discussed in (Kulkarni & Khaparde, 2017).

Conclusion

Accurate estimation of windings eddy current losses is important during the design stages of
the transformer. It can increase the transformer life span and prevent it from overheating. Neglecting
these losses impair the transformer performance and the grid quality and reliability. In this paper, one
of the widely used small-rating distribution transformer was analyzed, where the 2D and 3D models
of the transformer were established to study the leakage flux distribution. The eddy current losses in
the transformer windings were precisely estimated using analytical and numerical methods. The 3D
FEM is preferred among the other proposed methods. By comparing the resultant and the axial
leakage flux distribution among the windings radial depth, it is deduced that neglecting the radial
component of the leakage flux does not considerably affect eddy current losses in a small-rating
distribution transformers’ winding. The transformer designers’ aim should not be just to reduce the
ohmic losses or the eddy current losses, but to reduce the overall losses and not neglecting any of the
stray losses, since the transformer total load losses is the sum of the ohmic losses and stray losses.
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Introduction

Terahertz radiation can penetrate almost any substance except metal at a certain rate. The field
of THz rays is in the frequency range that matches the vibrational motion of most chemical and
biological molecules. T-rays pass through many materials such as plastic, cardboard and fabric and are
absorbed in water and water vapor and reflect from metals. Because of this feature, it can find
application area in the security of airports, shopping malls and critical buildings, as well as THz
wavelengths can be used in the identification of hazardous substances as they form the fingerprint
spectrum of most chemical and biological materials. THz radiation is most sensitive to water. In
addition, due to the low energy of THz technology and not damaging biological tissue and chemical
molecules, it has been concluded that it can detect moisture without damaging the gunpowder and it
has been evaluated that this measurement can be made in a safe manner. Therefore, it has been
evaluated that THz rays can be used effectively in detecting the moisture change in gunpowder.

As a result of the literature research conducted in terms of the examination of gunpowder
related to THz technology, It has been determined that there are studies on whether different types
of gunpowder can be distinguished by using different types of techniques including THz radiation and
THz-TDS (Terahertz Time Domain Spectroscopy) (Gavenda & Kifesalek, 2013) (Gavenda &
Kfresalek, 2014). However, it has been observed that no studies have been carried out in our country
and in the world on terahertz technology and terahertz spectroscopy to determine the moisture state
of gunpowder.

What Is THz and What Are Its Properties?

The terahertz (THz) region of the electromagnetic spectrum is a region that is in the range of
microwave to far infrared regions and generally corresponds to a frequency range from 100 GHz to
10 THz. The name of the region derives from the word "Tera", which is the prefix of the frequency
(Hertz). The word "tera" is derived from a Greek word meaning "beast"; but in the metric system it
is the prefix that means 'multiply by 10", It is briefly denoted by "T". It is also possible to refer to
these radiation waves as T-rays. Equal to 1 THz = 10" Hz. It has the equivalent of 1 THz, 33.3 cm-1
wave number, 1 picosecond period, 300 um wavelength and 4.13 meV photon energy. It is shown in
Figure 1. (The Terahertz Wave eBook, 2012)
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Terahertz Infrared VIS Ultraviyole

0.1-10 THz Frequency Region

1 THz =33.33 cm™ = 1 ps = 300 pm = 4.13 meV photon energy

Figure 24 : Terahertz Region Properties in the Electromagnetic Spectrum
(The Terahertz Wave EBook, 2072)

Radiations or rays in the range of 0.1 to 10 THz (may differ depending on the sources) in the
spectrum of electromagnetic waves are called terahertz (THz) radiation or waves. Figure 2 shows the
THz region in the electromagnetic wave spectrum. This frequency range corresponds to the frequency
range between microwave and far infrared.
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Figure 25 : Representation of the Terahertz Region in the Electromagnetic Spectrum
(Laboratory of Terahertz Spectroscopy, Prague, 7.d.)

There are many features that bring THz radiation to the fore and make it advantageous
compared to other regions of the electromagnetic spectrum. These features are as follows;

. Some substances interact in a unique way with THz rays. This feature is like a
fingerprint or the uniqueness of the retina of the eye. Many commonly used solid state explosives and
related compounds (such as HMX, RDX, and PETN), including TNT, have spectral fingerprints in
the THz range. This is called fingerprint (fingerprint) of the material in the area or in the waves. These
fingerprints are caused by the intramolecular and intermolecular vibrational modes or photon modes
of these explosive materials. THz-TDS has been recognized as a new and open method for the
detection and control of explosives due to its unique properties and advantages over other
spectroscopic methods (Chen et al., 2007).

. THz radiation attracts great attention with its unique properties such as non-
destructive penetration into non-metallic materials such as paper, plastic, many synthetic and textiles.
THz waves can pass through many daily used materials such as clothing (paper, plastic, leather, wood,
and ceramics, etc.) (Chen et al., 2007). Since fingerprints of materials are also in the THz region,
sample paper, plastic, etc. Even if the THz is coated with transferring materials, both identification
and characterization of materials are possible. THz rays have the ability to pass through many materials
(plastic, leather, cardboard, fabric, etc.). For example, it has the ability to pass through clothes. A study
has been conducted on this subject (Bjarnason et al., 2004). However, it is absorbed in water and water
vapor and reflected from metals (Federici et al., 2007) (Bjarnason et al., 2004) (Taday et al., 2003)
(Zimdars et al., 2000).
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. THz rays contain lower energy compared to X rays. THz rays have low photon
energies (4 meV for 1 THz, that is, one million times lower than an X-ray photon) and they are not
harmful to human health since they do not cause photo-ionization in biological tissues and samples
(Chen et al., 2007). Therefore, they are almost non-existent harmful to fragile and delicate biological
tissues. As a result, they are harmless to human health and allow non-destructive testing (Zhang &
Xu, 2010).

. It is a range that vibrates and matches the molecules of matter (Tekbasg, 2014).

. Materials at room temperature usually emit an energy that corresponds to the THz
region. This feature increases and facilitates the use of THz technology (Dexheimer, n.d.).

. Images created with Terahertz radiation have relatively better resolution (less than
Imm). However, THz measurements are non-contact. When the Earth's atmosphere is examined, it
has been found that the atmosphere absorbs a high amount of terahertz radiation in some vapor
absorption bands (Sethy et al., n.d.) (The Terahertz Wave EBook, 2012).

Terahertz technology is actively started to be used in many different fields, especially in defense
industry, homeland security, explosive detection technologies, biology and pharmaceutical industry,
medical imaging, astronomy and atmospheric research, analysis of water-containing samples, food
industry and wireless communication fields, due to the numerous features mentioned above. In
addition, studies are continuing in order to make its use in these areas more efficient and effective.

THz Spectroscopy

Spectroscopy is the method that examines the properties of substances or objects using rays
and other factors. In fact, the basis of spectroscopy can be seen as rays. Spectroscopy examines the
properties of an object or matter through absorbed particles, light or sound. The energy levels of
molecules, ions and cores, which are the building blocks of matter, are determined by this method.
Usually, a stimulating particle is sent to a substance in spectroscopic analyzes. When the emitted beam
passes through a substance, the photons interact with the sample. The absorbed beam affects the
electrons and chemical bonds in the material. Afterwards, which are the basic building blocks of
matter; electrons, neutrons, protons, atoms or molecules How react to the stimulus are examined and
determined. Spectroscopy looks at how the beam affects matter. Spectra that are emitted and absorbed
give information about the substance. In spectroscopy analysis; Data on energy levels of material
building blocks, molecular geometries, chemical bonds, and interactions of molecules are collected.
The method called "spectrum" or "spectral line" is used to process these data. Spectroscopy; It is used
in multiple sciences and fields of study such as astrophysics, medicine, electrochemistry, nuclear
physics, nuclear chemistry, analytical chemistry and molecular biology. In this study, terahertz
spectroscopy technique was used for moisture determination of gunpowder.

In this study, THz-TDS (THz-Time Domain Spectroscopy) was used, which is the most

widely used and studied technique among THz spectroscopy techniques in the scientific world. If we
briefly talk about this technique; Basically, pulses generated from an optical ultra-fast laser are used
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both for Terahertz generation and to penetrate and study the sample. After stimulation of the sample,
the spectrum is obtained. In this technique, a laser beam is divided into two branches by means of a
splitter. One beam arm is used for THz generation, while the other beam arm is used for detection.
The beam in the production arm generates THz beam by hitting the THz wave generator (PCA,
electro-optic crystal, etc.). Then, the generated THz beam passes through the sample and reaches the
detection component. On the other hand, the beam from the detection arm also reaches the detection
component. Using other optical components, electric fields are detected manually in the presence and
absence of the sample. Fourier transform is then applied. The absorption information is obtained after
converting the time domain data into frequency domain data. At the same time, information about
the refractive index and dielectric properties of the samples can be examined using THz-TDS
(Mclntosh et al., 2012).

Moisture and Water Vapor Detection of Terahertz Technology

Many materials in the THz spectral range are transparent. THz waves can pass through dry
media that are opaque to visible and near infrared waves. THz waves are absorbed by the strong water-
like environment. (Shumyatsky & Alfano, 2011).

Since our focus in this study is the moisture and water vapor detection of THz technology, it
has been determined that THz technology is used a lot on this subject. Lets we give a few examples
of the works carried out because the THz technology is sensitive to water and moisture;

. In order to determine the amount of water in the paper remotely, the applicability of
terahertz spectroscopic techniques has been examined. THz rays offer high sensitivity, spatial
resolution and insensitivity to dispersion on the paper surface, based on water and moisture. As a
result of THz transmission measurements performed with moist paper, the potential of THz
transmission spectroscopy to quantitatively determine the amount of water in the paper was
determined. As a result, it has been shown that it enables THz radiation to accurately measure moisture
content (Banerjee et al., 2008).

. Moisture detection and mapping studies were carried out using Terahertz techniques
in different materials (such as paper, concrete, wheat grain, walnut, spoiled fruit, plastic and wood)
(Federici, 2012).

. By using THz-TDS, the water content in instant coffee powder in a glass bottle was
measured in order to determine the quality control in dry foods. Figure 3 shows the decrease in the
frequency density of the sample after humidification (Yasui & Araki, 20006).
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Figure 26 : Demonstration of Moisture Change in Coffee Powder
(Yasui & Araki, 2006)

. A study was conducted to determine the changing moisture content of milled wheat
grain with the THz-TDS method (Chua et al., 2004).
. Because THz rays are absorbed at a high level by water, the clearest application area of

THz spectroscopy is to determine the amount of water and moisture in foods. This feature of THz rays
has a remarkable place in drying applications where moisture content is important and in the shelf life
control of food products (Gowen et al., 2012). It has been shown in this study that terahertz radiation
or T-rays can be used in the quality control of food products, as T-rays are inherently sensitive to water
and very suitable for moisture detection (Ung et al., 2007).

. A study has been conducted to determine the moisture content and density of different
wood species (Inagaki et al., 2014).

. Using THz radiation, moisture content of intact food wafers was measured. It is shown
in Figure 3 that as the humidity rate in the wafer sample increases, the THz beam intensity decreases
(Parasoglou et al., 2009).
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Figure 27 : Demonstration of Moisture Change on Wafer Sample
(Parasoglou et al., 2009)
. Humidity and water detection studies were carried out on composites using THz
spectroscopy (Malinowski, Palka, Opoka, Wandowski ve Ostachowicz, 2015).
. Determination of water and localization of the size and shape of water droplet addition

was determined by using THz Spectroscopy method in Glass Fiber Reinforced Polymers materials
(Mieloszyk et al., 2018).

. One of THz's unique properties is that water in the terahertz region strongly absotbs
electromagnetic waves. This feature enables efficient monitoring and analysis of water content in
agricultural products. Nie and his friends, Considering that THz radiation has an enormous potential
for detecting the water content of leaves, They determined the water content of the leaves of the
canola plant, which is one of the most important oil producing and economical products in China and
the source of canola oils that make up a large part of China's oil (Nie et al., 2017).

The studies mentioned above show that THz rays are sensitive to water and moisture and
many studies have been done in this area. Based on these studies, it has been concluded that it is
possible to determine the moisture of gunpowder by means of THz rays.

What Is Gunpowder and What Are Its Properties?

The explosive solid substance used in firearms for launching a bullet is called gunpowder.
Gunpowder is a flammable solid substance that enables the projectile to be launched with the power
of the gases and pressure generated by the firing of firearms by various firing means. Gunpowder has
a wide range of uses from weapons such as guns, rifles, mortars and cannons to complicated systems
such as rocket and missile systems. Gunpowder is also used for civilian purposes in mining, industrial
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systems such as pressure-requiring pumps / turbines (M. E. Sahin, 2014). Gunpowder; It is generally
a mixture of potassium nitrate, coal and sulfur (Yinon & Zitrin, 1981). It is also known as black
gunpowder. The said mixture does not react by itself at normal temperature and under normal
conditions. However, it reacts with an energy application originating from external factors and turns
into a whitish gas and its volume expands rapidly. Due to this feature, it is used as an explosive
substance and propellant in firing gun bullets and mining in closed containers. Black powder is a
substance that can easily ignite and burn. It can ignite with flame, capsule flame or spark (including
static electricity in the body). During the burning of black powder, it emits gas up to 300 times its own
volume. Ignition temperature of black powder is 457 °C (Yidirim, 2013).

It comes from a mixture of black powder, potassium nitrate, sulfur and coal or graphite. Black
gunpowder actually; It appears as a mixture of sulfur, charcoal and potassium nitrate. Black powder
can also be made without sulfur, using only potassium nitrate and charcoal, but the black gunpowder
obtained in this way is weaker than the black gunpowder made with sulfur. Gunpowder burns very
quickly. The burning rate of a gunpowder is directly dependent on temperature and pressure. As the
temperature and pressure increase, the rate of burning of gunpowder increases. This pressure is
determined by the physical and chemical properties of gunpowder (density, surface properties,
porosity, etc.), the shape and grain size of the gunpowder (Nalbant, 1997). As a result of this
combustion, a hot gas volume consisting of carbon dioxide, water and nitrogen and a solid residue
consisting of potassium sulfide is produced. The resulting temperature and gas volume due to this
combustion feature ensures that gunpowder can be used as a propellant in firearms and pyrotechnic
in fireworks. In modern firearms used recently, smokeless gunpowder is used instead of black
gunpowder. Black gunpowder is mostly used in old firearms. It stands out as an important explosive
substance for those working in forensic medicine, security and country security. Because black powder
is easy to make, readily available and requires little technical expertise. When the above ingredients are
mixed and ground, black powder can be obtained in small particle size pieces and can be used in gun
ammunition, pyrotechnics, flammable devices (Crawford et al., 2010).

When we look at the mixture of gunpowder, it is known that there is 70-80% potassium nitrate
(KNO3), 12-20% charcoal and 3-14% sulfur. In this mixture, the task of potassium nitrate is to
provide the oxygen needed for the burning of coal and sulfur. Sulfur in the mixture enables gunpowder
to burn easily. Carbon dioxide is released as a result of the burning of coal, and sulfur dioxide gases
are released as a result of the burning of sulfur. The potassium sulfate, potassium carbonate, potassium
sulfur gases left behind from the combustion are pressurized at a high degree and the launching
process required by firearms is realized thanks to this pressure (Eroglu, 2002).

Since the difference in the moisture content of gunpowder means a different powder
composition, it affects the course of the pressure. Changes in the natural moisture content of
gunpowder firstly affect the rate of firing in the gunpowder right. As this speed decreases with
increasing moisture content, the efficiency of gunpowder decreases. For this reason, it is very
important to keep the gunpowder in suitable warehouses and to control the humidity level frequently
in order to prevent moisture during storage and preservation (Nalbant, 1997).
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In the measurements in this study, two different types of gunpowder used in artillery guns
were used. These samples named as Type-1 and Type-2. The gunpowder samples used are shown in
Figure 5.

Type-1 Type-2
Gunpowder Sample =~ Gunpowder Sample

Figure 28 : Gunpowder Samples

Experiment

THz-TDS has become a widely applied tool for the identification, characterization and
detection of materials or molecules. The THz-TDS system used in this study is the latest version of
an 8F terahertz time domain spectrometer and mainly ultra-fast T1. Sapphire oscillator laser as the light
source., a photoconductor switch as THz emitter, and a <110> double-refractive ZnTe crystal with a
thickness of 500 um was used as a detector (Aytekin, 2010).

The THz system in which experimental studies are carried out is shown in Figure 6. In the
installed system, a femtosecond laser is used to obtain THz beam and detect THz beam. Generated
THz beam is directed by 8 focused off-axis parabolic mirrors in order to focus the radiation on the
sample. After passing through the sample, the THz beam focuses on a non-linear ZnTe crystal for
detection. The probe radiation passes through the detection crystal to detect the THz beam by a
technique known as electro-optical sampling. By changing the transition times of THz and visible
beam pulses to ZnTe crystal, the THz radiation structure is collected with the help of a quarter wave
plate, Wollaston prism, balance photo diode, locked amplifier and a computer.

The main purpose of using the quarter wave plate and the Wollaston prism pair is to observe
any changes in radiation polarization and THz radiation can be detected. The quarter wave plate causes
changes by affecting the polarization of the beam, and the Wollaston prism has the ability to split light
according to polarization. In the system, the location of the quarter wave plate according to the spread
of light is before the Wollaston prism. In the initial process, in the absence of THz radiation, the
polarization of visible light up to the stable photo diode is changed to equal degrees at s and p
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polarizations. When THz radiation reaches the crystal, it undergoes two refractions on the crystal, thus
the crystal causes a change in the polarization of visible light. This change causes the balance of photo
diodes to deteriorate in the first place. Since the rate of change in polarization is proportional to the
field strength, the change in the time domain record is observed over time by scanning the delay phase
of the THz rays.
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Figure 29 : THz-TDS System Setup Image
It has been edited from (Aytekin, 2016) reference.

First of all, experimental methodology was used in this study. Since the gunpowder samples
used in the experiments are grinded and granulated, In order to be able to place the samples in the
holder in a solid condition in THz measurements and to prevent the possibility of THz rays leaking
through the granular gunpowder samples, the gunpowder samples were pressed with a press machine
by applying 1 ton pressure and placed in the holder in this way. Pressed gunpowder samples are shown
in Figure 7.
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Figure 30 : Pressed Gunpowder Samples

Later, the gunpowder samples, which were pressed to prevent the loss of particles and
tightened, were set in the oven for 2 hours at 100 °C (MIL-STD-286C  Military Standard Propellants,
Solid: Sampling, Examination and Testing, 1967). After this process, the samples were first weighed dry
and subjected to THz measurement. The data obtained from the THz device was transferred to the
computer and the data was taken from here and evaluated through the analysis program. The visual
of the system used in THz measurement is shown in Figure 8. THz measurements were carried out at
20 °C room temperature and in an environment with 0% humidity. Later, the samples were moistened
in a controlled manner in the humid environment we prepared. After the gunpowder samples were
moistened, their weights were measured and the samples were subjected to THz measurement in a
moist condition. In this graduate study analyzing dried breads, weight changes were used to determine
the decrease in moisture level after drying in breads. (M. Sahin, 2012). With reference to this study,
the moisture of the samples measured as dry and moist with the reverse logic was determined by
measuring their weight for moisture determination.
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Figure 31 : THz Measuring System

For humidification, a system was established to prevent air and moisture leakage and a
moisture measuring device was used to measure the humidity in the system. Moisture was obtained
from the heated and boiled water. The moisture produced was filled into the box containing the
samples with the help of a hose at the desired level. When the humidity in the box reaches the desired
level, all inlets and outlets of the box are closed and isolated in order to prevent air and moisture
leakage from the box. The system installed for humidification is shown in Figure 9.
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Figure 32 : Humidification System

In the analysis and evaluation part of the study, the graphics of dry and moist gunpowder
samples, which are obtained by using the analysis program named TDS Spectrum Viewer and
Microsoft Office Excel program, were analyzed and examined.

Gunpowder samples used in the experiment were pressed under 1 ton of pressure for 1
minute. Afterwards, gunpowder samples were dried and weight and THz measurements were made
in dry condition. Subsequently, by moistening the gunpowder samples by keeping them at 90%
humidity level for 20 hours, weight and THz measurements were completed in a moist condition.
After these measurements are made, the data obtained and their calculations are explained below.

. Type-1 gunpowder sample thickness : 1,75 mm
. Type-2 gunpowder sample thickness : 1,87 mm

Dry weight of Type-1 gunpowder sample was determined as 0.2882 g and moist weight as
0.2906 g. If we calculate the moisture rate obtained;
Percentage of moisture:

(0,2906-0,2882)/0,2882x100= % 0,8328

Humidity was detected at a level of 0.8328%
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Dry weight of Type-2 gunpowder sample was determined as 0.3184 g and moist weight as
0.3222 g. If we calculate the moisture rate obtained;

Percentage of moisture:
(0,3222-0,3184)/0,3184x100= % 1,1935
Humidity was detected at a level of 1,1935 %

These obtained data are shown collectively in Table 1.

EXPERIMENT DATA
Percent . . . 1.
Thickness Moisture Holdlng 'Tl.me Press'u e Humidity
Sample (mm) Abplied in Humidity Applied Level
PP (Hours) (ton) (%)
(o)
Type-1 Gunpowder
Sample L75 90 20 1 0,8328
Type-2 Gunpowder
Sample 1,87 90 20 1 1,1935

Table 16 : Experiment Data

Analysis and Evaluation

When we compare Type-1 dry and moist gunpowder samples; It was determined that THz
beams were absorbed more in the moist gunpowder sample compared to the dry sample, and therefore

the beam intensity and frequency intensity of the moist gunpowder sample decreased. This difference
is shown in Figure 10.
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Type-1 Dry and Moist Gunpowder Comparison Graph
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Figure 33 : Comparison of Type-1 Dry and Moist Gunpowder Samples THz Time Graph

In Figure 11, frequency powers of Type-1 dry and moist gunpowder samples are shown. Rays
between 1-3 THz can be described as signal noise. When looking at the frequency between 0.3 and 1

THz, it is clearly seen that the beam intensity and frequency intensity of the THz rays decrease in the
moist gunpowder sample compared to the dry sample.
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Type-1 Dry and Moist Gunpowder Comparison Graph
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Figure 34 : Comparison of Type-1 Dry and Moist Gunpowder Samples THz Frequency Graph

When we compare the Type-2 dry and moist gunpowder samples, it was determined that the
THz rays were absorbed more in the moist gunpowder sample than the dry samples, and therefore,
the beam intensity and the frequency intensity of the moist gunpowder sample decreased. This
difference is shown in Figure 12.
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Type-2 Dry and Moist Gunpowder Comparison Graph
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Figure 35 : Comparison of Type-2 Dry and Moist Gunpowder Samples THz Time Graph

The frequency powers of Type-2 dry and moist gunpowder samples are shown in Figure 13.
Rays between 1-3 THz can be described as signal noise. 0When looking at the frequency between 0.3
and 1 THz, it is clearly seen that the beam intensity and frequency intensity of the THz rays decrease
in the moist gunpowder sample compared to the dry sample.
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Type-2 Dry and Moist Gunpowder Comparison Graph
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Figure 36 : Comparison of Type-2 Dry and Moist Gunpowder Samples THz Frequency Graph

Conclusion

In Figure 10,11,12 and Figure 13, the comparative graphs of the dry and moist states of Type-1 and
Type-2 gunpowder samples are shown. In our system used in the experiment, the signal strength of
the THz beam is 0.1-3 THz. However, this signal strength decreases when the sample is placed in the
system. Therefore, the absorption of water in our system used in the experiment can be seen more
clearly between 0.3 and 1 THz. The absorption peaks of water after 1 THz cannot be displayed due
to the decrease in signal strength. When the graphics related to the experiment based on this principle
are examined; As a result of the experiments, it was found that the frequency density of the moist
samples decreased significantly between 0.3 and 1 THz. This result is an indication that moisture on
gunpowder samples can be successfully detected with the THz spectroscopy technique. By developing
this study and installing a different system and increasing the number of measurements and trials,
moisture changes in the samples can be determined proportionally.
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GIRIS

Kiresellesmenin etkisiyle artan uluslararasi iliskiler tlkelerin dis borglarinin ekonomiye etkisine
yol agmustir. Bor¢lanma artik gelismis tilkelerin siklikla bagvurdugu bir finans kaynagt olmustur. Ancak
bu durum sadece gelismis tlkeler i¢in degil ayn1 zamanda gelismekte olan tlkeler icin de gegerlidir.

Gelismekte olan ilkelerde dis ticaret agig1 ve yurtici tasarrufu yetersizligi tilkelerin dis kaynaklardan
finansal destek almasina yol agmaktadir(Taylor, 2004: 49-50).

Gelismekte olan tlkeler ekonomik gelismeyi saglamak adina gelir ve harcama arasindaki acigi
kapatabilmek i¢in finansal sermaye kaynag1 olarak dis bor¢lanmaya gider. Bu kategorideki tlkelerde dis
borglar kalkinmanin finansmani ve ekonomik dengenin olusmast igin bagvurulan bir yol olarak
gorulmektedir(Philip,2013: 10). Fakat dis borgclarin kalkinmaya katk: saglayip saglayamadigi tartisma
konusudur. 1k asamada yatirim hacmini artirir ve biiyiimeyi destekler. Fakat uzun vadede etkisi
olumsuz olabilir. Cinkii alinan borglar faizi ile birlikte 6denecegi igin tasarruf miktarindan
dismektedir. Ekonomik gelismeyi amag edinerek siirekli artan dig borglar ile tasarruf, biyime ve
kalkinma arasinda uzun vadede ters orantili bir iliski ortaya c¢tkacaktir. Aynt zamanda kamusal
harcamalarda azalmaya ve vergilerde artisa yol agacaktir. Burada O6nemli olan borglarin dogru
vatirtmlarda  kullanilmast  ve sureklilik arz etmemesidir. Bu konuda her tlke basarilt
degildir(Ttylioglu,2015).

Kiiresel dis borg verilerine bakildiginda gelismis tilkelerin ilk siralarda yer aldigt goriilmektedir.
Bu durum, tlkelerin ekonomik agidan zayifliklarint géstermez. Ekonomik olarak giicliic konumda
olmalart bu ilkelerin disardan bor¢ edinmelerini kolaylastirmaktadir. Ciinkt uluslararast kuruluslar
veya dis tilkeler borg verirken tilkelerin bor¢ 6deme kapasite giciine bakmaktadir. Bu 6l¢ii ise, borcun
GSYMH’a bolunmesi ile elde edilir. Sonucun kigtkliigt tlkelerin daha fazla bor¢ 6deme kapasitesine
sahip oldugunu gosterir(Euronews,2010).

Mgili literatiir incelendiginde dis borglar ile ilgili bir cok ¢alismaya rastlanmaktadir. Caligmalarin
¢ogunda yontem olarak ekonometrik ve istatistiksel modeller tercih edilmistir. Bu ¢alismada ise
tlkelerin cesitli makroekonomik gostergelerin etkisi ile dis bor¢ miktarlarina gére hangi sinufta yer
alacaginin belirlenmesi amact ile makine 6grenmesi teknikleri kullanilmigstir. Calismada literattirde dis
borglar tzerinde etkisi oldugu gosterilmis degiskenlere deginilmis, kullanilmis yontemlere iliskin
ckonomi alaninda yapilmis ¢alismalar incelenmis, daha sonra siniflandirma igin kullanilan yontemler
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karsilastirilmustir. Son olarak her bir ydontem i¢in bulgular yorumlanmis, daha sonra yapilacak ¢alismalar
icin 6neriler sunulmustur.

I. LITERATUR

Makine oOgrenimi yontemleri geleneksel yontemlere goére daha esnek algoritmalardir.
Smuiflandirma ve tahmin yontemleri makine Ogrenimi yOontemlerinin 6nemli pargalaridir.  Bu
yontemleri kullanarak literatiirde cesitli ekonomik Ozelliklerine gbre gerek gelismekte olan, gerek
gelismis tilkelerin siniflandirilmasi ve tahminine yonelik bircok ¢alisma yapilmistir.

Cinaroglu (2015) tarafindan yapilan ¢alismada OECD ilkelerinin makine 6grenmesi tekniklerini
kullanarak saglik harcamalarina gore gruplandirilmast hedeflenmistir. Caligmada cesitli karar agaclar
(C4.5, CART) ve Rastgele Orman algoritmalarinin AUC ve ROC egrisi grafigi ile performans
karsilastirmast yapilarak, Rastgele Orman siniflandirma performansinin (AUC=0,98), CART (0,95) ve
C4.5’ten (0,90) ¢ok daha ytksek oldugu belirlenmistir.

Sun ve arkadaslari (2018) tarafindan yapilan c¢alismada ilkelerin ithalat ve ihracat verilerinin
incelenerek GSYIH’sinin tahmin edilmesi amaclanmistir. Calismada tahminleme icin dogrusal
regresyon, karar agaclart ve destek vektor makineleri gibi yontemler kullaniarak, performans
karsilastirmast yapilmustir.

Jung ve digerleri (2018) bir ekonomik tahminleme problemi igin ti¢ farkli makine 6grenimi
algoritmast Onermistir. Calisma onerilen makine 6grenimi algoritmalarinin geleneksel istatistiksel
modellerden daha iyi performans gosterdigi sonucunu ortaya koymustur.

Rajkumar (2017) GSYIH oranindaki degisiklikleri tahmin etmek icin geleneksel yéntemler ve
makine 6grenimi yontemlerini kullanarak bir karsilastirma yapmustir. Karsilastirma icin siradan en
kiiciik kareler yontemi, lojistik regresyon, rastgele orman ve yapay sinir aglart kullandmigtir. Calisma
sonuglarina gbre yapay sinir aglart diger yontemlere gére ¢ok daha basarili sonuglar vermistir.

Mladenovig (2016) ve digetleri ticaret, ithalat ve ihracat parametrelerine dayali olarak ekonomik
buyumeyi 6ngérmeyi hedeflemistir. Calismanin temel amaci, yapay sinir aglarint geriye yayithim ve asirt
ogrenme makineleri olarak uygulayip tahmin dogrulugu sonuglarinin ticaret verilerine gore
karsilastirilmasidir. Sonuglara dayanarak, asir1 6grenme makinelerinin ekonomik biiylime orant tahmini
uygulamalarinda etkili bir sekilde kullanilabilecegi gosterilmistir.

II. YONTEM
a. Lojistik regresyon

Siniflandirma problemlerinde yaygin bir sekilde kullanilan algoritmalardan bir tanesidir. Bagimli
degiskenin kategorik oldugu durumlarda veri kiimesini analiz etmek icin kullanilir. Ozellikle bagimsiz
degisken saymnin fazla oldugu durumlarda basarili sonuglar vermektedir (Med,2014). Lineer regresyon
analizinde sonuclar bagimsiz degiskenin alacagt degerler seklinde iken, lojistik regresyon yonteminin
sonuglari ele alinan siniflarin olasiliklart seklindedir ve 0-1 araligindadir (Kwofie& Boadi, 2015 ). Bu
olasilik tahmini i¢in kullanilan model asagidaki gibidir:

eBO+B1
T TrePorh1
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b. Karar Agaglarn

Bir karar agaci, 6gelerle iliskili 6zellikler hakkinda bir dizi soru sorarak olusturulan, siniflandirma
ve regresyon problemlerinde kullanilan algoritmalardan biridir. Her soru bir digim ile ifade edilir ve
sorular (nitelikler) seklini alan bir hiyerarsi olusturur. Agacin olusturulmasinda C4.5, CART gibi
yontemler kullanilmaktadir. Karar agaclarinin en buytk avantaji daha basit ve diger algoritmalara gore
daha yorumlanabilir bir siniflandirict olmasidir (Kingsford & Salzberg, 2008).

c. Rastgele Orman-

Topluluk Ogrenmesi algoritmalarindan biri olan rastgele orman algoritmasinda adindan da
gorilebilecegi gibi karar agaclarindan bir orman yaratiliyor. Ormandaki agag sayist arttik¢a sonuclarin
guvenilirligi de artmaktadir. Algoritmanin en biyik avantaji klasik karar agact algoritmalarinin en
buytk sorunu olan asirt uyum sorunun agag sayist arttikca azalmasidir. Rastgele orman algoritmasinda
boliinme pozisyonunun belitlenmesinde Gini indeksini kullanilmaktadir (Ozdarict vd., 2005).
Algoritma 6zellikle siniflandirma problemlerinde ¢ok iyi performans sergiledigi i¢in diger topluluk
ogrenme algoritmalarina gore daha ¢ok tercih edilmektedir (Akar vd.v,2010).

d. K-en yakin komgu (kNN)

Cok kullanilan denetimli 6grenme algoritmalarindan biri olan knn algoritmast bir tahmin yapmak
istedigimizde, tim veri setinde en yakin komsulart arar. Hem siniflandirma hem regresyon
problemlerinde kullanilabilen kNN algoritmast ¢ogunlukla smiflandirma problemlerinde tercih
edilmektedir. Algoritma bir k degerinin belirflenmesi ile baglar. Bu k degeri ka¢ adet komsuya
bakilacagint ifade eder. Veri setine eklenecek yeni verinin mevcut degetlere uzakligt hesaplanip k adet
komgsusuna bakilir. Uzaklik hesaplamada birden fazla yontem kullanilsa da en ¢ok tercih edilen yontem
Oklid yontemidir (Imandoust & Bolandraftar, 2013).

e. Destek Vektor Makineleri (DVM)

Vapnik tarafindan gelistirilen DVM  6rinti tanima ve stuflandirma  problemlerinde
kullanilmaktadir (Cortes & Vapnik, 1995). DVM simiflandirma islemini siniflar arasinda maksimum
marjini saglayacak sekilde bir hiperdiizlem olusturarak gergeklestirmektedir (Kim, 2003). Ilk olarak
sadece iki sinifli dogrusal veriler i¢in kullanilan bu yontem, daha sonra dogrusal olmayan ve ¢ok sinifls
problemler icin de gelistirilmistir.

f. Naive Bayes

Algoritma Bayes teoremine dayali bir dizi hesaplama ile verlerin hangi sinifta yer alacagini
bulmayr amaglar. Algoritma siniflandirma islemini Bayes teoremi ile bagimsizlik varsayimlarini temel
alarak gerceklestirir (Berrar, 2018).

P(B|A)P(A)

PAIB) = =5

Naive Bayes algoritmast goriinirde basit varsayimlara ve isleyise sahip olsa da bir ¢ok
siniflandirma probleminde basarili sonuglar vermektedir.
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IL.I. Siniflandirma Algoritmalarinda Basarinin Degerlendirilmesi

Hata matrisi egitim veri setinden hareketle test veri setindeki gozlemlerin pozitif ve negatif
durumlara gore hangi 6lgiide siniflandirildigini gésteren matristir.

Tablo 17: Swflandirma Matrisi

Gergek
Pozitif Durum Negatif
Durum
Tahmin | Pozitif DP YP
Negatif DN YP

Dogru Pozitif (DP) test veri setinde pozitif sinifta olan gézlem model sonucunda da pozitif
sinifa atanmistir. Stniflandirma dogru yapilmustir.

Yanlis Pozitif (YP) test veri setinde negatif sinifta olan gbzlem model sonucunda pozitif sinifta
yer almustir. Hatali stniflandirma yapilmustir.

Dogru Negatif (DN) test veri setinde negatif sinifta olan gézlem model sonucunda da negatif
sintfa atanmistir. Stniflandirma dogru yapilmustir.

Yanlis Negatif (YN) test veri setinde pozitif sinifta olan gézlem model sonucunda negatif
sinifta yer almistir. Hatalt siniflandirma yapimistir.

Smuflandirma modellerinde basartyr degerlendirmek i¢in dogruluk, kesinlik, duyarhlik ve F-
olctti gibi degerler kullandmaktadir. Bu 6lgiitler degerlendirme igin en temel kriterlerdir.

Dogruluk-siniflandirma modellerinde en ¢ok tercih edilen basart degerlendirme kriterlerinden
biridir. Ancak baz1 veri setlerinde 6zellikle siniflardaki gbzlem sayilari farklilastiginda sadece dogruluk
kriterine gore degerlendirme yapmak yeterli gorilmemektedir. Dogruluk degeri sinift dogru tahmin
edilen gozlemlerin toplaminin tim goézlemler toplamina bélinmesi ile bulunur.

DP +YP
DP+DN +YP+YN

Dogruluk =

Kesinlik-siniflart dogru tahmin edilen pozitif 6rneklerin sinifi pozitif tahmin edilen toplam
ornek sayina oranidir.

DP

Kesinlik = m

Duyarlilik-siniflar1 dogru tahmin edilmis pozitif 6rnek sayinin toplam pozitif 6rnek sayina
oranidir.

DP

Duyarlilik = DP TN
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F-olctti kesinlik ve duyarhilik kriterlerini bir arada degerlendirme imkant saglarken bu iki
kriterin harmonik ortalamast seklinde bulunur.

2 * kesinlik * duyarlilik
kesinlik + duyarlilik

F — blgiitii =

I1.II. Veri Seti

Calisma kapsaminda dis borglar tizerinde etkiye sahip oldugu distnilen degiskenlere iliskin
2017 yilt yatay kesit verileri kullanilmistir. Degiskenler ile ilgili veriler Diinya Bankast’nin web sitesinden
elde edilmistir. Degiskenlerin belirlenmesinde Loser (2004) “External Debt Sustainability:Guidelines
for Low- and Middle-income Countries”, Swamy (2015) “Goverment Debt and its Macroeconomic
Determinants — An Empirical Investigation” , Pyeman (2015)“Factors Affecting External Debt in
Malaysia: An Empirical Investigation” ¢alismalarindan yararlanilmistir. Loser tarafindan 2004 yilinda
yapilan ¢alisma dis borcu etkileyen makroekonomik géstergelerin uluslararasi rezervler, reel faiz orant,
enflasyon, tretimdeki artig, ihracat ve ithalat, faiz oranlari, kamu acigt oldugu ortaya konulmustur.
Swamy tarafindan yuritiilen ¢alisma sonuglart incelendiginde gayri safi yurtici hasila, dogrudan yabanct
yatirimlar, hiikiimet harcamalari, enflasyon ve niifus artimi gostergelerinin dis borglart negatif etkiledigi
gorilirken sabit sermaye, nihai titketim harcamalart and ticaret agig1 gostergelerinin pozitif etkiledigi
gorulmustir. Pyeman ve arkadaglari tarafindan yapilan ¢alisma sonucunda elde edilen bulgular gayri
safi yurtici hasila, ihracat ve dogrudan yabanci yatirimlarin dis bor¢ seviyesinin 6nemli gostergeleri
oldugu sonucuna ulasimistir. Bu calisma kapsaminda analizlere dahil edilen degiskenler asagidaki
tabloda gosterilmistir.

Tablo 18: Calisma Kapsaminda Kullanilan Degiskenler

Degisken Olgiim birimi Yil
Gayri Safi Yurtici Hasila Kisi basina dasen | 2017
miktar ($)

Dogrudan Yabanct Oran (%) 2017
Yatirimlar

Nihai Tuketim Harcamalart | Oran (%) 2017
Mal ve Hizmet Ithalat Oran (%) 2017
Toplam Rezervler Oran (%) 2017
Reel Faiz Orant Oran (%) 2017
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Enflasyon Oran (%) 2017
Nifus Artimt Oran (%) 2017
Yurtici Tasarruflar Oran (%) 2017

I1.III. Siniflarin Belirlenmesi

Bir tlkenin dis bor¢ degerlendirmesinde kullanilabilecek farkli rasyo tiitleri mevcuttur. Bu
calismada tlkelerin siniflandirilmasinda GSMH’nin Dis Bor¢ Stokuna olan orani dikkate alinmustir.
Diinya Bankasi ve IMF’nin de kabul ettigi degetlendirmeye gbre GSMH /Dis Borg Stok orant %30’un
altinda olan tlkeler dis borcu dustik tlkeler kabul edilmekteyken, %50 nin Gzerinde olan tlkeler yitksek
dis borca sahip tlkeler olarak degerlendirilmektedir (Adtyaman, 2000).

III. BULGULAR

Calismada oncelikle makine 6grenmesi yontemlerinin  karsilastirmali olarak basarist test
edilmistir. Elde edilen sonuglar Tablo 3’teki gibidir.

Tablo 19:Yontemlerin Bagar1 Test Sonuglari

Dogruluk Kesinlik Duyarlilik F olgiitii
Rastgele %100 %100 %100 %100
Orman
KNN %100 %100 %100 %100
Naive Bayes % 94,11 %100 % 85,71 % 92,30
Destek Vektor | % 88,88 %100 % 80 % 88,88
Makineleri
Lojistik % 83,33 % 85,71 % 75 % 80
Regresyon
Karar Agaglar1 | % 77,77 % 87,5 0,70 Y% 77,77

Calismant sonuglarina bakildiginda bir topluluk 6grenme algoritmast olan Rastgele Orman
algoritmasinin ve benzerlik 6lgtistine dayali siniflandirma yapan K En Yakin Komsu yonteminin tim
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kriterler acisindan en iyi sonuca ulastigr goriilmektedir. Sadece dogruluk 6lgiitii incelendiginde Rastgele
Orman ve kNN algoritmalarini sirastyla Naive Bayes,Destek Vektor Makineleri, Lojistik Regresyon ve
Karar Agaglari izlemektedir.

Kesinlik 6l¢ttine gore Lojistik regresyon ve Karar Agaclari diger algoritmalara gre daha dustik
bir performansa sahip olsa da, duyarlilik 6l¢ttine bakildiginda Destek Vektér Makineleri ve Naive
Bayes algoritmalari ile birlikte yakin degerlere sahip oldugu gorilmektedir.

Kesinlik ve duyarlilik dl¢ttlerinin birlikte degerlendirilmesini saglayan F 6l¢tti dogruluk degeri
ile ayni siralamayt olusturmaktadir.

Ikinci asamada ise Rastgele Orman algoritmasi kullanilarak tlkelerin dis bor¢ stogu tizerinde
etkili olan makroekonomik faktorler analiz edilmistir. Dinya Bankast ve IMI’nin de kabul ettigi
degetlendirmeye gore, GSMH/Dis Bor¢ Stok orani %30’un altinda olan tlkeler dis borcu dusuk
tlkeler kabul edilmis ve analizde 0 ile kodlanmis, %50’nin tzerinde olan tlkeler yiksek dis borca sahip
tlkeler olarak kabul edilmis ve 1 ile kodlanmustir. Yapilan Rastgele Orman algoritmast sonuglari
asagidaki tablodadur.

Tablo 20: Rastgele Orman Algoritmast Sonuglari

Makroekonomik Degisken 0 1
Gayri Safi Yurtici Hasila 5.5327117 5.5327117
Dogrudan Yabanci Yatirimlar -0.6242176 -0.6242176
Nihai Tiketim Harcamalar -0.9195719 -0.9195719
Mal ve Hizmet Ithalat: 15.4471899 15.4471899
Toplam Rezervler 19.2191793 19.2191793
Reel Faiz Orant 2.1088844 2.1088844
Enflasyon 0.8152735 0.8152735
Nufus Artimt 6.4928367 6.4928367
Yurtici Tasarruflar 2.8135801 2.8135801

Rastgele Orman algoritmast sonuglarina gore tlkelerin yitksek dis borg sinifinda ya da dustik dis
borg sinifinda yer almast lizetrinde en etkili olan iki makrockonomik degisken Toplam Rezervler ile
Mal ve Hizmet Ihalatt olarak bulunmustur. Enflasyon, Dogrudan Yabanct Yatirimlar ve Nihai Ttketim
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Harcamalari ise gorece olarak en az diizeyde etkili olan makrokonomik degiskenler olarak
bulunmustur. Calisma kapsamina alinan tlkeler icin bir tilkenin dis borg¢ duzeyi acisindan esit deger
kabul edilen GSMH/D1s Bor¢ Stok orant %50’nin tzerinde olmasini etkileyen en 6nemli faktor
Toplam Rezervlerdir.

SONUC VE DEGERLENDIRME

Dis borg ya da dis bor¢lanma; devletin, devlete baglt kuruluslarin baska bir devletten ya da dis
kuruluslardan finansal kaynak saglamasidir. Guntumizde borg¢lanma gelismis ve gelismekte olan
tlkelerin bir taraftan sosyo-ekonomik amaglarina ulasabilmesi, diger taraftan uluslarasi iliskilerindeki
gelismeyi desteklemek icin bagvurulan en etkili yollardan biridir. Ekonomik bitytime ile dis bor¢ miktari
arasindaki iliski tam olarak netlige kavusmamustir. Ulkelerin dis borc seviyesi yorumlanirken temin
edilen yabanct kaynaklardan verimli bir sekilde yararlanip, yararlanilmadigina ayni zamanda bor¢larin
faiz oranlarina bakilmalidir. Etkin bir sekilde kullanilan ve faizi disiik olan dis borglarin genellikle
ekonomik biiyiimeyi de olumlu yénde etkiledigi gorillmektedir. Ulkelerin ekonomileri iizerinde biiyiik
etkiye sahip olan dis bor¢lanmanin ¢ok ytiksek miktarlarda olmasi ilkeler icin istenmeyen sonuglar
dogurabilir.

Bu calismada tlkelerin dis bor¢lanma seviyesine gore hangi sinifta yer alacagini belirlemek i¢in
6 makine 6grenmesi teknigi kullandmistir. Calismada ekonomik veriler kullanidanidarak makine
ogrenmesi tekniklerinin performans karsilastirmast yapilmustir. Tekniklerden En Yakin Komsu ve
Rastgele Orman yontemleri digetlerine gore daha basarili sonuglar verse de genel olarak tim yéntemler
siniflandirma isleminde %70’in {izerinde bir basartya ulasmustir. Tkinci asamada ise Rastgele Orman
algoritmast kullanilarak tlkelerin dis borg stogu tizernde etkili olan makroekonomik faktorler analiz
edilmistir. Yapilan analiz sonucuna gore, ¢alisma kapsamina alinan tlkeler i¢in bir tlkenin dis borg
diizeyi agisindan esik deger kabul edilen GSMH/Dis Bor¢ Stok orant %50’nin tizerinde olmasini
etkileyen en 6nemli faktor Toplam Rezervler olarak bulunmugstur. Toplam rezervler bir tilkenin en
énemli makroekonomik degiskenleri arasinda yer almaktadir. Ulkeler, para ve kur politikalarint
desteklemek, olast soklarin tlke ekonomisi tzerindeki olumsuz etkilerini en aza indirmek, dis bore
O6demelerini gerceklestirmek, diger doviz ihtiyaglarini temin etmek gibi sebepletle rezerv talep
etmektedirler. Bu calismada da tlkeler icin 6nemli makroekonomik hedefler arasinda yer alan dis
borcun en 6nemli belirleyicisi olarak toplam rezervler bulunmustur. Toplam rezervlerden sonra en
onemli belirleyici degisken ise Mal ve Hizmet Ithalati olarak bulunmustur. Ozellikle gelismekte olan
tlkeler agisindan tasarruflarin yetersiz kalmast nedeniyle yatirimlar da yetersiz olabilmektedir. Bu
durum yurt icinde tretilemeyen mal ve hizmetlerin ithal edilmesine yol agmaktadir. Artan ithal talebini
karsilamak icin gerekli olan dovizi saglamanin yolu ise ya ihracati artirarak tlkeye doviz girisini
saglamak ya da dis bor¢lanmaya giderek gerekli olan finansmani saglamaktir. Bu nedenle dis borcun
o6nemli bir belirleyici mal ve hizmet ithalatidir.

Sonraki ekonomik c¢alismalarda veri setindeki gbzlem sayisi arttirlarak kullanilacak yontemlerde
daha yiksek basartya ulasilabilir. Dis bor¢lanmayr etkileyen diger degiskenler de dahil edilerek
modellerin performansi arttirilabilir. Modellerin olusturulmasinda kullanilan RStudio yazilimt yerine
farklt yazilimlar kullanilarak farkli sonuglar elde edilebilir. Calismada modellerin basarisini arttiracak
parametre optimizasyon teknikleri kullanilarak sonuglar iyilestirilebilir.
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